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Background: This study investigated the effects of metformin on breast density in over-
weight/obese premenopausal women.

Methods: Overweight/obese premenopausal women (n=120) were randomly assigned to the
metformin or placebo group, and all women received lifestyle interventions. The outcomes
included weight, BMI, FPG, FIN, glucose, HOMA-IR, LDL-C, HDL-C, TG, TC, SBP, DBP,
FSH, E, AD, and the BIRADS grade, and the incidence of breast cancer was assessed by
pathological biopsy and BIRADS grade greater than 4.

Results: In total, 120 overweight/obese women completed the 1-year trial. Seven patients
had a BIRADS grade greater than 4, including 5 patients who were biopsy positive, in the
control group, and 2 patients had a BIRADS grade greater than 4, including 1 patient who
was biopsy positive, in the metformin group. Compared with those in the control group, the
body weight, BMI, FIN, FPG, HOMA-IR, TC, BIRADS grade and positive pathological
biopsy rate in the metformin group were significantly decreased (P<0.05), while AD was
significantly increased (P<0.05). The correlation analysis indicated that the BIRADS grade
was significantly correlated with weight, BMI, FPG, FIN, HOMA-IR, SBP, AD and the
positive pathological biopsy rate, and the positive pathological biopsy rate was significantly
correlated with weight, BMI, HOMA-IR, SBP, AD and BIRADS grade. The logistic regres-
sion analysis revealed that the BIRADS grade was significantly correlated with the positive
pathological biopsy rate and AD and that the positive pathological biopsy rate was signifi-
cantly correlated with the BIRADS grade.

Conclusion: As adjunctive therapy, the combination of lifestyle changes and metformin was
found to be a safe strategy for improving related metabolic markers and increasing adipo-
nectin. The BIRADS grade was significantly correlated with the positive pathological biopsy
rate and AD, and the positive pathological biopsy rate was significantly correlated with the
BIRADS grade.
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Introduction

The latest global cancer statistics in 2020 estimated that there would be
19.29 million new cancer patients worldwide and 4.57 million confirmed cancer
patients in China in 2020."* Currently, the prevalence of cancer in China is among
the highest worldwide, and China ranks first globally in breast cancer prevalence.
Studies have indicated that the breast density is an important risk factor for breast
cancer’ An elevated breast density and overweight/obesity are the two most pre-
valent risk factors for breast cancer.’> The breast density represents the relative
amounts of dense (fibro glandular) and nondense (fatty) areas on a mammogram.

Among the density measures, the percent density, ie, the ratio of dense to overall
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breast area, is the most strongly associated with risk.*
Breast density has become the most important risk predic-
tion index for breast cancer’ On mammography, dense
breast tissue is usually defined as >75% of the total breast.
In general, dense breasts are 4-6 times more likely to
than
Overweight/obesity increases the prevalence of breast can-

develop breast cancer nondense  breasts.’
cer by 30-50% due to the relationships between breast
cancer development and various metabolic disorders
caused by overweight/obesity, including insulin resistance
and changes in the expression and secretion of adipokines
caused by chronic inflammation.®” Notably, overweight/
obese premenopausal women are at a high risk of breast
cancer in China.’ Thus, the main focus of clinical breast
cancer research is the identification of effective measures
for prevention and treatment.

Multiple studies suggested that adiponectin, the adipo-
kine with the highest concentration in the body, inhibits
the occurrence and development of breast cancer,® but
whether adiponectin reduces the breast density and parti-
cipates in the early prevention of breast cancer is still
unclear.’” Metformin, an agonist of adiponectin, was
demonstrated to have an anti-breast cancer effect.'®
However, verification of this effect in randomized con-
trolled clinical trials is lacking, the effect of metformin
on breast density is unclear, and the mechanism of action
is unknown. We aimed to investigate whether metformin
can prevent breast cancer by increasing adiponectin’s
effect on breast density in overweight/obese women and
its possible mechanism.

