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Introduction

Renal cell carcinoma (RCC) is the most common renal 
neoplasia, and it remains a very aggressive and often fatal 
disease (Protzel et al., 2012). It accounts for 2% of all 
adult malignancies (Jemal et al., 2010). About 270,000 
new cases are diagnosed and 116,000 patients die of RCC 
per year worldwide (Ferlay et al., 2008).

In addition to genetic changes and cigarette smoking; 
obesity and hypertension (HT) have been shown to be 
significant metabolic risk factors for the development 
of RCC (Navai and Wood, 2012). Together with fasting 
hyperglycemia and abnormal serum lipid profile, obesity 
and HT are main components of a cluster of disorders 
known as metabolic syndrome (MetS). According to the 
definition of American Heart Association/The National 
Heart Lung and Blood Institute (AHA/NHLBI), which is 
the widely accepted one of numerous MetS definitions, 
the presence of any three or more of the following 
five risk factors has been defined as MetS: high waist 
circumference (WC), blood pressure (BP), fasting blood 
glucose (FBG), triglyceride (TG), and low high density 
lipoprotein-cholesterol (HDL-C) levels (Grundy et al., 
2005).

MetS is very common in developed countries, and 
its prevalence is likely to increase (Ford et al., 2002). 
Several mechanisms have been proposed to explaine 
the relationship between MetS and malignant disease, 
including changes in neoplastic metabolism, DNA 
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damage/repair malfunction, local inflammation and 
insulin-like growth factor 1 (Guo et al., 2013; Ozbek et 
al., 2014). It has been linked to certain types of cancer 
including breast cancer (Ronco et al., 2012), biliary 
tract cancer (Wu et al., 2012), colorectal cancer (Morita 
et al., 2005; Kaneko et al., 2010; Forootan et al., 2012; 
Ulaganathan et al., 2012) and aggressive urologic cancers 
involving prostate (Hammarsten and Peeker, 2011; Ozbek 
et al., 2014) and bladder (Ozbek et al., 2014). However, 
less is known about the possible link between MetS and 
RCC. Two of MetS components (HT and abdominal 
obesity) are known to cause RCC but it is not clear if MetS 
components completement each other to promote cancer. 
The cooperative effect of coexisted MetS components 
might go beyond our expectations. In the present case-
control study, we aimed to identify the prevalence of MetS 
among RCC patients and to evaluate whether there is any 
association between the MetS and RCC.

Materials and Methods

At the urology clinic of our tertiary care teaching 
hospital, we designed a study in which 117 adult RCC 
patients and 238 age-matched (±2 years) controls were 
included between July 2010 and June 2013. RCC diagnose 
was based on histopathology reports of our radical or 
partial nephrectomies. Histologic subtype and nuclear 
grade of RCC were determined according to 2004 World 
Health Organization classification and Fuhrman grading 
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system, respectively. Control group consisted of adult 
urologic patients attending our out-patient clinic with 
any complaints within the study period and agreeing to 
participate in the study. Patients with a known urinary 
or any other system cancer history were not included. 
All control group candidates were referred to ultrasonic 
evaluation and the subjects without a renal mass except 
simple renal cysts were included in the study. All 
participants were fully informed about the study design 
and their consent forms were obtained. The study was 
approved by applicable local ethics committee.

All patients and controls underwent BP and 
anthropometric measurements including weight, height, 
and WC; and body mass index (BMI) values were 
calculated accordingly. Physical measurements were made 
by the same observer (A.E.E.) using the same methods 
and instruments for all subjects. WC was measured at 
the midpoint of the lowest rib and iliac crest at the end 
of exhalation using a tape measure with the participant 
standing. BP was measured using Braun BP6200 Exactfit 
5 Automatic Blood Pressure Monitor (Kaz Inc., Braun 
GmbH, Kronberg, Germany). Blood samples were drawn 
from overnight-fasting subjects and serum levels of FBG, 
HDL-C and TG were recorded. Data of RCC patients were 
collected in the preoperative period. Criteria proposed for 
clinical diagnosis of MetS were provided by the report of 
AHA/NHLBI, any three of the five following factors: WC 
≥102 cm in men and ≥88 cm in women; TG ≥150 mg/dL 
or being on drug treatment for elevated TG; HDL-C <40 
mg/dL or being on drug treatment for reduced HDL-C; 
increased BP (systolic BP ≥130 or diastolic BP ≥85 
mmHg) or being on antihypertensive drug treatment of 
previously diagnosed HT; increased FBG ≥100 mg/dL 
or being on drug treatment for elevated glucose (Grundy 
et al., 2005).

