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ABSTRACT

ÖZ

Introduction: To date, biomarkers have played a minimal role
in the early diagnosis of breast cancer. Although its effects
on metabolism are not well known, studies have shown that
hypoadiponectinaemia is associated with increased insulin
resistance and risk for type-2 diabetes. We aimed to investigate
the value of adiponectin together with laboratory results,
anthropometric measurements and histopathological findings
in assessing the risk of breast cancer and for use in early
diagnosis.

Amaç: Meme kanseri erken tanısında, serum biyomarker
düzeyleri kullanımı sınırlı kalmaktadır. Metabolizması
tam olarak bilinmese de, hipoadiponektinemi ile artmış
insülin direnci ve tip II diyabet riski arasında ilişkili olduğu
gösterilmiştir. Bu çalışmada, serum adiponektin düzeylerinin
antropometrik ölçümler ve diğer laboratuvar bulgularıyla
birlikte meme kanseri tanısındaki klinik yararını araştırmayı
amaçladık.
Yöntemler: Çalışmamızda 22-82 yaş arası kadınlarda meme
kanseri hastası (N=59) ve kontrol grubunu oluşturan sağlıklı
bireylerden (N=47) alınan kan örneklerinde adiponektin,
lipidler, açlık kan şekeri ve insülin düzeyleri ölçüldü ve insülin
direnci için homeostatik model değerlendirmesi (HOMA-IR),
vücut kitle indeksi hesaplandı. Histopatolojik veriler hasta
dosyalarından elde edildi. Anamnez, folikül uyarıcı hormon ve
luteinleştirici hormon düzeylerine göre hastalar premenapoz
ve postmenapoz olarak sınıflandırıldı.
Bulgular: Sonuçlarda, meme kanseri hastalarının adiponektin
ve HOMA-IR düzeyleri ile kontrol grubununkiler arasında
anlamlı fark görülmüştür. Ayrıca postmenopozal hastaların
serum adiponektin düzeyleri kontrollere göre anlamlı düşük
bulunmuştur (p=0,03).
Sonuç: Aynı zamanda, 4,46 mg/L altındaki serum adiponektin
düzeyleri, postmenopozal meme kanserine spesifite
göstermektedir (eğri altındaki alan =%70). Ancak, Cerb-B2
ekspresyonu adiponektin ile korele bulunmamıştır. Bu
sonuçlara göre, daha çok örnekle özellikle postmenopozal
grupta yapılacak çalışmalar, adiponektinin erken tanıda daha
yüksek hassasiyete sahip olduğunu ortaya çıkarabilir ve bu
amaçla kullanılmasını destekleyecek sonuçlar verebilir.
Anahtar Kelimeler: Adiponektin, insülin direnci, meme
kanserinde erken tanı, vücut kitle indeksi, lipidler

