
Abstract. Background: Environmental factors may influence
the lifetime risk of cancer (penetrance) in women with a BRCA
mutation. Materials and Methods: In 89 BRCA-mutant women,
affected or unaffected by breast/ovarian cancer, we explored
serum levels of adipokines and their relation with the
polymorphism SNP276G>T as modulators of BRCA penetrance.
Results: Affected women had significantly lower adiponectin
than healthy women. Affected women with rs1501299 TT had
significantly lower adiponectin and higher leptin than GT and
GG genotypes. GT genotype was significantly associated with
the disease status [odds ratio (OR)=3.24, 95% confidence
interval (95% CI)=1.03-10.17]. Women in the lower tertile of
serum adiponectin had a RR of BRCA-associated cancer of 2.80,
95% CI=1.1-7.1 (p for trend=0.03) compared with women in the
higher tertile. Conclusion: In the SNP rs1501299 the T allele
was significantly associated with lower serum levels of
adiponectin in affected women, suggesting that the T allele might
be related to cancer.

Women who inherit a germ-line BRCA1 or BRCA2 mutation
face a high lifetime cumulative risk (penetrance) of developing

breast cancer (BC), in the order of 55% compared to 12% in
the general population, and ovarian cancer (OC) in the order
of 16-59% (1-4). Given the incomplete penetrance, it has been
suggested that several factors, genetic (polymorphisms) and/or
“environmental”, may influence BRCA penetrance. 

The cancer risk is higher if genotype carriers are obese or
have a high energy intake and life-long weight gain (5-8).
Obesity may affect BRCA penetrance through a number of
mechanisms including insulin resistance, induction of a
metabolic syndrome, chronic low-grade inflammation and
insulin-like growth factor I (IGF-I) regulation. Metabolic
syndrome and diabetes are also associated with hereditary
BC (6, 9). A case-control analysis of 308 high genetic-risk
women showed that high serum levels of IGF-I were
associated with significantly greater penetrance (10).

Body weight is regulated by leptin and adiponectin, two
adipokines that have pathological signaling cascades in
relation to the pathogenesis of various diseases, including
cancer (11-20). Leptin is an adipokine produced in white
adipose tissue that controls appetite and energy balance,
increases with BMI (16) and is linked epidemiologically with
obesity-related cancers, including sporadic BC risk (13, 21).
Adiponectin, an adipose-derived protein of 244 amino acids,
is an endogenous insulin sensitizer that also regulates the
secretion of estrogens, TNF-α and IGF-I (11, 14). It has an
inverse relationship with adiposity, so its levels are low in
obese and diabetic subjects, with a stronger negative
correlation with visceral adiposity (16). Adiponectin is
inversely related to the risk of obesity-related cancers,
including sporadic BC, even after controlling for BMI or
other anthropometric markers (18).
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Serum adiponectin levels have a strong genetic component.
Single nucleotide polymorphisms (SNPs) associated with
serum adiponectin have emerged from recent genome-wide
association studies (22, 23). One of the most commonly
studied SNPs at the ADIPOQ locus is a G to T substitution in
intron 2 (+276G>T, rs1501299), which has been frequently
reported in association with obesity and cancer, including
sporadic BC (24, 25). In detail, the genotype rs1501299 GG
was associated with low levels of circulating adiponectin,
obesity, and sporadic BC, with an odds ratio (OR) of 1.8, 95%
confidence interval (95%CI)=1.14-2.85 (25).

The relation between BRCA-associated cancer and
adipokines is still not clear and the impact of the rs1501299 in
BRCA-mutant women is not known. A study on a small series
of patients suggested that adiponectin is associated with BMI
also in BRCA-mutant subjects (26). Furthermore, indirect
evidence for a relationship comes from studies analysing the
role of physical activity in BRCA1/2 mutation carriers. Physical
activity reduces body weight, IGF-I, and insulin resistance and
also affects the BC risk in BRCA-mutant women (8, 27, 28).
Recently, the Women In Steady Exercise Research (WISER)
Sister trial on healthy pre-menopausal women at high risk of
BC showed that exercise raised adiponectin and lowered leptin,
controlling for a change in body fat, suggesting the importance
of adipokines in BRCA penetrance (29). 

In a sample of BRCA-mutant women in a dietary
intervention trial to reduce serum levels of IGF-I and other
markers of insulin resistance (30, 31), we explored the role
of the baseline serum levels of adiponectin and leptin and
their relation with the SNP276G>T as possible modulators
of BRCA penetrance.