Statistical analysis
Statistical package for social sciences (SPSS, Chicago, 

IL, USA) version 21.0 software was used for the analysis 
of data. The data were normally distributed and expressed 
as the mean ± standard deviation. The comparisons were 
performed by independent t-test, Fisher’s exact and chi-
square tests. Odds ratio (OR) was determined by binary 
logistic regression analysis to investigate the strength of 
the impact of MS criteria on RCC. P values <0.05 were 
considered significant.

At the end of the study, we conducted a post hoc power 
analysis with the program G*Power 3.1.9.2 software 
(Heinrich-Heine University, Dusseldorf, Germany) to 
identify the power achieved (Faul et al., 2009).

Results

Among a cohort of 355 subjects analyzed, the mean 
age was 57.36±10.43 years. Of the cohort, 59.1% were 
male and 40.9% were female giving a male:female ratio 
of 1.4:1. Controls and RCC patients were well matched in 
age (p=0.688) as shown in table 1. Significant differences 
were detected between control and RCC groups regarding 
mean levels of WC, TG and HDL-C but not regarding 
mean FBG and BMI (Table 1).

The prevalence of MetS as defined by AHA/NHLBI 
was 44.4% among RCC patients and 15.5% among 
controls. The prevalence was higher among males in both 
RCC and control groups (61.5% and 56.8%, respectively), 
compared to females (38.5% and 43.2%, respectively).

RCC is significantly (p=0.003) more prevalent in 
males than females (70.1% and 29.9%, respectively) and 
male gender 2.01 times increased the risk of RCC (95% 
confidence interval (CI)=1.26-3.22). HT had the most 
profound impact on RCC risk among MetS components 
because the presence of HT increased RCC risk more than 
10 times (95% CI=5.95-18.41) (Table 2).

We found a significant association (p<0.001) between 
the presence of MetS (having 3 or more MetS components) 
and RCC risk (OR: 4.35; 95% CI=2.62-7.21). Besides, as 
the number of MetS components cumulated from 3 to 5, 
RCC risk increased likewise from 4 to 6 times (Table 3).

Table 1. Comparison of Mean Levels of Clinical 
Characteristics and Laboratory Findings of RCC 
Patients and Controls
Characteristic	 Control	 RCC	 t	 p

Patients	 238 (67.0%)	 117 (33.0%)
Age (yr)	 57.53±9.35	 57.01±12.37	 0.402	 0.688
Height (cm)	 168.27±7.59	 166.67±9.04	 1.656	 0.099
Weight (kg)	 76.29±12.20	 76.57±12.27	 -0.202	 0.840
BMI (kg/m2)	 26.98±4.28	 27.72±4.99	 -1.369	 0.173
WC (cm)	 95.57±10.26	 99.99±14.27	 -2.995	 0.003
FBG (mg/dL)	 114.43±46.51	 118.98±52.84	 -0.733	 0.464
TG (mg/dL)	 165.89±84.12	 143.53±68.20	 2.262	 0.025
HDL-C (mg/dL)	 45.25±12.84	 41.69±10.55	 2.455	 0.015

Table 2. Prevalence of Variables and their Associaton 
with RCC Risk
	 Control	 RCC	 χ2	 P	 OR (95% CI)
	 No.  %	 No.  %
Gender
	 Female	 110	 46.2	 35	 29.9	 8.63	 0.003	 1
	 Male	 128	 53.8	 82	 70.1			   2.01	 (1.26-3.22)
BMI
	 <30	 186	 78.2	 81	 69.2	 3.35	 0.067	 1
	 ≥30	 52	 21.8	 36	 30.8			   1.59	 (0.97-2.62)
FBG (mg/dL)
	 <100	 166	 69.7	 72	 61.5	 2.39	 0.122	 1
	 ≥100* 	 72	 30.3	 45	 38.5			   1.44	 (0.91-2.29)
WC
	 <102 cm in men
		  108	 45.4	 55	 47.0	 0.03	 0.772	 1
	 <88 cm in women
	 ≥102 cm in men
		  130	 54.6	 62	 53.0			   0.94	 (0.60-1.46)
	 ≥88 cm in women
TG (mg/dL)
	 <150	 154	 64.7	 65	 55.6	 2.41	 0.096	 1
	 ≥150* 	 84	 35.3	 52	 44.4			   1.47	 (0.93-2.30)
HDL-C (mg/dL)
	 ≥40	 135	 56.7	 52	 44.4	 4.07	 0.044	 1
	 <40*	 103	 43.3	 65	 55.6			   1.67	 (1.01-2.75)
Presence of HT
	 No	 214	 89.9	 55	 47.0	 77.27	 <0.001	 1
	 Yes	 24	 10.1	 62	 53.0			   10.46	(5.95-18.41)
Presence of MetS
	 No	 201	 84.5	 65	 55.6	 33.35	 <0.001	 1
	 Yes	 37	 15.5	 52	 44.4			   4.35	 (2.62-7.21)
Smoking
	 No	 135	 56.7	 44	 37.6	 10.71	 0.001	 1
	 Yes	 103	 43.3	 73	 62.4			   2.18	 (1.38-3.42)