Methods: In this study, serum samples were obtained from
59 recently diagnosed breast cancer patients and 47 cancerfree controls aged between 22 and 82 years to assay serum
adiponectin, lipids, fasting blood glucose and insulin;
homeostatic model assessment for insulin resistance (HOMA-IR)
and body mass index were calculated using the anthropometric
measurements. Histopathologic findings were extracted from
the patients’ files.
Results: Our results revealed that adiponectin serum levels and
HOMA-IR values were significantly different between patients
and controls. In addition, serum adiponectin levels were lower
in postmenopausal breast cancer patients compared to the
controls (p=0.03).
Conclusion: In fact, a serum adiponectin level below 4.46 mg/L
may be in favour of postmenopausal breast cancer (area under
the curve =70%). However, Cerb-B2 expression in patients did
not correlate with serum adiponectin levels. These findings
have implications for further research on adiponectin as well
as the in early diagnosis of postmenopausal breast cancer with
possibly higher test sensitivity.
Keywords: Adiponectin, insulin resistance, early diagnosis of
breast cancer, body mass index, serum lipids
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Introduction
Breast cancer is the most common type of cancer among women. It
is estimated that over 627,000 women died of breast cancer in 2018
worldwide (1). Also, the incidence rates vary greatly worldwide (2).
Danaei et al. (3) calculated the contribution of modifiable risk factors
for breast cancer and concluded that 21% of all breast cancer deaths are
attributable to obesity/overweight and physical inactivity together with
alcohol use.
Adiponectin, a 30kD peptide discovered in 1995 by Scherer et al. (4), is
secreted in adipose tissue. It is found in lower levels in patients diagnosed
with obesity-associated cancers and its synthesis is inhibited in obese
subjects. Plasma adiponectin concentrations are inversely correlated
with body mass index (BMI) (5). Adiponectin has insulin-sensitising, antiinflammatory, anti-atherogenic, anti-neoplastic and cardioprotective
effects (6). It has been shown to inhibit the proliferation of several
cancer-derived cells including breast, endometrium, prostate and
colorectal cancer. Surprisingly, it exhibits both pro and anti-angiogenic
characteristics. Adiponectin acts indirectly by modulating insulin
sensitivity in the breast epithelium, influencing tumour angiogenesis
and regulating the inflammatory responses (6).
Hypoadiponectinaemia, which is the result of both genetic and/
or environmental factors, is associated with several disorders like
insulin resistance, diabetes mellitus type-2, hypertension and several
malignancies (7). Specifically, low adiponectin levels promote fatty acid
and protein synthesis, as well as cell growth and proliferation (8).
Most studies showed significantly low adiponectin levels in breast cancer
patients compared to healthy controls. While some of these studies
found no relationship at all, others found even higher adiponectin
levels in patients compared to controls. On the other hand, a study by
Karaduman et al. (9), showed significantly higher levels of adiponectin
in breast tumour tissue compared to the control group. There is evidence
that a higher ratio of leptin, another adipokin, to adiponectin may be a
sign of the presence of aggressive breast cancers (10).
The objective of this study was to assess serum levels of adiponectin
in breast cancer patients and healthy controls with respect to the
menopausal status and indicators of obesity, BMI and interventional
radiology. We also aimed to investigate the relationship between serum
adiponectin levels and histopathological tissue Cerb-B2 receptor status.

Methods
This study was conducted in compliance with the Good Clinical Practice
guidelines and the ethical principles stated in the Declaration of
Helsinki, and was approved by the Ethical Committee of University of
Health Sciences Turkey, İstanbul Training and Research Hospital under
report numbered 469. Sixty-eight women with signs of breast cancer
who had been treated in the Surgery Department of University of Health
Sciences Turkey, İstanbul Training and Research Hospital between
February 2012 and February 2013 were enrolled into our study. All the
patients gave written consent to participate in the study. Nine of them
were excluded either because they were misdiagnosed or laboratory
results were inconsistent. Breast cancer diagnosis was based on biopsy

356

results. Serum samples after 8 hours of fasting had been obtained from
the patients during their stay in the hospital. Demographic data of the
patients were obtained from the patients’ file. Weight, height and waist
circumference were measured at the time of blood withdrawal. Blood
tests ordered by the physician were ran and serum samples were later
stored at -80°C.
Forty-seven healthy women, without known breast cancer confirmed by
mammo-ultrasonography, comprised our control group. Serum samples
were collected in the ambulatory clinic and later frozen until analysis.
Exclusion criteria for the patient group were as follows:
1. Patients already diagnosed with malignant disease other than
breast cancer
2. Patients who received any form of cancer therapy (surgery,
radiotherapy, chemotherapy)
3. Biopsy result rejected the diagnosis of breast cancer
A total of 59 patient and 47 control samples were defrosted and in turn
ran using the Human Adiponectin ELISA (Hangzhou Eastbiopharm Co.
Ltd.) on June the same year (Cat. No: CK-E10871). Reference ranges for
women were defined as 2-30 mg/L, with an analytical range of 0.260 mg/L and LoD of 0.11 mg/L. Insulin levels were measured by the
ECLIA method using DXI 800 (Beckman-Coulter Inc., USA). Fasting serum
glucose (FSG), total cholesterol, triglyceride, high density lipoproteincholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) levels
were measured by photometric method using commercial reagents
on AU 2700 (Beckman-Coulter Inc., USA). Menopausal statuses of the
patients were determined by combining the data of age at diagnosis,
FSH and luteinizing hormone measurements or menstruation history in
the patient records.
Insulin resistance was calculated as homeostatic model assessment for
insulin Resistance (HOMA-IR) using formula:
Glucose (mg/dL) × Insulin (mU/L)
HOMA-IR= ------------------------------------------------405
				