Methods and Material
Study Design

In total, 120 overweight/obese premenopausal female
patients were recruited. After informed consent was
obtained, the patients were randomly assigned to the control
group and metformin group by the “random number”
method. The inclusion criteria were as follows: (1) no pre-
vious history of diabetes, hypertension, coronary heart dis-
ease, stroke, or malignant tumor; (2) a female sex and an age
of 21-54 years; (3) no menopause within the first 6 months
(clinical menstrual history and FSH, E2); (4) BMI > 24 kg/
m?; (5) no abnormality on abreast X-ray within12 months
before entering the study; and (6) ability to understand and
willingness to sign a written informed consent form. The
exclusion criteria were as follows: (1) premenopausal status
(including amenorrhea for at least 12 months before entering

the study or a history of hysterectomy or bilateral oviduct
oophorectomy); (2) severe liver and renal insufficiency or
severe malnutrition); (3) diabetes, hypertension, coronary
heart disease, stroke or malignant tumor; (4) uncontrolled
severe infection; (5) pregnancy and lactation; or (6) mental or
neurological diseases resulting in the inability or unwilling-
ness to cooperate. This study was conducted in accordance
with the Declaration of Helsinki and was approved by the
ethics committee of the Cancer Hospital Affiliated with
Chongging University (Lunshen No. 171, 2019) and regis-
tered on the China
(ChiCTR1900026211).

Clinical  Trials  website

Intervention Measures

All patients underwent a mammography examination before
and after enrollment. The control group received placebo + the
basic intervention. The patients were given placebo + diet and
exercise interventions without contraindications (the diet and
exercise program were formulated, and the implementation
was supervised). The metformin group received the basic
intervention + metformin, namely, metformin hydrochloride
sustained release tablets (provided by Chongging Kang Kere
Pharmaceutical Co., Ltd.).The dose was within the AACE/
ACE Obesity Management Guidelines for the safe use of
metformin in nondiabetic patients.'' All patients received
each intervention measure for 1 year after leaving the hospital.

Lifestyle Interventions

1. Regarding the dietary intervention, an individualized
dietary plan was developed, a reasonable proportion of
daily total calories and nutrients was calculated, the energy
required for three meals was determined, all types of food
were reasonably matched, and a personalized nutrition diet
was developed. Furthermore, the intake of fresh vegetables
and fruits was increased, attention was given to the intake
of multiple vitamins, and the allocation was optimized
according to the weight of the subject. 2. The exercise
guidance recommends performing moderate intensity
aerobic exercise, adopting a pulse rate of 60% of the
maximum oxygen consumption as the target rate, encoura-
ging the subject to exercise at least 5 times per week 60—
90 minutes after a meal for at least 30 minutes per session,
and educating the patient to self-assess the pulse rate.

Data Collection and Outcome Measures
The breast feeding history, OCP medication history and
family history of breast cancer were collected. Age,
height, weight, BMI, BP, parity and age of menarche
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were measured using the ICSHIB standardized protocol.
The concentrations of fasting plasma glucose (FPG), fast-
ing insulin(FIN), total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), FSH, E2, and adiponec-
tin were measured by certified laboratories. HOMA-IR
was calculated by means of the updated HOMA model
(HOMAZ?), and the coefficients of variation within and
between batches of all parameters were <5%.The basic
treatment program included a lifestyle intervention as
described above; all patients received the basic treatment.
The safety variables included adverse events, such as
vomiting, vital signs, electrocardiogram, biochemical and
hematological measures, and patient-reported hypoglyce-
mic episodes. A serious adverse event was defined as
a disability, a life-threatening experience, or an event that
required medical or surgical intervention to prevent
another outcome, namely, an adverse event that resulted
in death or hospitalization. These data were recorded at
baseline. The follow-up visits took place during outpatient
visits 1 year after leaving the hospital. During the follow-
up visits, we collected patient data and information con-
cerning adverse events. Pathological biopsy specimens
were obtained from the patients whose BIRADS grade
was greater than 4, and malignant tumors were defined
as positive.