*or being on drug treatment
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Out of 117 RCC patients, 93 (79.5%) were reported 
to have clear cell, 10 (8.6%) papillary, 8 (6.8%) 
chromophobe and 6 (5.1%) other subtypes of RCC after 
the histopathological analyses. Fuhrman grading of 
RCC patients with and without MetS were as follows, 
respectively: grade 1 [(8 of 52 (15.4%) and 10 of 65 
(15.4%)], grade 2 [(27 of 52 (51.9%) and 35 of 65 
(53.8%)], grade 3 [(13 of 52 (25.0%) and 16 of 65 
(24.6%)], and grade 4 [(4 of 52 (7.7%) and 4 of 65 (6.2%)]. 
Neither histological subtype nor nuclear grade of RCC 
was detected significantly different as to the presence or 
absence of MetS (p=0.46 and 0.99, respectively).

Power of the present study to detect a medium effect 
size (0.50) was calculated to be 99.3%; critical t=1.97; 
Df=353; noncentrality parameter δ=4.43 at a significance 
level of 0.05 (two tailed) using t tests and to be 96.5%; 
critical χ2=11.07; Df=5; noncentrality parameter λ=21.42 
using chi-square tests for a medium effect size (0.30) at 
the same significance level of 0.05.

Discussion

RCC is increasingly being recognized as a metabolic 
disease. Each of the known genes for RCC is involved in 
oxygen, iron, and energy or nutrient-sensing pathways in 
a way or another (Azeem et al., 2011; Jonasch et al., 2012; 
Linehan and Ricketts, 2013). In a recent epidemiologic 
study from Northern Europe, Haggstrom et al. found that 
high levels of several metabolic factors, both separately 
and combined, were associated with an increased risk of 
RCC. Those metabolic factors were high levels of BMI, 
BP, glucose, TG among men and BMI among women. 
However, the authors observed no interaction between 
the risk factors and RCC (Haggstrom et al., 2013). 
In the present study, we investigated the relationship 
between the risk of RCC and MetS which is referred 
to a constellation of interrelated metabolic risk factors. 
According to our results, MetS was highly prevalent 
based upon AHA/NHLBI criteria among RCC patients. 
For MetS assessment, the rationale for using AHA/NHLBI 
definition instead of another widely used definition of 
International Diabetes Federation (IDF), relied on the 
avoidance of a bias. Abdominal obesity is the sine qua 
non criterion for MetS definition of IDF (Alberti et al., 
2005). Since obesity is a well-known risk factor for RCC, 
we have considered that it might constitude a bias if we 
used that definition, so we decided to use AHA/NHLBI 
criteria which are simple to use in a clinical setting and 
have the advantage of avoiding emphasis on a single cause 
(Grundy et al., 2005).

In the present study, it was found that the existence 
of MetS, about 4 fold increased the risk for RCC. MetS 

alone was a significant risk intensive entity for RCC in 
our study cohort. The increase in RCC risk related to 
MetS was higher than other established RCC risk factors 
such as obesity and smoking. In addition, since obesity 
is a risk factor for RCC, our initial expectation was the 
mean weight and BMI of RCC patients were higher than 
controls. However, our RCC and control groups were not 
statistically different regarding BMI or total body weight, 
but there was a significant difference regarding WC. 
Therefore, we believe that WC was a better surrogate of 
obesity than BMI for our study population. Nevertheless, 
elevated WC did not change RCC risk in the present 
study after all. So, according to our results, it can be 
speculated that elevated WC or central obesity might have 
an impact on RCC risk when it only clusters with other 
MetS components.