BMI was calculated based on the following formula: bodyweight in
kilograms divided by height in metres squared.
CerbB2 immunostaining pattern was noted as a score of 0, 1, 2 and 3;
cases with score 0 and 1 were accepted as negative for overexpression.
Cases with score 3 alone and score 2, but with verified positivity for
overexpression by an in situ hybridisation method were accepted as
positive.
Statistical Analysis
Statistical data was analysed using SPSS 15.0 for Windows. For comparing
two independent groups, Student t-test was used for normally
distributed variables and Mann-Whitney U for non-Gaussian distributed
variables. For comparing more than two independent groups, One-Way
ANOVA test was used for normally distributed variables and KruskalWallis test for non-Gaussian variables. Sub-group analyses were
performed using Tukey’s test for parametric and Mann-Whitney U test
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for non-parametric tests and Bonferroni correction was implemented.
The Spearman Correlation method was used for non-parametric tests.
Factors that increase the risk for breast cancer were evaluated using
Logistic Regression Forward method. For all comparisons, a level of
p<0.05 was considered statistically significant.

Results
Demographic and laboratory data were compared in Table 1.
Adiponectin but not HOMA-IR was found to be significantly lower in the
patient group compared to the control group (p=0.020; Table 1, Figures
1,2). Neither HOMA-IR nor adiponectin proved to be correlated with any
of the parameters shown on Table 2 in the patient and control groups
(p=0.061, p=0.468). HOMA-IR was positively correlated with FSG, insulin
and BMI in the patient group and age, FSG, insulin, triglyceride and BMI
in the control group (Table 2).

and BMI values. In the patient group, BMI was significantly higher in
the postmenopausal group compared to the premenopausal group
(p=0.008; Figure 3, Table 3).

Discussion
Current research on breast cancer, mainly focuses on early diagnosis,
treatment and detection of relapses. Early diagnosis in breast cancer is
life-saving and significant for public health.

Adiponectin was significantly lower in the premenopausal group
compared to the postmenopausal group (p=0.015). We evaluated the
groups with respect to the menopausal status, comparing adiponectin
Table 1. Demographic information and biochemical parameters of
the patient and control groups
Patients (n=59)

Controls (n=47)

Mean ± SD

Mean ± SD

p

Age (year)

52.49±13.81

49.91±9.76

0.267

BMI (kg/m2)

27.92±5.45

28.46±4.45

0.277

FSG (mg/dL)

110.81±43.42

94.0±8.98

0.096

Insulin(mU/L)

7.02±5.11

9.21±5.27

0.008

Total cholesterol (mg/dL)

209.75±43.77

220.91±47.84

0.214

Triglyceride (mg/dL)

131.36±74.75

120.49±50.75

0.834

HDL-C (mg/dL)

53.32±15.76

59.84±14.88

0.023

LDL-C (mg/dL)

131.64±40.72

136.89±39.82

0.288

Adiponectin (mg/L)
HOMA-IR

5.18±2.61
1.99±1.72

6.45±3.94
2.17±1.32

Figure 2. Plot graph showing distribution of HOMA-IR values Npatients=59;
Ncontrols=47
HOMA-IR: Homeostatic model assessment for insulin resistance, CI: confidence interval

Table 2. Correlation of studied parameters with adiponectin and
HOMA-IR values in the patient and control groups
HOMAIR

r

p

r

p

0.020

HOMA-IR

0.245

0.061

-

-

0.131

Age (year)

0.139

0.292

0.085

0.523

FSG (mg/dL)

0.206

0.117

0.497

<0.001

Insulin (mU/L)

0.227

0.084

0.945

<0.001

T. cholesterol (mg/dL)

-0.020

0.883

-0.023

0.865

Triglyceride (mg/dL)

0.097

0.465

0.116

0.381

HDL-C (mg/dL)

0.020

0.883

-0.004

0.973

LDL-C (mg/dL)

-0.021

0.877

-0.049

0.712

BMI (kg/m )

0.075

0.573

0.265

0.043

HOMA-IR

-0.111

0.468

-

-

Age (year)

0.163

0.284

0.329

0.027

FSG (mg/dL)

0.073

0.635

0.411

0.005

Insulin (mU/L)

-0.147

0.334

0.977

<0.001

T. cholesterol (mg/dL)

0.166

0.275

0.061

0.690

Triglyceride (mg/dL)

0.031

0.839

0.441

0.002

HDL-C (mg/dL)

0.046

0.765

-0.175

0.249

LDL-C (mg/dL)

0.252

0.095

-0.101

0.509

BMI (kg/m2)