The primary aim of this trial was to assess the change
in the BIRADS grade and pathological biopsy positive
rates between patients receiving metformin or placebo
intervention. The secondary aims were to assess the
changes in metabolic indicators (BMI, HOMA-IR and
lipids) and adiponectin after a 1-year treatment period.

Statistical Analyses

The statistical software SPSS 19.0 was employed to per-
form the statistical analysis. A P-value<0.05 indicates
statistical significance. The variables that were continu-
ously and normally distributed are shown as the mean
and standard deviation (x£s). Before the statistical analy-
sis, the data were subjected to a normal distribution ana-
lysis using a Kolmogorov—Smirnov’s test. When the
variance was uniform, the difference between the groups
was tested by an independent-samples t-test. The relation-
ships among the parameters at baseline and the changes in
the parameters after the treatment were analyzed by simple
correlations. The correlations of the variables were deter-

mined by a Pearson’s correlation analysis, and a regression

analysis was performed to control the effects of covariates
and test the independent factors.

Results
Comeparison of the Clinical Data of the 2
Groups

There were no significant differences in the breastfeeding
history, OCP medication history or family history of breast
cancer. No significant difference was found in age, parity,
age of menarche, BMI, FPG, FIN, HOMA-IR, LDL-C,
HDL-C, TG, TC, SBP, DBP, FSH, E2, AD, or BIRADS
grade. There were no significant differences in each para-
meter between the 2 groups (Table 1).

Comparison of Each Parameter After the

Treatment
Our research suggests that after 1 year of the intervention,
some indicators, such as weight, BMI, FPG, FIN, HOMA-
IR, AD, BIRADS grade and pathological biopsy positive
rate, were significantly improved (P<0.05) (Table 2).

In addition, there were no differences in LDL-C, HDL-
C, TC, TG, SBP, DBP, FSH orE2betweenthe control group
and metformin group (P>0.05). Weight, BMI, FPG, FIN,
HOMA-IR, LDL-C, TC, BIRADS grade and pathological

Table | Baseline Characteristics of Patients in Each Group (Xts)

Control Metformin P value

Group Group
Age(years) 344154 34.4+43 0.93
Weight(kg) 63.914.9 65.8+5.7 0.06
BMI(kg/m?) 26.6x1.9 26.1%1.6 0.11
FPG(mmol/L) 5.4£0.6 5.3+0.6 0.23
FIN(mmol/L) 18.3£2.6 18.242.6 0.74
HOMA-IR 4.4+0.8 4.2+0.8 0.2
LDL-C(mmol/L) 2.65+0.7 2.87+0.6 0.06
HDL-C(mmol/L) 1.51£0.4 1.41£0.5 0.15
TC(mmol/L) 5.29%1.1 5.17+£0.9 0.52
TG(mmol/L) 1.61£0.9 1.84£1.3 0.62
SBP(mmHg) 128.4+13.4 130.6+12.2 0.35
DBP(mmHg) 79.8+8.0 774189 0.13
FSH(mIU/mL) 4.9+1.2 5.0+1.2 0.73
E2(pg/mL) 33.6%£30.0 31.9+26.0 0.74
Adiponectin(ug/mL) 2.8+0.4 2.8+0.3 1.0
BIRADS grade 1.6£0.7 1.9£0.8 0.06

Abbreviations: HOMA-IR, Homeostasis model assessment of insulin resistance;
BMI, Body mass index; FPG, Fasting plasma glucose; FIN, Fasting insulin; LDL-C,
Low-density-lipoprotein cholesterol; HDL-C, High-density-lipoprotein cholesterol;
TC, Total cholesterol; TG, Total glyceride; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; BIRADS, Breast Imaging Reporting and Data System;
FSH, Follicle-stimulating Hormone; E, Estrogen; AD, Adiponectin.
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Table 2 The Changes in Parameters After Each Treatment (Xts)

