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Summary 

Purpose: To determine the impact ()[body mαSS inde.耳
(BMJ) oneαncer in a hospital-based Turkish pop叫αtion.

Patients and methods: The study group consisted ()f 
2015 (1172/emales: 423 pre- and 749 postmenopausα1﹔ and 
843 males) patients with histologically proven cαncer who 
αpplied to Mαrmara University Medical School, Medical 
Oncology Clinic. The control group included 305 healthy 
caregivers (19 2 fem叫es: 110 pre- a吋82 postmenopαused; 
and 113 mα！es). 

Results: Meαn BM! of the pαti巴nts with breα哎， ov.αrian
G吋 ce~vi~~l carcinoma wαs signψcαntly ﹜何hertha川hαt
of the heα!thy.femαle controls (p<O. 0肘， 0.0肘， ＜ 0.0肘，陀－
spec伽e!y~. Postme叫G削l breast仰1cerpat泌ntshαdsig
nificantly higher BM! than postmenopα＇l/Sαlfemale controls 
(odds r，αtio ﹛OR ，﹞ 1.3﹔ 9 5% confidence inte門αl[C口， 1.06-1.6﹔

Introduction 

Obesity constitutes a growing global epidemic, ac
companied by a vast range of disorders. Epidemiologi
cal studies have shown obesity to be a significant risk 
factor for type 2 diabetes and cardiovascular disease, 
but its role in oncogenesis is less understood. The most 
widely used index of body weight for these assumptions 
is the BMI which is calculated by dividing the body 
weight in kilogr訓ns by the square of the person’s height 
in meters (kg/m"). A BMI of 18.5-24.9 is considered 
normal weight, 25-29.9 overweight and 2'.30 obese [l ]. 

There is growing evidence that excess body weight 

p=0.012), while this wαs nots巴en in pre.menopausal pαtients. 
When compαred wit}1 controls obes巴postmenopαusalfemαle
pαtients h吋 3.26于old (95% CI 1. 抖，6.90) increased risk 
for breast cancer (p=O. 0。2). Mean BM! ()flung, stomach, 
esophagus, pancreas and heαd and neck carcinoma pαtients 
was significantly lower thαn that of the heα!thy controls. Fe-
1nale patients with lung and colorectαi cαrcinomαhαd higher 
BM! thanfemale controls. 

Conclusion: Elevated BM! might be α riskfactorfor 

breαst cαncer in postmenopαusal wom巴11. cαse-control 

studies mαy not show the actual associαtion between BM! 
and cαncers thαt present with pre-diagnosis weight loss αnd 
αdvanced stage. 

Key words: body mass index, breast cancer, malignant neo
plasms, obesity 

increases the risk of cancer at several sites. Large pro
spective studies show a significant association with 
obesity for several cancers, and the International Agency 
for Research on Cancer has classified the evidence of a 
causal link as “sufficient” for cancers of the colon, fe
male breast (postmenopausal), endometrium, kidney 
(renal cell), prostate, gallbladder and esophagus (adeno
carcinoma)[2-4]. 

During the past several years there is an increased 
interest on cancer risk, survival and obesity [5].How
ever, very limited information exists for populations 
outside the North America and Europe [6-10]. Re
cent旬， data from Asia has been published [l l ]. 
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The aim of the present study was to determine the 
impact of BMI on cancer development in a university 
outpatient oncology clinic-based Turkish population. 
We reviewed the BMI of cancer patients and compared 
the patients’ BM! levels with a control group of healthy 
caregivers in or由r to see for any relationship of BMI 
with some specific types of cancer. 

Patients and methods 

A case-control study was conducted on 2015 pa
ti en ts ( 1172 females: 423 pre- and 749 postmenopausal; 
and 843 males, aged> 19 years) with histologically 
proven cancer who applied to Marmara University Med
ical School, Medical Oncology Clinic, between October 
1997-0ctober 2004. The control group consisted of 
305 consecutive healthy caregivers or relatives ( 192 fe
males: 110 pre- and 82 postmenopausal; and 113 males, 
aged> 19 years) of the cancer patients, without historγ 
of cancer or any wasting disease. Pregnant women were 
excluded. Body weight and height were measured while 
subjects were wearing light clothing without shoes. BM! 
was calculated by dividing the body weight in kilograms 
by the square of the person ’s height in meters (kg/m2). 
A BMI <18.5 was co的idered underweight, 18.5-24.9 
normal, 25.0-29.9 ove1weight, and 三30 obese. 