Materials and Methods 
Study design and patients. The multicenter dietary intervention trial
on BRCA-mutant women has been described elsewhere (30, 31).
Briefly, that study investigated whether an active dietary
intervention based on the ‘Mediterranean diet’ with moderate
protein restriction - mainly milk and animal protein, down to 10-
12% of total calorie intake - and recommendations for physical
activity significantly reduced IGF-I and other markers of insulin
resistance. Eligible study subjects were women, aged 18-70, with
or without a previous diagnosis of BC/OC, without metastases, who
underwent genetic counselling and fulfilled high-risk selection
criteria for genetic testing based on personal and/or family history,
and were found to be carriers of deleterious BRCA mutations. 

Among volunteers, all the 89 women recruited at the IRCCS
Istituto Tumori “Giovanni Paolo II” of Bari, from September 2017
to July 2019, agreed to be studied for their adipokine pattern and
SNP 276G>T and were included in the present analysis. The study
was approved by the local Ethics Committee and patients gave their
signed informed consent. At baseline, women attended a clinical
visit to obtain anthropometric and body composition measurements
and gave 20 ml of blood to measure leptin, adiponectin and evaluate
rs1501299. Clinical data related to the primary BC/OC were
obtained from the Institutional electronic database. 

Anthropometric and plicometric measurements. Height and body
weight were measured without shoes and heavy clothes using
diagnostic devices (Millennium 3 DAVI & CIA, Barcelona, Spain).
At the same time, waist and hip circumference (cm) were recorded
(professional meter BMI, GIMA, Gessate, Italy) according to
standard techniques. The World Health Organization (WHO)
definitions of obesity [body mass index (BMI)>30 kg/m2] and
overweight (BMI=25-29.9 kg/m2) were used. The percentages of fat
mass (FM) and free fat mass (FFM) were established using a FAT-
1 plicometer (GIMA) which measures the thickness of skin folds in
various districts and assesses the subject’s nutritional status and the
sectorial distribution of its adipose tissue. The Durnin-Womerslay
measurement of seven folds (bicipital, tricipital, axillary,
subscapular, abdominal, over-iliac and median thigh) was done (32,
33). The ideal weight of each patient was calculated using the
Lorenz formula which includes the following calculation: for men:
(height in cm -100) – (height in cm -150)/4. For women: (height in
cm -100) – (height in cm -150)/2. Blood pressure was measured
using an electronic sphygmomanometer.

Laboratory methods. Women gave 20 ml of blood. The samples
were aliquoted and stored at –80˚C. Adiponectin and leptin were
measured with enzyme–linked immunosorbent assays (ELISA) as
described in our previous article (34). Samples were run in
duplicate; the sensitivity of the ELISA for adiponectin ranged from
0.079-0.891 ng/ml and for leptin <7.8 pg/ml.

Polymorphism genotyping. Genomic DNA was extracted from
whole EDTA-blood using the Qiagen kit (QIAmp DNA Micro-Kit,
Hilden, Germany). Polymerase Chain Reaction (PCR) was
performed to establish, the presence of the rs1501299 (276G>T)
polymorphism using the following primers: forward outer: 5’-
CTGAGATGGACGGAGTCTT3-3’ and reverse outer 5’-
CCAAATCACTTCAGGTTGCTT 3’ (Applied Biosystems, Monza,
Italy); the final PCR mixture (20 μl) contained DNA (2 μl), 10xPCR
buffer (1.5 μl), 2 mM MgCl2 (1.5 μl), 10 mM dNTP (0.3 μl), 0.25
μl of each primer 1 U Taq DNA Polymerase (BIORAD, Milan,
Italy) and water. For amplification we used a thermocycler PCR
engine (BIORAD). The amplification products were visualized by
electrophoretic separation of DNA in a 2% agarose gel in a buffer
consisting of tris-base, acetic acid and EDTA brought to final
volume with distilled water and supplemented with ethidium
bromide. Each participant was classified as one of three genotypes:
GG, GT, TT. 

Statistical analysis. The parameters under study, tested for normality by
a graphic method, were normally distributed. BMI was defined as body
weight/height squared (BMI kg/m2). At baseline, the means of
continuous variables in women with a diagnosis of BRCA-associated
cancer were compared with the healthy women, using the Student’s t-
test. The frequencies of rs1501299 genotypes in the two groups (affected
and healthy women) were compared using a χ2 test. Genotypes were
first compared separately using a logistic regression model and
controlling for age. We used ANOVA to check for interactions between
the three independent variables (GG, GT, TT genotypes) on the
dependent variable (adipokines and the other factors). 