As an interesting finding, there was a cumulative effect 
of MetS components for RCC risk in our study. When 
the number of MetS criteria combined from 3 to 5, RCC 
risk further increased up to 6.2 fold. This result might 
be interpreted reversely as a decrease in the number of 
MetS components would result in a reduced risk of RCC 
for MetS patients. For a preventive strategy for RCC, our 
practice should be trying to reduce not only the prevalence 
of MetS but also the number of its components.

The MetS (Ozbek et al., 2013) and diabetes mellitus 
itself (Otunctemur et al., 2014) have been shown to 
be associated with aggressive RCC in terms of higher 
tumor size and nuclear (Fuhrman) grade in recent studies 
that performed also in Turkish population. Their results 
point out a possible association between MetS and tumor 
carsinogenesis, eventhough we did not confirm any link 
either between MetS and nuclear grade or between MetS 
and RCC subtype. In another study, increased visceral 
obesity, a key component of MetS, was found to be 
strongly associated with higher Fuhrman grade in patients 
with clinical T1a RCC (Zhu et al., 2013). Since our results 
reflect the experience of a single institution, our study 
cohort may not have analogous regional or individual risk 
factors contributing to tumor aggressiveness or subtype 
formation with abovementioned studies. Therefore larger 
studies are needed to comment on this subject.

HT is another component of MetS, which was 
demonstrated to play an important role in the pathogenesis 
of RCC (Weikert et al., 2008). The highest incidence 
rate of moderate new-onset HT was observed in patients 
with RCC among various cancer types in a recent study 
(Fraeman et al., 2013). Brock et al demonstrated that both 
obesity and HT were independently and interactively 
associated with increased RCC risk (Brock et al., 2007). 
HT was found as the prominent MetS component for RCC 
risk in the present study. Van Hemelrijck et al. investigated 
the link between lipid profiles, glucose, BMI and kidney 
cancer in a large Swedish cohort, and showed a consistent 
relation between TG, glucose levels and kidney cancer 
(Van Hemelrijck et al., 2012). Our study only partially 
confirmed their results, because subjects with reduced 
HDL-C had significant risk for RCC whereas diabetics and 
subjects with hypertrigliseridemia had marginal, increased 
but statistically non-significant risk in our Turkish cohort. 

One by one or in different pairings, particular MetS 

Table 3. Prevalence of Number of MetS Components 
and its Association with RCC Risk
No. of MetS	 Control	 RCC	 χ2	 P	 OR (95% CI)
components	 No.  %	 No.  %

0-1-2 (not MetS)
	 201	84.5	 65	55.6	 35.25	 <0.001	 1
3	 26	10.9	 34	29.1			   4.04	 (2.26-7.24)
4	 8	 3.4	 12	10.3			   4.64	 (1.82-11.84)
5	 3	 1.3	 6	 5.1			   6.18	 (1.50-25.43)
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components have been found to increase RCC risk 
as mentioned above. However, the role of different 
combinations of existed MetS components for RCC 
risk, remains as an open question. This question might 
be answered by a large study identifying more risky 
combinations via comparing the patients under different 
subgroups of MetS components. However, it is hard to 
design such a study which has lots of risk subgroups. 
Instead of doing this, we believe that it had better assess 
the role of combination of risk factors for RCC under the 
joint term of MetS and investigate their interaction with 
each other.

We should acknowledge the limitations of our study. 
The results of our cohort should be corroborated in 
larger multicenter studies. Exposure to uncontrolled 
other nutritional or lifestyle factors that may confound 
the relationship between lifestyle and RCC, was another 
limitation. The treatment effect which was not a focus 
of our study, can be evaluated in future studies because 
treatment might change the MetS status of RCC patients. 

Based on the current evidence, reductions in the 
prevalence of cigarette smoking, overweight and HT 
are preventive strategies for RCC (Weikert et al., 2010). 
Authors of the present study believe that MetS itself 
might be an established risk factor for RCC in the future 
with support of studies describing the exact causative 
underlying mechanism.

In conclusion, we found MetS more prevalent in a 
cohort of Turkish RCC patients compared to control 
group consisting of cancer-free urologic patients. The risk 
of RCC increased with the presence and the number of 
coexisting MetS components. From a public health point 
of view, urologists need to be aware of the effect that MetS 
and its components on RCC risk and should transfer this 
knowledge to their patients.
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