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Abstract

Objective Epidemiological research of recent years has

produced evidence for a role of lifestyle-associated risk

factors in the etiology of renal cell carcinoma (RCC), the

most common renal tumor. In this review, we give an

overview of recent trends in incidence and mortality and

summarize the current knowledge on risk factors of RCC.

Methods Data on incidence and mortality in the literature

were reviewed. Global incidence data were derived from the

Globocan database. A literature review of epidemiological

studies on risk factors of kidney cancer was performed, with

special emphasis on recent studies with high level of evi-

dence, i.e., meta-analyses and prospective cohort studies.

Results The incidence of renal malignancies has increased

over recent decades in the context of the more widespread

use of diagnostic imaging. However, time trends and geo-

graphic variations in incidence and mortality may also relate

to changes in the prevalence of risk factors. Cigarette

smoking, excess body weight and uncontrolled blood pres-

sure are the most important and modifiable risk factors for

RCC with a high prevalence in the general population.

Moreover, dietary habits associated with a Western lifestyle

were proposed as potential risk factors, but no food or food

group has consistently been related to RCC risk.

Conclusion Based on the current evidence, reductions in

the prevalence of cigarette smoking, overweight and

hypertension are preventive strategies for RCC. More

research is needed to establish the underlying mechanisms

linking these risk factors and renal carcinogenesis.
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Introduction

Renal cell carcinoma (RCC) is the most common renal

tumor. Epidemiological research of recent years has pro-

duced evidence for a role of a number of lifestyle-associated

risk factors in the etiology of this cancer. The incidence and

mortality of renal malignancies have increased worldwide

over the last 30 years [1], particularly in the Western world

where kidney cancer has been among the tumors with the

highest upward trend in incidence [1, 2]. Rising incidence

rates are partly attributable to improvements in diagnostic

imaging, but better detection does not explain the continued

high number of advanced tumors and the increase in tumor

size-specific mortality among kidney cancer patients [2]. In

view of the increasing incidence rates worldwide, the

identification of modifiable risk factors may open up per-

spectives for the primary prevention of RCC.

Trends and variations in global incidence and mortality

Incidence

Worldwide incidence rates are usually reported for kidney

cancer. This type of cancer was estimated to be the 14th

most common malignancy worldwide in 2002 [3]. More
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than 85% of kidney cancers are RCC, with the second most

common type being urothelial cell carcinomas of the

pelvicaliceal system. It can be assumed that the incidence

data of RCC roughly follow those reported for kidney

cancer. Reported age-standardized incidence rates vary

considerably by geographical region [3], with the highest

incidence observed in Europe and northern America [1].

The incidence rates seem to be substantially lower among

Asians, both in most Asian countries and the USA [1, 2].

These observations provide indirect evidence that the risk

of developing RCC may be higher in whites than Asians,

but may also relate to differences in the prevalence of

lifestyle-associated risk factors. The lowest incidence rates

have been reported from African countries [1], but on the

contrary the incidence rates are highest among African

Americans in the USA [2]. However, racial as well as

geographic disparities in incidence rates may be attribut-

able to differences in frequency of diagnostic imaging,

access to health care and prevalence of lifestyle-associated

or environmental risk factors. At present, data on an

independent association between race and RCC risk is

inconclusive.

Age-standardized incidence rates of RCC have generally

been reported to be higher among men than women. This

pattern is consistently observed throughout the world

(Fig. 1) with the exception of Western Africa where

reported incidence rates seem to be higher among women

[3]. Incidence data, in particular from more developed

regions of the world, suggest that men are at an increased

risk of developing RCC. A recent analysis of the SEER

database has also revealed that men present with signifi-

cantly larger (6.1 cm vs. 5.9 cm; P \ 0.0001) and higher

grade (P \ 0.0001) tumors than women [4]. Women with

RCC also had significantly improved overall survival: the

5-year survival was 69% for women and 65% for men

(P \ 0.0001). However, cancer-specific survival did not

differ significantly between women and men (5-year sur-

vival 81% vs. 78%, respectively; P = 0.960) [4].