Crude ORs of cancer with their 95% CI were calculated for the
allele contrast, homozygote contrast, dominant genetic model and
recessive genetic model. Because genetic mutation is a non-
modifiable innate factor and we can follow-up a disease onset from
birth according to genetic or environmental factors, we analyzed
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differences in risk according to adipokines using a retrospective
analysis based on Cox’s regression. The follow-up started at birth
and ended at the age of diagnosis of the first cancer. Healthy women
were censored at their age at examinations. A p-value <0.05 was
considered significant. All statistical tests were two-sided. Analyses
were performed using graphic PRISM Version 5.00 software and
STATA 14 statistical package. 

Results

Baseline characteristics of the study population are reported
in Table I. Among the 89 BRCA-mutant women (aged
48.0±11.3 years) in the present analyses, the BRCA1
mutation was the most represented (64%); 61.8% of women
were under the menopause with only 22.5% under natural
menopause. The distribution of the rs1501299 genotypes was
GG 40.5%, GT 33.7% and TT 25.8%. In all, 53 women had
a previous diagnosis of BC/OC and 36 were unaffected;
among the former, 40 (75.5%) had a diagnosis of BC, 12 of
OC (22.6%) and 1 (1.9%) had both. Among BC women, the

infiltrating duct was the predominant histological type and
42.4% had ER negative tumors. 

Table II reports the distribution of anthropometric
parameters, the adipokines and the rs1501299 genotypes in
the affected and healthy BRCA-mutant women. Women with
cancer had substantially worse anthropometric and body
composition measurements than healthy women, with a
significantly higher percentage of FM, a significantly lower
percentage of FFM, and significantly lower levels of
adiponectin. The distribution of genotypes according to the
previous disease status showed GG 32.1%, GT 41.5% TT
26.4% in cancer patients and GG 52.8%, GT 22.2% and TT
25.0% in the healthy ones (p of χ2 test=0.10) (Table II).
Controlling for age, we found significant interactions with
the disease status only for adiponectin (p<0.01). 

Table III reports the distribution of the tertiles of
adipokines and FM in the affected and healthy women,
stratified by rs1501299 genotypes. Affected women with TT
had significantly lower levels of adiponectin and significantly
higher levels of leptin than GT and GG. Healthy women with
TT had significantly higher levels of leptin and a higher
percentage of FM than GT and GG. Controlling for age, only
adiponectin and leptin remained significantly associated with
TT in the women with cancer. We did not detect any other
significant differences in anthropometric and body
composition parameters (data not shown). 

The association of polymorphism rs1501299 with the
disease status was analyzed by a logistic regression, initially
considering four genetic models (allele, homozygote,
dominant, recessive). The association of rs1501299 with
cancer was not significant in any of the four models.
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Table I. Baseline characteristics of the study population (89 women).

Variables*                                                                          Women
                                                                                           (N=89)

Age (yrs)                                                                         48.0±11.3
  Menarche (yrs)                                                              12.4±1.4
  Age at first live birth (yrs)                                            27.9±5.0
BRCA mutation (%)
  BRCA1                                                                                64.0
  BRCA2                                                                                30.4
  BRCA1/2                                                                              5.6
Education (%)
  Primary                                                                              28.1
  Secondary                                                                          37.8
  Higher                                                                                37.3
Pregnancy (Yes) (%)                                                           69.0
Number of children (%) 
  ≤2                                                                                       74.5
  >2                                                                                       25.5
Menopause (%)                                                                    61.8
Natural menopause (%)                                                       22.5
Oral contraceptive use (%)                                                  51.9
Smoking in the past (%)                                                      28.1
Genotype (%)  
  GG                                                                                     40.5
  GT                                                                                      33.7
  TT                                                                                       25.8
Tumor site (%)
  Breast                                                                                 75.5
  Ovary                                                                                  22.6
  Breast & Ovary                                                                    1.9
Infiltrating duct breast cancer (%)                                      94.3
ER-negative (%)                                                                   42.4
Axillary node metastasis (%)                                             29.0

*Mean+standard deviation (SD) for continuous variables. 

Table II. Anthropometric parameters, adipokines and genotypes in
affected and healthy BRCA-mutant women.

