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ABSTRACT
INTRODUCTION:  Obesity is one of the most serious public health problem worldwide. Adipose tissue synthetize 
and secrete many growth factors and several cytokines known as adipokines. Studies demonstrated changes 
in the levels of these adipokines in many types of cancer associated with obesity. 
In this study, we aimed to evaluate the possible relationship between adiponectin and leptin levels with pancreas 
cancer and disease stage, representative of Turkish population.
MATERIALS AND METHODS:  The study was conducted between April 2012 – November 2013. Study included 
46 patients – 46 control subjects, who had pancreatic carcinoma. Results between the patients and the control 
group and relationship between the disease stage and results were evaluated. 
RESULTS:  The comparison of preoperative adiponectin and leptin levels of the study group with the levels of 
the control group showed that there was no correlation with adiponectin and pancreas cancer. In contrast, leptin 
levels in the study group were signifi cantly lower than in the control group. There was no correlation between 
the disease stage and adiponectin and leptin levels. 
CONCLUSION:  There was a signifi cant correlation between low leptin levels and pancreatic cancer, while 
adiponectin had no correlation. Differential diagnosis of pancreas cancer can be made by evaluating low leptin 
levels with elevated tumor markers (Tab. 3, Ref. 17). Text in PDF www.elis.sk.
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Introduction

Obesity is one of the most serious public health problem in 
both developed and developing countries throughout the world. 
The prevalence has increased dramatically in recent years and 
has even become endemic in some communities. Similarly, can-
cer is the leading cause of death in developed countries, while in 
developing countries it is the second most frequent. Studies that 
showed the relationship between these two leading health problems 
are increasing in number and their results revealed strong epide-
miologic and molecular evidences that obesity is a risk factor in 
development of many cancer types.

Most of the research about the relationship between obesity 
and cancer is based on the fact, that adipose tissue is an endocrine 
organ. During obesity, adipose tissue mass in the body increases. 
Adipose tissue synthetize and secrete many growth factors and 
several cytokines known as adipokines. Adipokines are mainly 
produced by white adipose tissue, pre-adipocytes and mature 
adipocytes. It has been shown that many adipokines modify the 
metabolic cellular functions in rodents and humans.

Leptin and adiponectin, which are the signifi cant members 
of the adipokine family, might play important roles in the patho-

genesis of obesity-related cancers. The studies referred that chang-
ing leptin and adiponectin levels is associated with various types 
of cancer of the gastrointestinal tract. Experimental studies de-
monstrated that both have signifi cant effects on cell proliferation, 
apoptosis, cell invasion and angiogenesis. Based on these effects, 
studies showed that in many types of cancer, particularly colorec-
tal, breast and prostate, the levels of these cytokines differ from 
normal individuals and even molecular mechanism of this effect 
has been understood in many cancer types.

Pancreatic cancer is one of the deadliest type of cancer in 
adults. Many patients are in advanced stage at the time of diagno-
sis. Greatest dilemma of the disease is the non-specifi c symptoms 
that can be kept confi dential for many years. A diagnostic test with 
high sensitivity and specifi city for early diagnosis has not yet been 
established. Increased body mass has been shown as a risk factor 
for pancreatic cancer in epidemiological studies. In the light of 
this information, the relationship between, adipokines secreted 
by adipose tissue and pancreatic cancer started to be questioned. 
In many studies performed, adiponectin blood levels indicated a 
negative correlation, while leptin levels showed a positive cor-
relation with obesity-related cancers. These correlations were 
confi rmed in many studies considering body mass index (BMI) 
and insulin resistance.

In this study, we aimed to determine the blood levels of adipo-
nectin and leptin in patients with pancreatic cancer and evaluated 
the possible relationship between the results and disease stage 
representative of Turkish population.
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Materials and methods

After literature review and preliminary investigations were 
made, the research project was prepared and submitted to the ethi-
cal committee of Ankara Yuksek Ihtisas Hospital, Turkey, where 
the study was performed. The study started in April 2012 after the 
approval was obtained. 

