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Abstract
Objective—To investigate the association between body mass index (BMI) and histology of renal
cell carcinoma (RCC) in a contemporary cohort, as obesity is increasingly prevalent in the USA and
might be contributing to the increasing incidence of RCC, but little is known about the relationship
of obesity with the different histological subtypes of RCC.

Patients and methods—From January 2000 to December 2007 we identified 1640 patients with
renal cortical tumours undergoing surgical extirpation at our institution, and who had their BMI
recorded. Multivariable logistic regression models were used to test the association of BMI with
RCC histology.

Results—The median (interquartile range) BMI was 28 (25–32) kg/m2 and 38% of patients were
classified as obese (BMI > 30 kg/m2). After adjusting for tumour size, age, gender, American Society
of Anesthesiologists score, estimated glomerular filtration rate, hypertension, diabetes mellitus and
smoking, the BMI was significantly associated with clear-cell histology; the odds ratios were 1.04
for each unit of BMI (95% confidence interval, CI, 1.02–1.06; P < 0.001) and 1.48 when comparing
obese vs non-obese patients (95% CI 1.19–1.84; P < 0.001). In the subgroup of patients with RCC
(excluding benign renal cortical tumours), BMI was still an independent predictor of clear-cell
histology (odds ratio 1.04, 95% CI 1.02–1.06, P = 0.001).

Conclusions—These results suggest that BMI is an independent predictor of clear-cell histology
in patients with a renal cortical tumour. While the aetiology of this phenomenon requires further
study, these findings might have implications in determining a patient's risk of harbouring a clear-
cell RCC and in subsequent treatment recommendations.
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Introduction
The diagnosis of RCC is increasing in the USA; > 54 000 new cases of RCC were expected to
be diagnosed in 2008 [1]. The widespread use of abdominal imaging has certainly contributed
to the increased detection of RCC but fails to account for it entirely [2]. Part of the increased
incidence could result from increasing rates of obesity, which has emerged as a risk factor for
RCC in several epidemiological studies [3–9]. Rates of overweight and obesity in the USA
have increased in recent decades, reaching > 70% in men and 60% in women [7]. Over a 10-
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year period, Pettus et al. showed increasing body mass index (BMI) and decreasing baseline
renal function in a group of patients with renal cortical tumours undergoing surgical excision
[10]. The exact reason for the association between obesity and RCC is not known, but
investigators have hypothesized that it might be secondary to hormonal changes (increased
levels of IGF or oestrogen), decreased immune function, or associated hypertension/diabetes
mellitus in obese patients [5,11].

Clear-cell histology is the most common and one of the more lethal RCC variants. The
relatively recent breakthroughs into the molecular pathogenesis of clear-cell RCC have
facilitated the development of new targeted therapies. Because of these advances, many of the
current clinical trials of RCC are limited to patients with clear-cell histology, underscoring the
importance of defining exactly who is at increased risk for this histological variant.

The results of two studies suggested a potential link between obesity and RCC histology. Donat
et al. reported a univariate association between clear-cell histology and BMI in a group of
surgically treated patients [12]. Also, an Italian study showed a higher risk of RCC in obese
patients found to have the clear cell histological subtype [6]. In the present study we used
multivariable analyses to examine whether BMI is associated with histology in a contemporary
cohort.

Patients and methods
After receiving institutional review board approval, we queried the Memorial Sloan-Kettering
Cancer Center prospective renal surgery database for all patients with RCC or a benign renal
cortical tumour who underwent surgery between January 2000 and December 2007. We
excluded only those patients presenting with a hereditary renal cancer syndrome. Sixty-four
patients had missing BMI data, leaving 1640 patients available for analysis.

We defined obese according to the WHO criterion (BMI ≥ 30.0 kg/m2) [13]. The estimated
GFR (eGFR) was calculated according to the abbreviated Modified Diet and Renal Disease
equation, accounting for patient age, race and last serum creatinine level before renal surgery
[14].