                                                    Affected               Healthy         p-Value*
                                                       (53)                     (36)

Waist circumferences (cm)       78.9±10.9            74.7±11.2           0.08
Weight (g)                                 65.2±12.3            63.6±12.5           0.54
BMI (kg/m2)                              24.8±4.0              24.0±4.8            0.44
Fat mass (%)                              37.5±5.2              33.9±5.7          <0.01
Free fat mass (%)                       62.4±5.2              65.8±5.6          <0.01
Abdominal plica (mm)              24.0±7.3              21.4±7.7            0.10
Tricipital plica (mm)                 25.8±6.7              23.9±7.4            0.22
Subscapular plica (mm)             22.2±8.2              19.5±7.0            0.11
Adiponectin (ng/ml)               8676.6±4524.1   12198.6±6777.5    <0.01
Leptin (pg/ml)                           17.1±13.3             14.5±9.7            0.32
Genotype (%)
  GG                                               32.1                     52.8
  GT                                                41.5                     22.2
  TT                                                26.4                     25.0                0.10

*t-test p for continuous variables and χ2 test for frequencies. Bold
values show significance.



Therefore, given the absence of a reference model, we
evaluated the association of each genotype with the risk of
disease. The GT genotype was the only one significantly
associated with the disease status, with an adjusted OR=3.24,
95%CI=1.03-10.17.

We used a Cox’s regression model to assess the relation
between the adipokines and BRCA-associated cancer risk,
including as covariates rs1501299, age (tertiles) and FM
(tertiles) (Table IV). Compared to women in the higher tertile
of serum adiponectin, women in the lower tertile had a RR
of BRCA-associated cancer of 2.80, 95%CI=1.1-7.1 (p for
trend=0.03). The same model did not suggest any significant
risk association with the GT genotype (RR=1.58, 95%CI=0.8-
3.1). Tertiles of serum leptin were not significantly associated
with the risk of BRCA-associated cancer. 

Discussion

This analysis of BRCA-mutant women suggests that lower
serum levels of adiponectin are significantly associated with
the risk of BRCA-associated cancer. When we studied the
association between the rs1501299 and serum levels of
adipokines, the T allele emerged as significantly associated
with lower serum levels of adiponectin in women with a
previous diagnosis of cancer compared to healthy ones,
suggesting that the T allele might be associated with cancer
occurrence. Evaluating the association of each polymorphism
genotype with the risk of disease, GT was significantly
associated with the OR of cancer in BRCA-mutant women. 
A recent meta-analysis confirmed an inverse relation between
adiponectin and cancer risk while high leptin was associated
with a significantly higher risk (18). Among cancers, BC,

colorectal cancer and endometrial cancer were inversely related
with adiponectin. Our data are the first to suggest that
circulating adiponectin affects the risk of cancer also in BRCA-
mutant women, without, however, finding a clear relationship
with leptin (about 20% higher risk comparing the higher and
the lower tertiles, but without any significant results). 

Adiponectin exerts several physiological effects involving
different cell pathways and producing various biological
results such as modulation of inflammatory responses, of
lipid and glucose metabolism, function of vascular
endothelial cell adhesion molecules, and characteristics of
extracellular matrix components, but until now there was
little information on adipokines and cellular BRCA-mediated
pathways. BRCA proteins are known to play protective roles
against the carcinogenic effects of estradiol (35). Therefore,
since inflammatory adiponectin influences the sex hormone
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Table III. Tertiles of adipokines and FM in the affected and healthy women, stratified by polymorphism rs1501299 genotypes.

                                                                            Affected (%)                                                                                   Healthy (%)

                                             GG              GT              TT           p-Value*           p-Value**          GG            GT             TT           p-Value           p-Value*

Adiponectin (ng/ml)
900-7100                             29.4             22.7            71.4                                                             15.8            50             44.4
7001-12200                         35.3             59.1            14.3                                                             36.8             0              11.2
12201-25400                       35.3             18.2            14.3             0.02                   0.02              47.4            50             44.4             0.13                 0.24

Leptin (pg/ml)
3.5-10.2                               47.1             13.6            28.6                                                             52.6           25.0           33.3
10.5-16.2                             35.3             45.5            14.3                                                             26.3           75.0           11.1
17.2-85.1                             17.6             40.9            57.1             0.05                   0.04              21.1             0              55.6             0.01                 0.14

Fat mass (%)                           
21.4-33.8                             23.5             22.7            28.6                                                             52.6           62.5           33.3
34.7-39.9                             47.1             31.8            28.6                                                             47.4           25.0           11.1
40.0-45.8                             29.1             45.5            42.8             0.79                   0.47                 0             12.5           55.6             0.01                 0.11

*p for χ2 test. **p for ANOVA, controlling for age. Bold values show significance.