Study group
Between April 2012 and November 2013, fi les of pancreatic 

cancer patients, who were newly diagnosed and prepared for sur-
gery in the Department of Gastroenterology Surgery, Ankara Yuk-
sek Ihtisas Hospital were reviewed. Patients with history of dif-
ferent malignancies, or pancreatic endocrine tumors and patients, 
who received neoadjuvant therapy were excluded from the study. 
Totally, 72 patients, who met these criteria, were evaluated. Data 
about age, gender, BMI, preoperative carbohydrate antigen 19-9 
(CA 19-9) and carcinoembryonic antigen (CEA) levels, smoking 
and alcohol history, weight loss, history of diabetes, family his-
tory of malignancy and operation performed were recorded pro-
spectively by questioning the patients and reviewing of the fi les.

Ten cubic centimeters (cc) of venous blood was obtained from 
the patients the night before or the morning on the day of opera-
tion and kept in biochemistry tube. After keeping these tubes at 
room temperature for about 15–30 minutes, they were centrifuged 
for 15 minutes at 2,500 rpm in centrifuge. Blood serum obtained 
was placed to empty plastic storage tubes, and the remaining cell 
suspension was discarded. Printed labels with patient’s name, sur-
name and protocol numbers written on it were pasted on the surface 
of these transparent storage tubes. The tubes were collected in a 
storage container and kept in a special refrigerator that provided 
coldness at -75 centigrade degree (ºC).

After the patient was operated, on the 7th postoperative day, 
the serum was obtained for the second time using the method de-
scribed and these tubes were kept at the same storage conditions 
and stored in different containers for evaluating the postoperative 
values. If the patients were evaluated as unresectable or metastatic 
during operation, postoperative bloods were not obtained. Also, 
postoperative evaluation could not be done if the patient died 
within 7 postoperative days. 

Postoperative pathology results of these 72 patients followed 
and 46 patients, whose primary pathology were pancreatic malig-
nancy were determined and the stage of pancreatic cancer of these 
patients were recorded. These 46 patients formed the study group. 
The remaining 26 patients with postoperative pathology results 
such as:  periampullary tumor, benign lesions or neuroendocrine 
tumors were excluded from the study.

Control group
Between April 2012 and November 2013, fi les of cholelithiazis 

patients, who were newly diagnosed and prepared for surgery in the 
same hospital, were reviewed. Patients with a history of previous 
malignancy, acute cholecystitis, choledocholithiasis or pancreati-
tis were excluded from the study. Data from the same number of 
patients (46 patients) as in the study group were evaluated. Data 

about age, gender, BMI, smoking and alcohol history, history of 
diabetes and family history of malignancy were recorded prospec-
tively. Blood serum was obtained from the control patients with 
the method described earlier and samples were kept at the same 
storage conditions and stored in different containers. 

Obtaining data
At the end of the study, preoperative and postoperative serum 

samples of the study group and serum samples of the control group 
were kept at –4 ºC the night before the biocheminal evaluation, for 
minimal dissolving of the samples. The samples were then moved 
to the biochemical laboratory following the rules of cold chain. 
After the samples dissolved in room temperature, biochemical 
studies were performed on the same day. Biovender ELISA kit 
(Czech Republic) used for biochemical study of adiponectin and 
results were given as μg/mL and Diasource ELISA kit (Belgium) 
used for biochemical study of leptin and results were given as ng/
mL. Both ELISA kits were evaluated by Biotek ELISA Synergy 
HT reader model.

Statistics
Descriptive characteristics of the study and control groups were 

expressed as the mean ± standard deviation (SD), unless indicated 
otherwise. Minimum and maximum values were provided when 
necessary. Komolgornov–Smirnov test was used to assess the dis-
tribution of the data. The homogeneity of variance was evaluated 
by Levene test. Analysis of continuous variables between cases and 
the control group were performed by paired t-test. In the analysis 
of classifi ed data, chi-square test was used. The signifi cance of the 
difference between median values of clinic measurements of day 
1 and the study group, and materiality of the difference in median 
values in clinical measurements made on day 7 was investigated 
by One-Way ANOVA test. The relationship between stage, tumor 
markers and adipokines was done with Two-Tailed Pearson cor-
relation test. The p 0.05 value was considered to be signifi cant. 
Statistical analysis was accomplished using the SPSS program for 
Windows 22.0 (SPSS, Chicago, IL, United States). 