The primary end point of the study was renal tumour histology, which for descriptive purposes
was divided into nine categories: clear-cell, papillary, chromophobe, collecting duct,
unclassified RCC, oncocytoma, angiomyolipoma, metanephric adenoma, and other benign.
We chose to dichotomize this endpoint into clear cell vs not clear cell, allowing us to use
multivariable logistic regression models to explore the association of BMI with RCC histology.
Variables within each model were BMI, age (continuous), gender, race (white, non-white),
American Society of Anaesthesiologists (ASA) score, eGFR, tumour size (continuous),
hypertension, smoking, and diabetes mellitus. The ASA score was used as a surrogate for
general comorbidity. Hypertension and smoking were included because both are established
risk factors for RCC and could possibly confound the results [5,15]. The presence of diabetes
is closely linked to obesity, and might play a role in tumorigenesis and confound the outcome
[11]. The 1608 patients with complete data were included in the multivariable analysis.

The initial model was constructed with BMI as a continuous variable, and we included both
malignant and benign tumours. We then repeated the analysis, but changed BMI to a binary
variable at the threshold for obesity (< 30 vs ≤ 30 kg/m2). We also used the same models to
evaluate the subset of patients with RCC (excluding all benign histological variants). The
predicted probability of clear-cell histology according to BMI was calculated using a univariate
logistic regression model. We assessed any nonlinear relationship between BMI and the
probability of clear-cell histology by fitting a model including nonlinear terms for BMI. We
found no evidence of a nonlinear relationship, as the risk curves were very similar for the
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models with and without nonlinear terms; therefore, we only report the risk curve based on the
linear model. All statistical tests were two-sided, with P < 0.05 considered to indicate statistical
significance.

Results
The study group consisted of 1704 patients, of whom 1640 (96%) had available BMI data.
Table 1 outlines the patient demographics and pathological features of the group. The median
(interquartile range, IQR) age was 62 (53–70) years. Men comprised 63% (1076) of the cohort;
most patients were white (1491; 88%). The median (IQR) eGFR was 65 (56–76) mL/min/1.73
m2. A malignant tumour was present in 1492 patients (88%), and clear-cell RCC was present
in 1033 (61%), with non-clear cell histology accounting for the other 671 (39%). The median
(IQR) BMI was 28 (25–32) kg/m2; 38% of the patients were classified as obese, and of all
patients with clear-cell RCC, 415 (42%) were classified as obese. By contrast, only 62 (31%)
of patients with benign pathology were obese (Table 2).

The results of the multivariable logistic regression analyses (including both benign and
malignant tumours) are shown in Table 3; initially BMI was treated as a continuous variable.
While controlling for age, gender, ASA score, tumour size, eGFR, hypertension, diabetes
mellitus and smoking, for every 1 kg/m2 increase in BMI there was a 4% increase in the odds
of having clear cell RCC (odds ratio 1.04, 95% CI 1.02–1.06, P < 0.001). The only other
independent predictors of clear-cell histology in this model were tumour size (odds ratio 1.04,
95% CI 1.01–1.07, P = 0.02) and male gender (1.26, 1.02–1.56, P = 0.03). In addition, obese
patients were almost 50% more likely to have clear-cell RCC than those with a BMI of < 30
kg/m2 (odds ratio 1.48, 95% CI 1.19–1.84, P < 0.001; Table 3).

Figure 1 shows the predicted probability of clear-cell histology according to BMI, showing
only BMI values of 20–40 kg/m2, as the predicted probabilities for extreme BMI values become
quite unstable.

We repeated the analysis using only the subgroup of patients with RCC. BMI as a continuous
variable remained an independent predictor of clear cell RCC (odds ratio 1.04, 95% CI 1.02–
1.06, P = 0.001). Tumour size and male gender were no longer significant predictors. In this
subgroup, obese patients remained almost 50% more likely to harbour clear cell RCC than
those with a BMI of < 30 kg/m2 in a multivariable analysis (odds ratio 1.48, 95% CI 1.16–
1.89, P = 0.002).

Discussion
Several case-control and prospective observational studies have established obesity as a risk
factor for RCC, but little is known about its specific association with the different histological
subtypes of RCC [3–6,8,9]. In a group of patients with a renal mass treated with surgery, we
found increasing BMI to be independently associated with the clear-cell variant. While
controlling for all measured covariates, we found that for every 1 kg/m2 increase in BMI there
was a 4% increase in the odds of having conventional clear-cell RCC histology. This
statistically and clinically significant association remained even when BMI was treated as a
dichotomous variable within our models. Obese patients (with a BMI of ≥30 kg/m2) had a 48%
greater odds of having clear cell histology than non-obese patients.