Control Metformin P value

Group Group
Weight(kg) 61.8+4.3 58.3£5.3%* 0.00
BMI 25.8+2.0 23.1%1.5%* 0.00
FPG(mmol/L) 5.5+0.5 5.0+0.6%* 0.00
FIN(mmol/L) 19.6+4.5 7.9+1.8% 0.00
HOMA-IR 4.8+1.2 |.7£0.4%* 0.00
LDL-C(mmol/L) 2.6+0.7 2.6+0.6 0.71
HDL-C(mmol/L) 1.0£0.3 1.0£0.2 0.61
TC(mmol/L) 4.6x1.0 4.6+0.8 0.74
TG(mmol/L) 1.5£0.5 1.7+0.6 0.15
SBP(mmHg) 126.8+11.2 | 128.5+8.5 0.53
DBP(mmHg) 79.1£7.9 77.7x7.6 0.31
FSH(mIU/mL) 5.5+1.2 5.3%1.2 0.35
E2(pg/mL) 45.9+35.2 50.0+41.5 0.56
Adiponectin(ug/mL) 3.4+0.9 4.6].0%* 0.00
BIRADS grade 2.1x1.0 |.5+0.7%* 0.00
Pathological biopsy 8.33+0.28 |.67+0.13%* 0.01
positive rate (%)

Note: Vs control group:**P<0.01.

Abbreviations: HOMA-IR, Homeostasis model assessment of insulin resistance;
BMI, Body mass index; FPG, Fasting plasma glucose; FIN, Fasting insulin; LDL-C,
Low-density-lipoprotein cholesterol; HDL-C, High-density-lipoprotein cholesterol;
TC, Total cholesterol; TG, Total glyceride; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; BIRADS, Breast Imaging Reporting and Data System;
FSH, Follicle-stimulating Hormone; E, Estrogen; AD, Adiponectin.

biopsy positivity were significantly decreased in the met-
formin group compared with those in the control group
(P<0.05), and adiponectin was significantly increased
(P<0.05) in the metformin group compared with that in
the control group. This result indicates that the metformin
intervention may have been a factor in the improvement of
each parameter.

Relationships Among the Changes in Each
Parameter | Year After the Treatment
(Table 3)

Our research also examined the correlation between each
indicator and the BIRADS grade and pathological biopsy
positivity after 1 year of each intervention. Height (R=0.351,
P<0.05), weight (R=0.286, P<0.05), BMI (R=0.604,
P<0.05), FPG (R=0.197, P<0.05), FIN (R=0.366, P<0.05),
HOMA-IR (R=0.384, P<0.05), SBP (R=—0.198, P<0.05),
adiponectin (R=-0.728, P<0.05), and pathological biopsy
positivity (R=0.543, P<0.05) were associated with the
BIRADS grade, and weight (R=0.202, P<0.05), BMI
(R=0.290, P<0.05), HOMA-IR (R=0.181, P<0.05), SBP
(R=-0.208, P<0.05), adiponectin (R=—0.357, P<0.05),

Table 3 Relationships Among Changes in Each Parameter After

Treatment
Parameters R BIRADS Positive Pathological
Grade Biopsy
Weight 0.000%* 0.261
Height 0.002%* 0.027*
BMI 0.000** 0.00[**
FPG 0.031* 0.444
FIN 0.000%* 0.058
HOMA-IR 0.000%** 0.048*
LDL-C —0.408 —0.621
HDL-C —0.451 —-0.118
TC —0.268 —0.162
TGs —0.680 —0.956
SBP —0.030* 0.023*
DBP 0.343 0.209
FSH —0.303 —0.843
E2 0.713 0.238
Adiponectin —0.000%* —0.000**
BIRADS grade | 0.000%**
Positive pathological 0.000%* |
biopsy

Note: *P<0.05;*P<0.01.

Abbreviations: HOMA-IR, Homeostasis model assessment of insulin resistance;
BMI, Body mass index; FPG, Fasting plasma glucose; FIN, Fasting insulin; LDL-C,
Low-density-lipoprotein cholesterol; HDL-C, High-density-lipoprotein cholesterol;
TC, Total cholesterol; TG, Total glyceride; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; BIRADS, Breast Imaging Reporting and Data System;
FSH, Follicle-stimulating Hormone; E, Estrogen; AD, Adiponectin.