Results

This study was conducted between April 2012 and November 
2013. Demographic data and preoperative and postoperative adi-
ponectin and leptin levels of 46 patients with primary pancreatic 

Demographic 
characteristics Study group Control group p

Gender Male:  29
Female:  17

Male:  16
Female:  30 0.004

Age (year) 60.98±13.26 55.42±14.22 0.128
BMI (kg/m2) 22.63±2.75 24±3.5 0.917
Smoking (%) 45.7 46 0.973
Alcohol (%) 17.4 46 0.003
Diabetes (%) 28.3 26 0.803

Tab. 1. The demographic characteristics of patients in study and con-
trol groups.
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malignancy, who were admitted to the Gastroenterology Surgery 
Department of Yuksek Ihtisas Hospital between these dates were 
recorded. Between the same dates, demographic data and adipo-
nectin and leptin levels of 46 control patients, who were operated 
because of cholelithiasis were also recorded.

There was no signifi cant difference according to age, BMI, 
smoking and diabetes mellitus history between the two groups. 
However, the two groups showed differences in gender and alcohol 
use. The number of male patients in the study group was higher, 
while the number of female patients was higher in the control 
group. Also, the rate of patients, who had an alcohol history in the 
control group was higher almost 3 times from the study group. In 
both groups, there was no family history of cancer in any of the 
family members. The demographic characteristics of patients and 
p-values are presented in the Table 1.

When preoperative adiponectin and leptin levels in the study 
group were compared to the control group, no difference was ob-
served between the two groups in terms of adiponectin. In other 
words, there was no difference according to the adiponectin levels 
between the patients, who had a pancreatic cancer diagnosis and 
who did not. On the contrary, when we look at the level of leptin, 
leptin levels in the study group were found to be signifi cantly 
lower than in the control group. In other words leptin levels were 
signifi cantly lower in the patients, who had a pancretic cancer dia-
gnosis and this was independent of BMI and diabetes mellitus 
history. Adiponectin and leptin levels with p-values of the study 
and control groups are presented in the Table 2.

When staging of patients with pancreatic cancer made, 5 of 
them were stage 1a, 8 were stage 1b, 6 were stage 2a, 14 were 
stage 2b, 2 were stage 3 and 11 were stage 4. Only preoperative 
adiponectin and leptin values were evaluated in stage 4 and stage 
3 patients, who were unresectable at the time of surgery. Three 
patients from the other stages died before postoperative seventh 
day. When the preoperative and postoperative adiponectine and 
leptin levels were evaluated in remaining 30 patients, we found 
that, adiponectin levels were signifi cantly increased and leptin 
levels were signifi cantly decreased postoperatively. These values 
are shown in the Table 3. 

We questioned whether the adiponectin and leptin levels 
showed any differences according to the disease stage. Analy-
sis revealed that adiponectin levels did not indicate any changes 
according to different disease stages (p = 0.6). Also, analysis re-

vealed that leptin levels did not change in different disease stages. 
Leptin levels did not differ statistically according to the stages 
(p = 0.42).

Tumor marker of patients (CA 19-9/CEA) were also evalu-
ated. Both tumor markers were correlated with the stage of the 
patients (p = 0.02 and p = 0.018 respectively). When this tumor 
markers were compared to adiponectin and leptin levels, no cor-
relation was found (p > 0.05).

Discussion

Adipose tissue is an active endocrine organ that secretes seve-
ral bioactive adipokines that regulate various physiological and 
pathological processes (1, 2). In literature, the most frequently stu-
died adipokines are leptin and adiponectin. Leptin regulates many 
physiological functions in humans and mainly adjusts the energy 
balance. Low leptin levels are signifi cantly associated with insulin 
resistance. Adiponectin is an insulin-sensitizing, anti-infl ammatory 
and anti-atherogenic adipokine. In vivo studies showed that it has 
a protecting effect on several types of cancer (3–9). 