Our results confirm and extend the findings of two other studies. Donat et al. [12] reported that
a BMI of ≥ 30 kg/m2 was associated with an increased proportion of clear-cell renal cancers.
Survival was the primary endpoint of their study, and therefore their multivariate analyses did
not specifically explore predictors of clear-cell histology in patients with RCC. Although they
found no association between BMI and survival in the patients studied, the univariate
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association of obesity with clear-cell tumours remained intriguing, as this histology is generally
considered more virulent than are the papillary and chromophobe variants. In an Italian case-
control study, RCC was associated with obesity, with the association strongest among patients
with the clear-cell subtype (odds ratio 1.84, 95% CI 1.09–3.11) [6]. Combining our findings
from a contemporary cohort of patients with these two cited studies provides more evidence
of a link between obesity and clear cell histology.

Based on the work many investigators, obesity is widely considered to increase the risk of RCC
[3–6,8,9]. In a meta-analysis examining 17 different datasets, Renehan et al. [8] confirmed a
strong association between obesity and RCC for both men and women. Chow et al. [5] studied
a large Swedish cohort and found that higher BMI independently increased the risk of RCC.
Interestingly, there was a direct relationship; even with small increases in BMI there were
increases in cancer risk. Similarly, we showed an increasing risk of clear cell histology with
incremental increases in BMI.

The exact biological mechanisms linking obesity to increased risk of RCC and of clear cell
histology are unknown, but there are several theories. An increased incidence of hypertension
and diabetes, and increased levels of IGF and oestrogen in obese patients might contribute to
tumorigenesis [5,11]. Interestingly, obesity is also associated with impaired immune function,
and recent studies of T cell co-stimulation suggest that negative regulators of T cell activation
are present on clear-cell RCC cells and are associated with adverse pathological features and
poor survival [16,17]. Our refined understanding of the association of BMI with clear-cell RCC
will hopefully help to elucidate the mechanism behind the effect of obesity on RCC risk.

Clear-cell RCC is the most common and probably the best understood variant of RCC. It
accounts for 70–80% of RCC cases; the next most common histological variants are papillary,
chromophobe and collecting-duct carcinoma. Clear-cell RCC typically results from a somatic
mutation within the von Hippel-Lindau tumour-suppressor gene found on the short arm of
chromosome 3 (3p25) [18,19]. Activation of the von Hippel-Lindau gene results in up-
regulation of hypoxia-inducible factor, leading to the increased transcription of genes like
vascular endothelial growth factor, that play a key role in renal cell tumorigenesis [20]. This
new understanding of the molecular pathogenesis of clear-cell RCC has led to rapid advances
in targeted therapy. Drugs like sunitinib, sorafenib, temsirolimus and bevacizumab block
specific molecular targets and impede tumour angiogenesis. These drugs are effective in the
clear-cell variants of RCC, but the same may not be true for the other histological subtypes.
Early identification of patients with or at risk of clear-cell RCC is needed as the role of targeted
agents expands.

Our findings could have an influence on the management of small renal masses. Although the
prognostic significance of RCC histological subtypes has been disputed [21], clear-cell
tumours are generally considered to be more aggressive than are papillary or chromophobe
cancers [22,23]. Although the diagnostic capabilities of percutaneous renal biopsy are
improving, they are not perfect. If obese patients are definitively shown to be at an increased
risk for clear-cell RCC, providers might be more aggressive in treating these patients and less
inclined to actively survey them.

Our study has some limitations; it is a retrospective case series, and as such lacks a control
group. Our results could be explained by a lower prevalence of non-clear-cell histological
subtypes in obese patients rather than higher prevalence of the clear-cell variant. However, we
consider this explanation to be unlikely, given the well documented association between
obesity and increased risk of RCC in general. As the Memorial Sloan-Kettering Cancer Center
is a tertiary-care centre, this study is subject to referral/selection bias. BMI was calculated by
height and weight at one point in time (just before surgery); weights can certainly fluctuate
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over time. Our findings need to be corroborated by others before strong conclusions are made
about the importance of this association with clear-cell RCC and obesity.