0.046

0.764

0.470

0.001

FSG: Fasting serum glucose, BMI: body mass index, HDL-C: high density lipoproteincholesterol, LDL-C: low density lipoprotein-cholesterol, HOMA-IR: homeostatic model
assessment for insulin resistance, SD: standard deviation

Patients
(n=59)

2

Control
(n=47)

Figure 1. Plot graph showing distribution of serum adiponectin levels
through sub-groups according to menapausal status, Npatients=59; Ncontrols=47
CI: Confidence interval

Adiponectin

T.cholesterol: Total cholesterol, FSG: fasting serum glucose, BMI: body mass index,
HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol,
HOMA-IR: homeostatic model assessment for insulin resistance
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Adiponectin but not HOMA-IR was found to be lower in the patients
compared to controls (p=0.020; Table 1). This finding has actually been
proven in several studies up-to-today (11-13), and was a result that we
expected.
Previous studies have shown that BMI values are associated with
postmenopausal breast cancer risk. In fact, Ahn et al. (14) hypothesised
that weight gain during the adult life is associated with increased risk for
postmenopausal breast cancer. More recent studies have also shown a
significant increase in breast cancer risk after weight gain (15), especially
in postmenopausal women (16,17). In our study; however, we found no
significantly high BMI values in the postmenopausal patients compared
to controls (p=0.822; Table 3).
Triglyceride levels in the controls seem to be correlated with HOMA-IR;
however, in the patient group they were discordant. HOMA-IR was well
correlated with BMI in both groups (Tables 2, 4).
There was a prominent difference in BMI values between the preand postmenopausal groups, which may result from the significant
difference in age between these groups (Table 3).

of obesity, is well documented (6,13). Low levels of serum adiponectin
and increased insulin resistance together with increased BMI have
already been shown in breast cancer patients in some studies (13,20,21).
However, none of the parameters investigated in our study including
BMI and HOMA-IR was found to be correlated with adiponectin (Table 4).
Körner et al. (12) have also concluded that adiponectin levels in breast
cancer patients were lower irrespective of age, BMI, parity, insulin or
family history. When we specifically consider the postmenopausal group,
adiponectin levels were lower in the patients. In fact, in this group, we
found that lower serum adiponectin and higher age are risk factors for
postmenopausal breast cancer (Table 5).
Another surprising result in the postmenopausal group was that HOMAIR values were significantly lower in the patients (p=0.016; Table 5).
In a review of a prospective study conducted by Endogenous Hormones
and Breast cancer Collaborative Group (Key et al.) (22), relative risk (RR)
for breast cancer was calculated in postmenopausal women with respect
Table 3. Comparing p values of adiponectin and body mass index
values with respect to the sub-groups

Studies show some disorders associated with adiponectin such as
obesity and insulin resistance (13,18,19). BMI, used widely as a measure
Adiponectin (mg/L)

Premenopausal
patient

Postmenopausal
patient

Figure 3. Plot graph of BMI values, Npatients=59; Ncontrols=47
BMI: Body mass index, CI: confidence interval

Premenopausal
control

Premenopausal
(n=52)

Postmenopausal
(n=54)

4.91±2.09

6.49±3.99

0.015

Adiponectin

BMI

p

p

Postmenopausal
patient

0.642

0.008

Premenopausal
control

0.830

0.358

Postmenopausal
control

0.006

0.015

Premenopausal
control

0.997

0.329

Postmenopausal
control

0.143

0.822

Postmenopausal
control

0.147

0.115

BMI: Body mass index

Table 4. Correlation of adiponectin with body mass index in the postmenopausal group
Correlations

BMI

Spearman’s rho

IR

Adiponectin

BMI

IR

Adiponectin

Correlation coefficient

1.000

0.421**

0.010

Sig. (2-tailed)

-

0.003

0.945

N

48

48

48

Correlation coefficient

0.421**

1.000

0.037

Sig. (2-tailed)

0.003

-

0.804

N

48

48

48

Correlation coefficient

0.010

0.037

1.000

Sig. (2-tailed)

0.945

0.804

-

N

48

48

48

**: Correlation is significant at the 0.01 level (2-tailed), BMI: body mass index, IR: interventional radiology, Sig.: significance
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to BMI tertiles. In addition to oestradiol, some other steroid hormones
and sex hormone binding globulin (SHBG) have also been assayed
(23). Calculating RR adjusting for the results of these tests yielded less
significant increased risk in the high-BMI group. This raises the idea that
oestrogens might play a major role in postmenopausal breast cancer
risk rather than obesity.