Data from the ‘‘Cancer Incidence in Five Continents’’

database at IARC and the U.S. Surveillance, Epidemiol-

ogy, and End Results (SEER) Program indicate that inci-

dence rates in Europe and the USA increase consistently

with age, with a plateau reached around the age group of

70–75 years and above [5]. The latter effect may be due to

less frequent and rigorous diagnostic testing in this age

group.

Until recently, the worldwide incidence of RCC has

increased by approximately 2% every year. A continued

rise in incidence rates was recently confirmed across all age

groups and even for all tumor sizes in the USA, based on

an analysis of SEER data [6]. However, the most pro-

nounced increase in incidence was noted for localized and

very small tumors (\2.0 cm), indicating the effects of more

widespread use of diagnostic imaging. On the other hand,

the continued increase in larger size cancers and among the

younger age groups suggests changes in the prevalence of

risk factors. According to the recent SEER data, the per-

centage of RCC diagnosed in the localized stage ranges

between 59 and 73% depending on race and sex [6],

highlighting that around 30% of cases still present with

distant disease at first diagnosis.

In Europe, the situation is more heterogeneous, with

regional differences in incidence rates and trends over

time. The highest rates are observed in countries of Central

and Eastern Europe, whereas relatively low rates are

reported from southern Europe. Interestingly, data from a

recent European study, which analyzed kidney cancer

incidence in 1980–2004, indicate a shift toward stabiliza-

tion or a decrease in incidence in recent years in both sexes

[5]. Recently, also kidney cancer incidence rates have

decreased or stabilized in some countries in northern Eur-

ope, particularly in Sweden, whereas incidence in Eastern

Europe has generally increased (except for women in the

early 2000s) [5].

Mortality

Trends of kidney cancer mortality followed the increases of

incidence rates in countries of the Western world until

recently, although most recent data suggest that mortality

rates have leveled off [7]. All-cause mortality rates of

patients with kidney cancer in the USA have increased

from 1.5/100,000 in 1983 to 6.5/100,000 in 2002 [2].

However, 5-year relative survival has improved over time

for patients with kidney cancer from 56.4 (diagnosed in

1983–1987) to 68.9% (diagnosed in 1998–2002), presum-

ably due to the increased proportion of small tumors with a
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Fig. 1 Age-standardized incidence rates (per 100,000 persons and

year) of kidney cancer according to sex and region from the

GLOBOCAN database 2002 [3]
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generally better prognosis [2]. In Europe, overall mortality

rates for RCC increased until the late 1980s/early 1990s,

and thereafter rates have stabilized or declined in most

countries [5, 7]. In the EU, mortality rates from kidney

cancer declined from a peak of 4.8/100,000 in 1990–1994

to 4.1/100,000 in 2000–2004 in men, and declined from 2.1

to 1.8/100,000 in women [5]. Increasing rates have been

observed in some of the Eastern European countries. The

favorable trends in mortality cannot be fully explained by

improvements in diagnosis and treatment [5].

Modifiable risk factors

Cigarette smoking

Cigarette smoking has been established as a risk factor for

RCC by a large number of studies with a high level of

evidence. A meta-analysis [8] including 19 case–control

and 5 cohort studies confirmed that ever smokers, i.e., the

combined category of former smokers and current smokers,

had an increased risk of RCC compared to lifetime never

smokers. The increases in risk related to ever smoking were

estimated to be 54% for men and 22% for women. The

association between smoking and RCC is relatively weak,

but a clear dose–response relationship is evident with

higher risk estimates with heavier smoking [8]. Apart from

the effect of carcinogens contained in tobacco smoke,

cigarette smoking may increase RCC risk through chronic

tissue hypoxia and lipid peroxidation.

There is only limited evidence to suggest that smoking

cessation may reduce the risk of RCC in ever-smoking

men after 10 years or longer of non-smoking [8, 9].

Limited data from few case–control studies suggest a

potential association between passive smoking, i.e., pas-

sive exposure to tobacco smoke among non-smokers, and

RCC [9, 10].