Stαtisticαiαnαlysis 

The SPSS 10.0 for Windows (SPSS, Inc., Chi
cago, IL) statistical analysis program was used in all 
analyses. Comparisons between groups in the study 
population were performed using logistic regression 
and independent sample t-tests. The level of signifi
cance (alpha) was set to 0.05 for all tests and confidence 
intervals. 

Results 

Median BM! of controls was 24.8 (range 14.9-45勾
and median age was 42 years (range 20-81 ). Twelve ( 4%) 
controls were underweight, 145 (47.5%) were normal, 
119 (39%) were overweight and 29 (9.5%) were obese. 

Median BM! of patients was 24.8 (range 14.4-54) 
and median age was 57 years (range 20-84). Seventy-nine 
( 4%) patients were underweight, 949 ( 4 7%) were nonnal, 
666 (33%) were overweight and 321 (16%) were obese. 

The mean BM! of the women with breast, ovarian 
and cervical cancer was significantly higher than that 
of the healthy female controls (p<0.00 l, p=0.003 and 
p<0.001, respectively) (Tables 1 and 2). 

There was a significant positive association be
tween BMI and breast cancer risk among postmeno
pausal women (OR 1.3, 95% CI 1.06-1.60, p=O.O 12). 
When compared with controls obese postmenopausal 
females had 3.26-fold (95% CI 1.54-6.90; p=0.002) in
creased risk for breast cancer. In premenopausal women 
B恥11 did not have any significant impact on breast cancer 
risk. Age showed a significant positive association with 
breast cancer among both premenopausal and postmeno
pausal women (OR 1.19, 95% CI 1.14-1.24;p<0.001 and 
OR 1.07, 95% CI 1.04-1.10;p<0.001, respectively). 

Mean BMI oflung, gastric, esophagus, pancreati c 
and head and neck care 
lower than that of the healthy controls (Tables 1 and 
2). Mean BMI of the patients with colon, nasopha
ryngeal, bladder, prostate carcinoma, non-Hodgkin’s 
lymphoma, Hodgkin ’s lymphoma, melanoma, and 
soft tissue sarcomas was not significantly different 
from that of the healthy controls. Healthy controls 
were significantly younger than patients in all groups 
except Hodgkin’s disease (Tables 1 and 2). Female pa』
tients with colorectal and lung cancer had significantly 
higher BMI than female controls (p=0.007 and <0.0叭，

Table I. "Comparison ofBMI and age between patients and controls (logistic regression analysis) 

Cancer type n Mean BAI! p-va/11e Mean age p-value 
(year:.,) 

Controls 305 25.2士4.2 43.4士 13.7

Male controls 113 26.4士4.0 44.7土 14.1

Female controls 192 24.4士4.2 42.5土 13.3

Prem. controls 110 23.0士3.6 33.5土8

Postm. controls 82 26.3土4.2 54.7土8.5

Breast Ca 552 27.1士5.3 <0.001 52.5士l l.7 <0.001 
Prem. breast Ca 219 25.5土4.4 0.266 41.7±5.6 <0.001 
Postm. breast Ca 333 28.2土5.5 0.012 59.7土8.8 <0.001 
Colorectal Ca 354 25.7士4.4 0.065 60.4土 12 <(J.001 
Lung Ca 338 24.3士3.9 <0.001 60.3土9.9 <0.001 
NHL 84 25.3士5.7 0.634 56.6士 17 <0.001 

BM!: body mass index, Prem: premenopausal, Postm: postmenopausal, Ca: cancer, NI IL: non -} lodgkin's lymphoma 
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Table 2. Comparison of BMI and age between patients and controls (independent sample t-test [2-tailed]) 

Cancer type 11 1VfeanBMI 

Control 305 25.2土4.2

Male controls 113 26.4土4.0

Fem al巳 controls 192 24.4土4.2

Ovarian Ca 97 26.2土5.9

Cervical Ca 38 27 回8土5.1

Endometrial Ca 8 26.2士3.7

Gastric Ca 117 23.4土4.3

Pancreatic Ca 51 23.3±3.1 
Nasopharyngeal Ca 44 25.0士4.8

Othcr Head & Neck Ca 52 22.9士3.6

Bladder Ca 23 25.5土3.6

Hodgkin ’s disease 25 23.8土4.2

Soft tissue sarcomas 21 26.0士5.0

Mesothelioma 14 24.7土3.4

Malignant melanoma 26 25.1土3.9

Prostate Ca 20 25.5土4.4

Testicular Ca 8 24.7士4.0

Th yr叫d Ca 12 26.8土4.7

Ca of unknown primary 20 23.9土4.9

Renal cell Ca 9 23.3土4.5

Esophagcal Ca 17 21.8土3.9

UM!: body mass index, Ca: cancer 

respectively), while this was not seen in male patients 
with these cancer types. No gender difference was seen 
in other cancer types. 