Table IV. RR for BRCA-associated cancer by serum levels of adipokines. 

SNP rs1501299                                      RR*                           p for trend

Adiponectin (ng/ml)
12201-25400                                          1.00
7001-12200                                    2.55 (1.2-5.6)
900-7100                                        2.80 (1.1-7.1)                         0.03

Leptin (pg/ml)
3.5-10.2                                                  1.00
10.5-16.2                                        0.90 (0.4-1.9)
17.2-85.1                                        1.69 (0.5-2.5)                         0.84

*Adjusted for age (tertiles), genotypes and FM (tertiles). Bold value
shows significance.



mechanism of tumorigenesis via stimulation of estrogen
production by aromatase, this effect might be important in
BRCA-mutant women (36). Furthermore, BRCA-proteins are
involved in DNA-repair mechanisms (37). Therefore, the
secretion of pro-inflammatory cytokines mediated by
adiponectin additively provokes mitochondrial and DNA
damage thus affecting cancer risk in BRCA-mutant women
(36). The present data support the idea that bio-molecular
pathways associated with BRCA genes (i.e. DNA repair,
estrogen response) and fat hormone metabolism might be
directly related. 

Data on the impact of the SNP rs1501299 on adiponectin
levels are controversial and results tend to differ on the basis
of the population under study and/or the disease status. In a
healthy Italian population, Menzaghi et al. showed that the G
allele (276G>T) was associated with higher body weight,
waist circumference, insulin resistance and lower levels of
adiponectin (38). Conversely, in an Italian population of
patients with cardiovascular diseases the presence of the T
allele was significantly associated with lower levels of
circulating adiponectin. The same study, comparing cases and
controls for their rs1501299 genotypes, suggested that TT+GT
significantly increased the risk of cardiovascular disease (39).
A meta-analysis on cancer patients has shown that the T allele
is associated with significant cancer protection (25). Then, in
a Japanese population, Kaklamani et al. showed that the G
allele was significantly associated with an increased risk of
BC, and explained this with the lower levels of circulating
adiponectin in GG subjects (24). All these controversial results
about genotypes suggest that these variants are markers of one
or more haplotypes containing a causal polymorphism
affecting plasma adiponectin levels.

The role of rs1501299 in BRCA-mutant women is
substantially unknown. In our population of BRCA-mutant
women the rs1501299 TT was associated with significantly
higher FM than the GG only in healthy women, independently
from circulating adiponectin. Conversely, in the affected
women, the rs1501299 TT was associated with significantly
lower levels of adiponectin than the GG, independently from
the percentage of FM. The low level of adiponectin has
usually been interpreted as the consequence of increased
adiposity and/or obesity. Our findings are important because
they suggest that the hypo-adiponectinemia is primarily due
to the rs1501299 TT genotype in BRCA-mutation carriers, and
lower levels of adiponectin - which have a stronger genetic
effect on the etiology of cancer in these women - precede the
onset of obesity. 

There are several limitations to this study. First of all, the
serum levels of adipokines might be affected by cancer
treatment and/or dietary habits in the years before trial entry.
Hormonal treatments after cancer, for example, might worsen
women’s body composition and metabolism, thus generating
a temporal bias and causing overestimation of the association

between adiponectin and disease. However, adiponectin levels
have a strong genetic component and its association with
rs1501299 is not affected by the retrospective design.

Another limitation is the small number of women in the
study. However, we are now extending adiponectin
measurements and SNP276G>T evaluation to the whole
population of the trial in order to confirm these results in a
larger series. 

BRCA-mutant women often inquire about less invasive,
non-surgical options to reduce their lifetime risk of cancer,
including dietary and physical activity recommendations, and
physicians need to be able to give them evidence-based
answers regarding their lifestyle choices, especially for those
who opt not to undergo surgery or chemoprevention. In
addition to the genetic component, dietary factors may
influence adiponectin levels. Diets low in glycemic load and
rich in whole-grain and dietary fiber have been associated
with adiponectin levels (40, 41). Other studies showed that
diets high in unsaturated fat and low in carbohydrates might
raise adiponectin levels (42, 43). 

Since our results showed lower adiponectin levels in
BRCA-mutant women with SNP 276G>T, lifestyle
intervention (diet and physical activity) to increase
adiponectin levels might be strongly recommended in the
presence of the T allele. Therefore, we now intend to repeat
adiponectin evaluation at the end of the dietary intervention
in order to test whether diet might be a useful primary
prevention option in BRCA-mutant women, especially those
with SNP 276G>T.
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