BIDS grade (R=0.05), and SBP (<0.05) were associated
with pathological biopsy positivity (R=0.05).

Regression Analyses of Each Parameter
After the Treatment (Tables 4 and 5)

Adiponectin, FBG, and FIN were identified as risk factors
for the BIRADS grade; of these variables, adiponectin was
the most significant. Adiponectin and HDL-C were identi-
fied as major risk factors for pathological biopsy positiv-
ity; of these variables, adiponectin was the most

significant.

Adverse Event

There were no serious adverse events, such as death or
coma. Fifteen patients in the metformin group (25%)
experienced vomiting and nausea, and the incidence in
this group was higher than that in the control group (3
patients, 5%). Ten patients in the metformin group
(16.7%) experienced diarrhea, and the incidence was
higher than that in the control group (2 patients, 3.3%).
Five patients in the control group (8.33%) and one patient
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Table 4 Logistic Regression Analyses of the BIRADS Grade After Treatment
BIRADS B SE OR P value 95% CI
Height 0.273 11.350 0.024 0.981 —22.220 22.766
Weight —0.027 0.150 —0.178 0.859 —0.325 0.271
BMI 0.112 0.363 0.308 0.759 —0.608 0.831
FPG 0.019 0.193 0.098 0.922 —0.363 0.401
Insulin —0.016 0.076 —0.204 0.838 —0.167 0.135
HOMA-IR —0.013 0.322 —0.039 0.969 —0.650 0.625
SBP 0.001 0.006 0.210 0.834 —0.010 0.012
AD —0.472 0.076 —6.182 0.000 —0.623 —0.321
Pathological biopsy 1.365 0.262 5.218 0.000 0.846 1.883
positive rate

Abbreviations: HOMA-IR, Homeostasis model assessment of insulin resistance; BMI, Body mass index; FPG, Fasting plasma glucose; FIN, Fasting insulin; LDL-C, Low-
density-lipoprotein cholesterol; HDL-C, High-density-lipoprotein cholesterol; TC, Total cholesterol; TG, Total glyceride; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; BIRADS, Breast Imaging Reporting and Data System; FSH, Follicle-stimulating Hormone; E, Estrogen; AD, Adiponectin.

Table 5 Logistic Regression Analyses of Pathologicalbiopsypositivity After Treatment

Pathological Biopsy Positive Rate B SE OR P value 95% ClI

Weight 0.005 0.004 1.234 0.220 -0.003 0.013
BMI -0.013 0.013 —0.963 0.338 -0.039 0.013
SBP -0.003 0.002 —1.508 0.134 —0.006 0.001
AD 0.013 0.027 0.489 0.626 —0.041 0.067
BIRADS 0.145 0.027 5.344 0.000 0.091 0.198

Abbreviations: B, regression coefficient; S.E, standard error; Cl, confidence interval; OR, odds ratio; HOMA-IR, Homeostasis model assessment of insulin resistance; BMI,
Body mass index; FPG, Fasting plasma glucose; FIN, Fasting insulin; LDL-C, Low-density-lipoprotein cholesterol; HDL-C, High-density-lipoprotein cholesterol; TC, Total
cholesterol; TG, Total glyceride; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; BIRADS, Breast Imaging Reporting and Data System; FSH, Follicle-stimulating

Hormone; E, Estrogen; AD, Adiponectin.

in the metformin group (1.67%) developed breast cancer,
which was diagnosed by pathological biopsy, and all
patients successfully received anticancer treatment.