The literature showed that many cancer types have negative 
correlation with adiponectin, but positive correlation with leptin 
levels. The relationship between these two adipokines with pan-
creatic cancer, which is associated with obesity, is controversial. 
Study of Chang MC et al in 2007 about usage of serum adipo-
nectin levels in differentiating pancreatic cancer and pancreatitis 
revealed that adiponectin levels were much higher in patients 
with pancreatic cancer than in patients with chronic pancreatitis 
and suggested that high adiponectin levels could be used in the 
differential diagnosis (10). 

This was the fi rst study that tried to show the relationship be-
tween pancreatic cancer and adiponectin, but authors suggested 
that the different results from other cancer types could be due to 
different molecular mechanisms of adiponectin in pancreatic can-
cer, cholestasis might increase adiponectin levels and the status 
of weakness secondary to pancreatic cancer might increase adi-
ponectin levels. In 2008, Stolzenberg–Solomon et al conducted a 
study, in which patients in the study cohort were followed up and 
adiponectin levels of patients, who developed pancreatic cancer 
during follow up time, were evaluated. Consequently, they sug-
gested that high adiponectin concentration was inversely associated 
with development of pancreatic cancer (protective effect) (11). The 
strength of this study comes from a high number of cases included 
and its prospective design, but its unsatisfactory part is that study 
included only male smokers.

The relationship between adiponectin and leptin together with 
pancreatic cancer was fi rst evaluated in the case control study, 
which included Greek population, in 2009 and in addition, a 
presence of adiponectin receptors in pathology specimens was 
demonstrated. As a result, unlike other cancer types, it was shown 
that high adiponectin levels and low leptin levels were associated 
with pancreatic cancer. In this paper, authors argued that, in early 
phases of disease it could be predicted that low adiponectin and 
high leptin levels were associated with obesity, but as a response 
to insulin resistance and rapid weight loss, as stage of disease in-

Adipokines Study group Control group P 
Adiponectin 9.97±4.67 9.67±4.93 0.677
Leptin 6.92±8.66 7.36±7.95 0.035

Tab. 2. Evaluation of adipokines between study group and control 
group.

Adipokines Preoperative Postoperative p 
Adiponectin 9.97±4.67 10.52±6.04 0.04
Leptin 6.92±8.66 3.14±3.81 0.002

Tab. 3. Comparison of preoperative and postoperative adiponectin 
and leptin levels in the study group.
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crease, these values can be reversed quickly. Indeed, half of the 
patients in this study were stage IV (12). 

There are studies suggesting that there might be different adi-
pokine responses in different types of cancer. Based on the confl ict-
ing results in literature about relationship between adiponectin and 
pancreas cancer, Phelip JM et al evaluated adiponectin levels of 
33 colorectal and 53 pancreatic cancer patients and revealed that 
adiponectin levels in pancreatic cancer patients were higher than 
(12 fold) in colorectal patients. Authors revealed that as adipokin 
levels could be affected by various factors such as BMI, gender and 
race, it can also be affected by type of the cancer (13). However, 
this article did not compare the results with the normal population.

The most comprehensive study about adiponectin is the case-
control study conducted by Grote VA et al. Including 10 European 
countries with 23 different centers, adiponectin levels of 452 pa-
tients with pancreas cancer and same number of control patients 
from prospective EPIC cohort were evaluated. As a result, they 
suggested that low adiponectin levels could be associated with the 
development of pancreatic cancer in non-smokers (14). Similarly, 
in the study using 5 cohorts and published recently, 468 pancreatic 
cancer patients were compared to 1080 control patients and sug-
gested that low adiponectin levels were associated with pancre-
atic cancer independent from gender, smoking and BMI (15). As 
seen, fi rst studies about this subject showed a direct relationship 
between high adiponectin and low leptin levels with pancreatic 
cancer, but with the inclusion of large cohort studies and increase 
in the number of cases, this relationship turned inversely, espe-
cially for adiponectin. 

