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Table 1. Mean values and standard deviations (SDs) of insulin by tumor staging, grading and histological type among 60 RCC patients 

Variable

 Insulin

N Mean SD

Stage

I T1N0M0 25 17.63 26.9

II T2N0M0 14 16.08 9.44

III T3aN0M0 (N=8), T3bN0M0 (N=3), T3bN1M0 (N=4) 14 10.03 3.80

IV T1N0M1 (N=1), T1N1M1 (N=1), T2N1M1 (N=1),  
T3bN2M1 (N=1), T3cN2M1 (N=1), T4N2M1 (N=3)

7 7.76 2.28

Grade

1 5 16.02 15.54

2 22 12.96 5.65

3 20 17.48 30.30

4 9 12.52 5.33

Non-available 4 8.25 1.61

Histological type

Clear cell 42 15.38 21.52

Papillary 8 15.50 7.80

Chromophobe 6 9.76 2.36

Collecting duct 1 8.16 -

Unclassified 3 7.94 1.02

when HOMA-IR levels were taken into account, 
respectively. 

Results derived from the conditional logistic re-
gression analyses are shown in Table 4. The positive 
association of WHR (OR = 2.24, 95%CI = 1.42-3.53) 
and DM (OR = 2.32, 95%CI = 0.95-5.66) with RCC 
risk was evident in our dataset (data not shown), as 
previously reported.1,3,4 Insulin levels were inversely 
associated with the risk for RCC in the univariate 
model with an approximately 40% reduced risk in 
2nd and 3rd tertiles compared with 1st tertile (Model 
1). This association was even strengthened when DM 
and potential confounders were introduced in the full 
model 3 (OR2nd tertile = 0.24, 95%CI = 0.09-0.63, p = 
0.0038; OR3rd tertile = 0.27, 95%CI = 0.09-0.82, p = 
0.02). Likewise, when HOMA-IR, alone or controlled 
for DM, was introduced as an alternative measure 
of insulin resistance, the results were practically un-
changed (Models 2 and 4, respectively).

Discussion

In this hospital-based case-control study we found 

that two insulin resistance measures (insulin levels and 
HOMA) seem to be inversely associated with RCC 
risk. Adjustment for possible confounders, namely 
DM, WHR, education, smoking, coffee and alcohol 
consumption, physical activity, leptin and adiponectin 
serum levels, practically replicated the results.

Our study has important strengths and limitations. 
Strengths include high participation rates among 
eligible case-patients and control-subjects as well as 
strictly standardized procedures for personal inter-
view, blood sampling and laboratory analyses. The 
number of participants was limited but large enough 
to refute the null hypothesis with confidence. Our 
most fundamental concern is selection bias among 
controls. Because population-based sampling is not 
feasible in our setting, we used a secondary source, 
namely individuals attending health screening proce-
dures. We cannot provide proof that their exposure 
prevalence adequately reflects in the person-time that 
gave rise to our cases. As a corollary, our study should 
be considered hypothesis-generating for a malignancy 
with an incompletely understood etiology. Inherent 
limitations of our study design were the lack of the 