In conclusion, BMI appears to be an independent predictor of conventional clear-cell histology
in patients undergoing removal of a renal cortical tumour. As BMI increased, the odds of having
a clear-cell RCC also increased. Although the mechanism of pathogenesis requires further
study, this finding might have implications in determining a patient's risk of harbouring a clear-
cell RCC and in subsequent treatment recommendations.
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IQR interquartile range

BMI body mass index

ASA American Society of Anesthesiologists

eGFR estimated GFR
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Fig. 1.
The predicted probability of clear-cell histology according to BMI, showing an estimate based
on a univariate logistic regression model. The dashed lines indicate the 95% CI.
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Table 1

The demographic and pathological characteristics of patients with a renal mass treated surgically between 2000
and 2007

Characteristic N (%) or median (IQR)

No. of patients 1704

Age, years 62 (53–70)

Gender

 Male 1076 (63)

 Female 628 (37)

Race

 White 1491 (88)

 Black 79 (5)

 Other 134 (8)

Hypertension 894 (52)

Diabetes Mellitus 226 (13)

Smoking (ever) 852 (50)

BMI, kg/m2 28 (25–32)

 < 30* 1018 (62)

 ≥ 30* 622 (38)

ASA score†

 1 69 (4)

 2 942 (56)

 3 677 (40)

 4 7 (0.2)

Preoperative:

 creatinine, mg/dL 1.1 (1.0–1.3)

 eGFR‡ mL/min/1.73 m2 65 (56–76)

Histology

Malignant

 clear Cell 1033 (61)

 papillary 219 (13)

 chromophobe 168 (10)

 collecting Duct 3 (0.2)

 unclassified RCC 69 (4)

Benign

 oncocytoma 142 (8)

 angiomyolipoma 29 (2)

 metanephric Adenoma 8 (0.5)

 other Benign 33 (2)

Tumour size, cm 3.8 (2.5–6)

*
BMI available for 1640 patients (96%);
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†
ASA available for 1695 patients (99%);

‡
eGFR available for 1681 patients (99%).
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Table 2

Histological variants of renal masses according to BMI (data available for 1640 patients, 96%)

Histology Not obese* Obese†

No. of patients 1018 622

Malignant

Clear cell 580 (57) 415 (67)

Papillary 145 (14) 66 (11)

Chromophobe 109 (11) 55 (9)

Collecting duct 3 (0.3) 0 (0)

Unclassified RCC 44 (4) 24 (4)

Benign

Oncocytoma 90 (9) 44 (7)

Angiomyolipoma 21 (2) 6 (1)

Metanephric adenoma 7 (1) 1 (0.2)

Other benign 19 (2) 11 (2)

*
defined as BMI < 30 kg/m2;

†
defined as BMI ≥ 30 kg/m2.
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Table 3

Multivariable logistic regression analysis of factors possibly affecting clear-cell histology among all renal masses,
with BMI as a continuous or categorical variable (complete data available for 1608 patients, 94%)

Variable Odds ratio (95% CI) P

BMI (continuous) 1.04 (1.02–1.06) < 0.001

Age 0.99 (0.98–1.00) 0.10

Male gender 1.26 (1.02–1.56) 0.03

ASA score 1.13 (0.89–1.42) 0.30

Tumour size 1.04 (1.01–1.07) 0.02

eGFR 1.0 (0.99–1.00) 0.50

Hypertension 0.87 (0.69–1.09) 0.20

Diabetes mellitus 1.35 (0.97–1.86) 0.07

Smoker 1.0 (0.81–1.23) 0.90

BMI categorical

< 30 vs ≥ 30 kg/m2 1.48 (1.19–1.84) < 0.001

Age 0.99 (0.98–1.00) 0.07

Male gender 1.27 (1.02–1.57) 0.03

ASA Score 1.15 (0.91–1.45) 0.20

Tumour size 1.04 (1.00–1.07) 0.02

eGFR 1.0 (0.99–1.00) 0.50

Hypertension 0.88 (0.70–1.10) 0.30

Diabetes mellitus 1.39 (1.00–1.92) 0.05

Smoker 1.0 (0.81–1.23) 0.90

Tumour size, eGFR, and age were entered as continuous variables.
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