Discuss10n 

The landmark study on the relationship between 
cancer and obesity was conducted by the American 
Cancer Society [7] over a 13-year period from 1959 to 
1972. After adjusting for the effects ofage and cigarette 
smoking, people whose body weight was 40% higher 
than the average had an overall increased risk of cancer 
death (33% increase in men and 55% in women). Over
weight males experienced significantly higher rates of 
colorectal and prostate cancer, whereas overweight 
women experienced higher rates of gallbladder, breast, 
cervix, endometrium, uterus, and ovarian cancers. 

Bergstrom et al. [6] reviewed the epidemiological 
literature and metaanalysed quantitatively the relation
ship between excess weight and the risk of developing 
cancer at 6 sites in the European Union (EU). Overall, 
excess body mass accounted for 5% of all cancers in 
the EU, 3% in men and 6% in women, corresponding 
to 27 ,000 male and 45,000 female cancer cases yearly. 
The highest attributable proportions were obtained 
for cancers of the endometrium (39(Yo), kidney (25% 

p-value !Yfew1a豆巴 p vα／11e 

(years) 

43.4±13.7 
44.7士 14.1

42.5士 13.3

0.003 54.9±14.3 <0.001 
<0.001 55.7土l 1.2 <0.001 

0.22 61土 15.1 0.001 
<0.001 56.6土4.3 <0.001 

0.003 60.4士l 0.6 <0.001 
0.83 51 之士 13.8 <0.001 

<0.0。l 56.8士 15 <0.001 
0.68 68.4士8.4 <0.001 
0.11 40.4±17.4 。32
0.4 58.9士 13.3 <0.001 
0.67 54.9土 14.6 0.004 
0.93 53.5土9.8 0.001 

。37 68.8士8.1 <0.001 
0.25 32.4土l 1 0.02 
0.19 65.8土I 0 <0.001 
0.21 58.6土l 1.6 <0.001 
0.19 60.89士7.9 <0.001 
0.002 61.3士7.8 <0.001 

in both sexes) and gallbladder (25% in men and 24% 
in women). Some 36,000 cases could be avoided by 
halving the prevalence ofoverweight and obese people 
in Europe. 

More recently Wolk et al. [8] have evaluated the 
relationship between obesity and the risks for various 
forms of cancer in a population-based cohort of 28, 129 
hospital patients (8, 165 men and 19,964 women) in 
Sweden from 1965 to 1993. Cancer risk was estimated 
using the standardized incidence ratio (SII丸， with 95% 
CI), which is the ratio of the observed number of cancers 
to the one expected. Overall, a 33% excess incidence of 
cancer was seen in obese persons, 25% in men and 37% 
in women. These data, and the rising worldwide trend 
in obesity, suggest that over-eating may be the largest 
avoidable cause of cancer in nonsmokers. 