A review on use of adiponectin as a routine clinical biomarker, suggests
that hypoadiponectinemia, a serum level of <4 mg/L, is associated with
several diseases including postmenopausal breast cancer, although
not specifically (19). A recent meta-analysis concludes that pre and
postmenopausal breast cancer patients have significantly lower serum
adiponectin levels compared to controls and that adiponectin may serve
as a biomarker of breast cancer risk and help to identify subjects at high
risk for breast cancer development (25).

To investigate the difference in adiponectin serum levels between
patients and controls, we set three intervals for adiponectin
concentration to see if there was a significant trend toward patients
in the low adiponectin group. However, this did not yield a significant
difference between the groups (Table 6; p<0.325).

We found no significant difference in triglyceride levels between the
patient and control groups, which is in line with the results of a recent
meta-analysis (26). A cohort study of 3537 cases showed relatively lower
HDL-C, LDL-C and total cholesterol levels in breast cancer patients with
age stratification. LDL-C and total cholesterol levels were still lower in
the patient group compared to the controls (27). In our study, HDL-C
levels were lower in the patient group compared to the controls.
However LDL-C levels did not show a significant difference.

Histopathologic Cerb-B2 expression in breast cancer patients was not
associated with serum adiponectin-to-BMI ratio. Cubukcu et al. (24)
found no associations between adiponectin histochemical expression
and prognosis. Karaduman et al. (9) also conducted similar research with
tissue adiponectin levels to find similar results in Turkish population.
Our results are one of the very few of its kind in a Turkish population
(Table 7).

A drawback of our study was that it lacked serum levels of oestradiol,
SHBG and other steroid hormones. For this reason, it is challenging to
tell if the increase in breast cancer risk associated with increasing BMI
values was a result of the oestradiol levels.

For the postmenopausal group, the difference in adiponectin levels
between patients and controls was more significant. Therefore, we
calculated the area under the curve (AUC) for breast cancer risk and
adiponectin levels; a concentration below 4.46 mg/L had 70% AUC, 80%
specificity and 52% sensitivity for breast cancer. We wanted this test to
have a high sensitivity at maximum AUC. However, it was quite low. This
is only a preliminary model and we believe that this study could provide
more reliable outcome for clinical use if it will be repeated with higher
number of samples (Figure 4).

The second drawback of the study was the lack of parity data. Increased
parity has been reported to be associated with increased breast
cancer risk. We also did not collected data on age at menarche, age
at menopause and age at first labour. Finally, the difference in age
between postmenopausal patients and controls might be a reason for
the significant difference in adiponectin (Table 5).

Table 5. Mann-Whitney U test of the mean values in the postmenopausal group. Npatients=23; Ncontrols=25
BMI

Age

TG

TC

HDL

LDL

FSG

HOMA-IR

Adiponectin

Z

-0.341

-4.163

-0.898

-0.237

-1.239

-0.527

-1.591

-2.404

-2.322

p

0.733

0.000

0.369

0.812

0.215

0.599

0.112

0.016

0.020

0.843

0.755

(0.49-1.44)

(0.59-0.97)

-

-

OR

-

1.206 (1.07-1.35)

-

-

-

-

-

-

<0.001

-

-

-

-

-

TC: Total cholesterol, FSG: fasting serum glucose, BMI: body mass index, HDL: high density lipoprotein, LDL: low density lipoprotein, HOMA-IR: homeostatic model assessment for insulin
resistance, OR: odds ratio, TG: triglyceride

Table 6. Distribution of the patient and control groups by adiponectin levels
Group
Patient

Adiponectin

Control

n

% of row

n

% of row

p

3-5.9 mg/L

45

57.0

34

43.0

0.325

6-8.9

8

72.7

3

27.3

-

9 and above

6

42.9

8

57.1

-

Table 7. Comparison of serum adiponectin/body mass index (mg • m2/ kg • L) levels in sub-groups of breast cancer classified according to
histopathological examination of CerbB2 immunostaining pattern, Npatients=52
Adiponectin/BMI (mg • m2/kg • L)

CerbB2 negative (N=42)

CerbB2 positive (N=10)

p

0.149 (0.127-0.210)

0.174 (0.138-0.250)

0.390

BMI: Body mass index
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