Discussion

Breast cancer is the most common type of cancer in women
and the leading cause of death.'? It is well known that over-
weight/obesity is a key risk factor for breast cancer.'*'*
Overweight/obesity changes insulin sensitivity and regulates
estrogen availability and receptor function, thereby increas-
ing the risk and progression of breast cancer, but the mechan-
ism is unclear.” Some studies have suggested that the risk of
breast cancer in women with an increased breast density is 4—
6 times higher than that in women without an increased
breast density.'® Similar conclusions have been obtained in
the Chinese population.” Moreover, some studies have indi-
cated that the breast density of premenopausal women in
China is higher than that in premenopausal women in
Western countries.'® Breast density monitoring has become
the most important risk predictor of breast cancer, and
improving the breast density is of great significance for

Chinese premenopausal women. '’

Metformin, as the first-line treatment for type 2 dia-
betes, has been used for many years. Additionally, metfor-
min has been approved for some diseases characterized by
metabolic disorders, such as metabolic syndrome, polycys-
tic ovary syndrome (PCOS), and nonalcoholic fatty liver
disease. The mechanism mainly depends on the inhibition
of hepatic gluconeogenesis and glucose output. In addi-
tion, metformin may improve insulin resistance and var-
ious metabolic disorders by increasing adiponectin and
activating the amp activated protein kinase (AMPK) sig-
naling pathway.'® Some studies suggested that metformin
treatment improves metabolic disorders and the tumor
microenvironment, reduces the risk of breast cancer, miti-
gates tumor development and metastasis, enhances the
therapeutic sensitivity of chemotherapeutics and improves
the prognosis and survival rate of breast cancer patients.'®"
20 Some studies suggested that metformin directly partici-
pates in the regulation of apoptosis in breast cancer cells
and plays a direct role in breast tissue physiology via its
anti-proliferative effects and induction of apoptosis, which

1

is beneficial for combating breast cancer.’' Therefore,

metformin reduces the breast cancer risk in overweight/
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obese patients regardless of whether the patient has
diabetes.'*** Some studies suggested that obesity induces
resistance to anti-VEGF treatment in mice with breast
cancer by producing inflammatory and angiogenic factors,
while metformin normalizes the expression of FGF-2,
thereby reducing the vascular density in mice and restoring
tumor sensitivity to anti-VEGF treatment.>

Some studies have found that metformin significantly
reduced the insulin levels in non-diabetic breast cancer
patients and improved insulin resistance, indicating that
metformin may participate in the prevention of breast
cancer.”* However, evidence of the role of metformin in
breast cancer prevention is still limited.?

Age, gene mutation, breast density, family history,
birth history and oral contraceptives were all risk factors
for breast cancer; among these factors, age and gene
mutations were the strongest risk factors. The breast den-
sity is a subjective estimate by the interpreting radiologist
of the relative amount of radiopaque breast parenchyma in
relation to radiolucent fatty tissue comprising each
breast.?®
Radiology (ACR), under the Breast Imaging Reporting
and Data System (BI-RADS), the breast density should
be subjectively classified into one of four categories by

According to the American College of

interpreting radiologists as follows: nearly total fatty, scat-
tered fibro glandular densities, heterogeneously dense, and
extremely dense. Nevertheless, women who fall into the
latter two categories (heterogeneously dense and extre-
mely dense) are commonly combined and considered to
have “dense breasts”.”” Some researchers believe that the
breast density alone explains a significant proportion of
cancer risk at the population level.”® This opinion was
supported by data from the Canadian Screening Program,
which showed that increased breast density accounted for
16% of all breast cancer diagnoses, 40% of interphase
cancer diagnoses, and 12% of cancers detected by screen-
ing risk factors, including age and genetic mutations.?’

A Spanish study suggested that metformin combined
with stains reduced the breast density in overweight/obese
women.® Some studies indicated that metformin improves
the breast density of postmenopausal women without
metabolic syndrome, and the authors speculate that this
mechanism is not related to an improvement in insulin
resistance but is related to effects on cell proliferation,
apoptosis and DNA repair.®' However, some studies
demonstrated that metformin has no significant effect on
the breast density in postmenopausal patients with type 2
diabetes.>® It has also been reported that the use of

metformin in diabetic patients is associated with decreased
breast density, but this correlation disappears after adjust-
ing for body weight.*> Therefore, whether metformin
improves women’s breast cancer risk by reducing the
breast density is unclear, and no study investigated the
breast density reduction effect of metformin in over-
weight/obese premenopausal women without diabetes.