The mechanism of increased cancer risk in obese 
populations is unclear and data on this issue are still 
limited, but nutritional and dietary factors and seden
taiy lifestyle may have a role. The biologic mechanisms 
that are suggested to explain the links between obesity 
and cancer include steroid hormones, insulin, insu
!in-like growth factor (IGF) system and mechanical 
processes such as the association between abdominal 
obesity, gastroesophageal reflux and esophageal adeno
carcinoma [12, 13]. Leptin, IGF仆， vascular endothelial 
growth factor (VEGF) and adiponectin might be the 
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promoting factors in the transition from premalignant 
lesions to overt cancer, in tumor growth and invasive
ness through the induction of tumor angiogenesis. The 
adipocytokines are biologically active polypeptides 
that are produced either exclusively or substantially 
by the adipocytes, and act by endocrine, par此rine, and 
autocrine mechanisms. Most have been associated 
with obesity, hyperinsulinaem悶， type 2 diabetes, and 
chronic vascular disease; in addition, 6 adipocytokines 
(VEGF, hepatocyte growth factor, leptin, tumor necro
sis factor-alpha, heparin-binding epidermal growth 
factor-like growth factor, and interleukin-6) promote 
angiogenesis while or嗨， adiponectin, is an angiogenesis 
inhibitor. Obesity and insulin resistance have both been 
id en ti自ed as risk factors for breast cancer and are asso
ciated with late-stage disease and poor prognosis. An
giogenesis is essential for breast cancer development 
and progression, and so it is plausible that obesity-re
lated increase in adipocytokine production and a reduc
tion in adiponectin may adversely affect breast cancer 
outcome by their angiogenesis個related activities. There 
is also experimental evidence that some adipocytokines 
can act directly on breast cancer cells to stimulate their 
proliferation and invasive capacity. Thus, adipocyto『
kines may provide a biological mechanism by which 
obesity and insulin resistance are causally associated 
with breast cancer risk and poor prognosis [14]. These 
results suggest that the low serum adiponectin levels 
are significantly associated with an increased risk for 
breast cancer and that tumors arising in women with the 
low serum adiponectin levels are more likely to show 
a biologically aggressive phenotype. The association 
between obesity and breast cancer risk might be partly 
explained by adiponectin [15]. Both experimental and 
clinical studies are needed to develop this concept, and 
particularly in estrogen-independent breast cancers 
where preventive and therapeutic options are limited. 

1月le have seen a positive correlation between in
creased BMI and postmenopausal breast cancer; espe
cially obese patients had 3.26-fold increased risk for 
cancer. This had been postulated in previous studies 
[16]. On the contrary, obesity didn’t have any impact on 
premenopausal breast cancer. In fact, it was shown that 
overweight had a protective effect from breast cancer in 
premenopausal women，的 there was an increased num
ber of anovulatory cycles [17]. 

Our results also differed from the relevant litera
ture as all our patients with colorectal carcinoma and 
male patients with this disease had similar levels of 
BMI compared to controls. On the contra句， a positive 
correlation was seen in our study between obesity and 
colorectal carcinoma in the female patient popula
tion, which was also reported before [18-20]. In the 

Canadian National Breast Screening Study, Terry et 
al. [18] suggested that there was a 2-fold increased risk 
of colorectal cancer in obese premenopausal women, 
while this was not seen in postmenopausal women. 
When we studied the entire cohort we found a non-sig
nificant 8% increased risk of colorectal cancer in obese 
women. Although we did not subcategorize women 
with colorectal cancer according to their menopausal 
status in our study, our results didn’t change with age 
（三 50 vs.> 50 years). 

Patients with lung and head and neck carcinomas 
usually present with more advanced or metastatic dis
ease and pronounced weight loss to medical oncology 
clinics. Our findings are compatible with some literature 
data as these cancer types are closely related with ciga
rette smoking, alcohol consumption and poor nutritional 
status [21]. Wedidn’t find any significant association be
tween obesity and esophageal or gastric carcinoma. Sim『

ilarly to lung and head and neck cancers, these patients 
present with more advanced and metastatic disease to 
medical oncology clinics. We did not categorize esopha
geal and gastric cardia adenocarcinomas separately and, 
therefo間， this might have biased our findings. Still, there 
are conflicting findings for esophageal and gastric cardia 
adenocarcinomas in the literature [13,22-25]. 

There were several limitations to our study. The 
most striking limitation was the age difference between 
patient population and the controls. Our patient popula
tion was older than controls because caregivers were 
chosen as controls in order to compare patients to a 
group coming from the same genetic background and 
nutritional status, living in the same environment and 
for some in the same house. These people were younger 
than the patients because most of the caregivers were 
the children of our patients. Another limitation of the 
study was that it was difficult to draw a firm conclusion 
for several other cancers which had been postulated to 
be related to obesity such as endometrial, testicular, 
renal, and thyroid cancers and mesothelioma, because 
of the very low numbers of patients with these malig
nancies (less than 15). 

In summary elevated BMI increases the risk of 
breast cancer among postmenopausal women. Out
patient oncology clinic-based case-control studies 
may not show the actual association between obesity 
and some cancer types that present with a pre-cancer 
diagnosis weight loss or advanced disease. Although 
caregivers, relatives and household members were 
selected as healthy controls in order to neglect the bias 
of environmental and genetic differences between two 
study groups, our control group may not be the ideal 
population for our study. Large prospective cohort 
studies will show the link between cancer and obesity. 
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