This study found that leptin levels were lower in pancreatic 
cancer patients according to control population and this decrease 
was statistically signifi cant. This result is, in fact, consistent with 
other literature results related to pancreatic cancer and leptin. Al-
though it is a cancer type associated with obesity, it remains contro-
versial, why leptin levels decreased in pancreatic cancer. Hypolep-
tinemia may have arisen as the result of weight loss seen in many 
cancer patients. In this study, the mean BMI was 22 kg/m2, but it 
is to be noted that 60 % of patients had a history of weight loss. 

Another argument is the different molecular effect of leptin 
on pancreas. In vitro studies of leptin showed that it inhibited 
the growth of two human pancreatic cancer cell lines (PANC-1, 
Mia-PaCa) and it was probably managed by its proimmunogenic 
effects (16). Proliferation of cancer cell lines might be provided 
with a lack of leptin.

Pezzill R et al evaluated leptin and adiponectin as a distinc-
tive marker for chronic pancreatitis, autoimmune pancreatitis 
and pancreatic cancer (17). In their study with 75 patients, they 
revealed that leptin was signifi cantly low in chronic pancreatitis 
and pancreatic cancer, but increased in autoimmune pancreatitis. 
They suggested that low leptin levels with high CA-19-9 levels 
could be used as a distinctive marker for pancreatic cancer. Simi-
larly, leptin levels were low and CA-19-9 levels were correlated 
with disease stage in our study and adiponectin levels did not dif-
fer from control population. 

When interpreting studies about adiponectin, discordance 
about epidemiology and design between studies should be kept in 

mind. Case-control studies demonstrated a relationship between 
high levels of adiponectin with pancreas cancer, but prospective 
studies demonstrated opposite. Pezzillis’ work and our study found 
no correlation between them. As mentioned before, low adiponec-
tin level could be signifi cant because of its well known protective 
effect. On the other hand, increase of adiponectin levels in pro-
longed weight loss and anorexia nervosa might explain the rise of 
adiponectin in cachexia due to pancreatic cancer. It should be kept 
in mind that, adiponectin may also increase as a compensation to 
insulin resistance, which is very common in pancreatic cancer. 
Therefore, studies aimed to understand the molecular mechanisms 
of adiponectin associated with pancreatic cancer or designing meta-
analysis about adiponectin level will shed more light on this issue.

As to our knowledge, literature does not include any studies 
about relationship between adiponectin and leptin levels with pan-
creatic cancer stage. In our study, we found no correlation between 
disease stage and plasma levels of adiponectin and leptin. This 
situation raises doubts about that adiponectin and leptin are not 
related with disease progression, but involve in the mechanisms 
of disease onset. Also, it is very interesting that preoperative and 
postoperative values of both adiponectin and leptin levels in the 
study group are signifi cantly different. Adiponectin levels increase, 
while leptin levels decrease postoperatively in pancreatic cancer 
patients. It is necessary to clarify the mechanism.

Another impasse of this study is the difference of some factors 
between patients and controls. As an example, alcohol usage was 
much higher in the control group. Effect of alcohol on pancreas 
cancer is not clear and there are no studies suggesting that adipo-
kine levels can be changed with the use of alcohol. Nevertheless, 
it will be helpful to design the study taking this into account. In 
the same way, distribution of men and women between the patients 
and the control group were not equal. It is thought that adiponec-
tin and leptin levels might vary with gender. However, to support 
this thesis, adiponectin and leptin levels should be evaluated in 
normal individuals of same race to show difference between male 
and female gender. Nevertheless, it would be helpful to consider 
these factors to provide homogeneity.

Conclusion

As the result, there was a signifi cant correlation between low 
leptin levels and pancreatic cancer, while adiponectin had no cor-
relation. Differential diagnosis of pancreas cancer could be made 
by evaluating low leptin levels with elevated tumor markers. 
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