Therefore, a randomized, placebo-controlled trial is
needed to evaluate the efficacy of metformin in the pre-
vention of breast cancer. Moreover, there are no reports
regarding whether metformin reduces breast density in
overweight/obese women or the specific mechanism.

Our research suggests that BMI, FPG, FIN, HOMA-IR,
adiponectin, BIRADS grade and pathological biopsy posi-
tive rate were significantly improved in the metformin
group compared with those in the control group. This
result suggests that lifestyle changes and metformin treat-
ment had a greater effect on improvement in each indicator
than the intervention with only the lifestyle change.

The current consensus is that overweight and obese
postmenopausal women are at an increased risk of breast
cancer. However, whether overweight and obesity increase
the risk of breast cancer in premenopausal women remains
controversial. Amadou et al conducted a meta-analysis of
the effect of body weight on breast cancer in premenopau-
sal women based on race, and the results showed that BMI
was negatively correlated with breast cancer risk in pre-
menopausal women in Africa but was positively correlated
with breast cancer risk in Asian women.** Therefore, we
hypothesized that appropriate weight loss could prevent
breast cancer in Chinese premenopausal women. In this
study, the patients treated with metformin lost weight and
had a reduced risk of breast cancer compared with the
controls. It is widely believed that the breast density
decreases as BMI increases.” The regression analysis in
this study showed that there was no significant correlation
between BMI and breast density or breast biopsy rate after
the metformin treatment, suggesting that appropriate
weight loss does not increase the risk of breast cancer in
premenopausal women treated with metformin.

Insulin resistance (IR) is a complex metabolic disease
in which both genetics and the environment are influen-
cing factors.IR has been considered the main mediator of
metabolic syndrome. Obesity, especially visceral obesity,
is a key factor in the occurrence of IR.*>> Studies have
shown that insulin resistance can promote the development
of breast cancer, and reducing insulin resistance can
reduce the risk of postmenopausal breast cancer, but the
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effect on the risk of premenopausal breast cancer is still
controversial>*® Eliassen et al conducted a nested case-
control study of premenopausal women, and the results
showed that high levels of insulin and C-peptide were not
associated with breast cancer risk in premenopausal
women,”” but the study focused on premenopausal
women in the United States and did not conduct an ana-
lysis by race. Kachhawa et al studied the risk of breast
cancer-related metabolic indicators in pre- and postmeno-
pausal women in India, and the results showed that the
insulin level and HOMA-IR were positively correlated
with the risk of breast cancer regardless of the menopausal
status.*” The research was conducted in an Asian popula-
tion, and the results were more consistent with the Asian
population. Our study suggests that metformin improved
insulin resistance and prevented the occurrence of breast
cancer. The correlation analysis showed that the insulin
level and HOMA-IR were related to the BIRADS grading,
suggesting that metformin can reduce the breast density by
improving insulin resistance, thereby reducing the risk of
breast cancer.

In addition to the above related metabolic indicators,
this study further explored the relationship between met-
formin and adiponectin and between adiponectin and
breast cancer risk. Adiponectin is a type of protein or
endogenous bioactive polypeptide, and its concentration
is the highest among the adipokines. Researchers have
suggested that the level of adiponectin in overweight/
obese people is significantly decreased compared with
that in normal people.*’ Many studies have indicated that
adiponectin inhibits the occurrence and development of
breast cancer and reduces the growth, proliferation and
invasion of breast cancer cells regardless of the menopau-
sal status.® Therefore, the lack of adiponectin may be an
important reason for the high incidence of breast cancer in
overweight/obese people, and increasing adiponectin may
be a good way to reduce the occurrence and development
of breast cancer’>** Previous studies suggested that the
adiponectin agonist metformin has an adjuvant treatment
effect against breast cancer, but these studies were mostly
retrospective analyses and lacked control groups. Most of
the study population was diagnosed with breast cancer,
received standard adjuvant radiotherapy, endocrine ther-
apy, or biological therapy before or during treatment, or
received adjuvant or neoadjuvant therapy before treatment.
The interpretation of these research results may be
biased."”

A low adiponectin concentration was associated with
a poor prognosis in early and/or newly diagnosed breast
cancer.**** Studies have also indicated that the adiponec-
tin levels are directly associated with high-risk pattern
mammograms and a high breast density in obese postme-
nopausal women.*’ High adiponectin levels were signifi-
cantly associated with a lower breast density in Mexican
premenopausal women, but these women were not over-
weight or obese.*® This result indicates that adiponectin
may participate in not only the treatment but also the
prevention of breast cancer, but no research investigated
the effect of adiponectin on the breast density in over-
weight/obese premenopausal Chinese women.

Some researchers also reported that adiponectin
induced breast cancer cell apoptosis and protected normal

47,48

cells, and some studies demonstrated that adiponectin

inhibited breast cell fibrosis and participated in reducing

the breast density,49’50

suggesting that increasing the adi-
ponectin levels may decrease the breast density. One study
indicated that metformin intervention has no significant
effect on the breast density in postmenopausal women
with diabetes.*® Our target population was premenopausal
women without diabetes, and a lifestyle intervention was
carried out. On the one hand, the breast density in pre-
menopausal women is higher than that in postmenopausal
women; therefore, the improvement in the difference may
be more obvious. On the other hand, previous studies
suggested that diabetic patients have lower levels of adi-
ponectin than healthy people and that improvement in
lifestyle can also improve the adiponectin levels,?! which
may contribute to reducing breast density.

Our results show that 7 patients had BIRADS grades
greater than 4, including 5 patients diagnosed with breast
cancer, in the control group, and 2 patients had BIRADS
grades greater than 4, including 1 patient diagnosed with
breast cancer, in the metformin group. The positive
pathological biopsy rates were 8.33% in the control
group and 1.67% in the metformin group. Compared
with those in the control group, the BIRADS grade and
pathological biopsy positive rate were significantly
decreased, and the concentration of adiponectin was sig-
nificantly increased in the metformin group (P<0.05).
Adiponectin and the BIRADS grade did not differ
between the 2 groups before the intervention (P>0.05).
The above data suggest that the metformin intervention
reduced the BIRADS grade and pathological biopsy posi-
tive rate and increased adiponectin. The correlation ana-
lysis suggested that adiponectin was associated with the
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BIRADS grade (R=—-0.728) and the positive pathological
biopsy rate (R=—0.357). The regression analysis showed
that the BIRADS grade, adiponectin (OR=—6.182) and
pathological biopsy positive rate (OR=5.218) were the
most significant risk factors, and for the pathological
biopsy positive rate, the BIRADS grade was the most
significant risk factor (OR=5.344).Adiponectin plays an
important role in many types of malignant tumors, and
many researchers have declared that breast cancer is
related to the level of adiponectin.® Increasing adiponec-
tin is a potential way to relieve breast cancer. Our results
that
a decreased breast density, which is an independent risk

demonstrate adiponectin is associated with
factor for breast cancer. Therefore, we conclude that
adiponectin is more accurate in reflecting the BIRADS
grade and the pathological biopsy positive rate and that
metformin may reduce the breast density by reducing
adiponectin, thereby preventing breast cancer.

Therefore, this randomized controlled trial revealed
that metformin and lifestyle interventions may be used as
an auxiliary approach to improve the breast density and
prevent specific breast cancer outcomes in postmenopausal
women, and the main mechanism may be related to
improving insulin resistance and blood lipids and increas-
ing the adiponectin concentration. Regarding the BIRADS
grade, adiponectin is the most important factor.
still
Specifically, this study is a single-center study with

There are some limitations in this study.
a small sample size, and it lacks long-term follow-up
data, especially data regarding the specific stage and out-
comes of breast cancer. Furthermore, due to funding rea-
sons, this study used only the molybdenum target for the
BIRADS grading and carried out pathological biopsy only
in patients with a grade of 4 without MRI detection of the
breast density. We look forward to future follow-up

research.
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