Overweight/obesity

Excess body weight has been established as a risk factor

for RCC in several case–control and cohort studies. Most

studies investigated body mass index (BMI) using self-

reported body weight and height. A meta-analysis [11] of

prospective studies provided evidence for an association

between BMI and risk of RCC with summary risk esti-

mates (per 5 kg/m2 increase in BMI) of 1.24 in men and

1.34 in women. The results suggested a somewhat stron-

ger association in women than in men, but this difference

was not robust. A quantitative review of earlier studies

found equally strong associations among men and women.

Overall, evidence on sex-specific differences in the asso-

ciation between BMI and RCC risk is not conclusive.

A recent investigation in a large European multicenter

cohort with detailed information on anthropometric vari-

ables and confounding factors confirmed an independent

association between BMI and RCC risk in women, but not

in men. Studies investigating body fat distribution sug-

gested an increased risk of RCC with increasing waist-to-

hip ratio [12–14], but evidence is too limited to conclude

that abdominal obesity is a risk factor for RCC indepen-

dently of BMI or body weight. Limited data suggest an

increased risk of RCC with weight gain or weight fluc-

tuations [12, 13, 15].

Blood pressure, hypertension and use of

antihypertensive medications

Hypertension or its treatment has been associated with the

risk of RCC in several large prospective cohort studies

[15–19]. Three cohort [15, 18, 19] and one case–control

study [20] measured blood pressure and observed an

increased risk of RCC with elevated blood pressure, with a

clear dose–response relationship reported in two cohort

studies [15, 19]. In one study reporting risk estimates for

both sexes combined [19], individuals with systolic

(C160 mmHg) or diastolic (C100 mmHg) hypertension

had more than double the risk compared to individuals with

a systolic blood pressure below 120 mmHg and a diastolic

blood pressure below 80 mmHg, respectively. The inde-

pendent contribution of blood pressure level and antihy-

pertensive medication use have generally been difficult to

distinguish, as most studies are based on a diagnosis of

hypertension that is inevitably linked to treatment with

antihypertensive drugs. Data from one case–control study

and one adequately powered cohort study indicate that high

blood pressure, rather than the use of antihypertensive

medication, increases RCC risk [19, 20]. Other studies did

not consider blood pressure and medication use indepen-

dently of each other. Data from two cohort studies suggest

that better control of blood pressure may lower RCC risk

[15, 19], whereas use of antihypertensive medications

including diuretics is probably not a causal risk factor [16,

17, 19, 20]. The association observed between use of

diuretics and other antihypertensive drugs may thus be due

to confounding by a history of hypertension, but data on

this issue remain inconclusive.

Other medical factors

End-stage renal disease, in particular in connection with

acquired renal cystic disease (ARCD), is thought to

increase the risk of RCC. The incidence of RCC seems to

be much higher in ARCD patients than in the general

population [21]. However, the independent contribution of

ARCD controlling for other important risk factors remains
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unclear. Given the relatively low prevalence in the general

population, the proportion of RCC cases attributable solely

to ARCD will be relatively small.

The role of type 2 diabetes mellitus as a risk factor of

RCC is controversial [22], and diabetes may not be asso-

ciated with RCC risk after adjusting for obesity and

hypertension [23]. Use of nonsteroidal anti-inflammatory

drugs has not been consistently linked to RCC risk.

Occupational factors

Several occupational risks have been associated with RCC,

such as working in iron and steel industry, and blast- or

coke-oven industry, and exposure to dry-cleaning solvents,

petroleum products and asbestos. However, none of these

exposures or occupations has been conclusively associated

with RCC risk in large epidemiological studies and, based

on the current evidence, RCC cannot be considered an

occupation-related cancer [24].

Diet/nutritional factors

Fruits and vegetables

Diets rich in fruits and vegetables contain putative anti-

carcinogenic and antimutagenic substances and have been

recommended for preventing cancer. However, convincing

evidence for a protective role of these dietary components

in cancer development is lacking for most malignancies,

including RCC. A number of case–control studies reporting

on associations between intake of fruits and vegetables and

RCC risk have given inconclusive results. Although high

fruit and vegetable consumption was associated with a

decreased risk of RCC in a pooled analysis of several

cohort studies [25], other large prospective cohort studies

[19, 26] failed to demonstrate such an association. Alto-

gether, there is no convincing evidence to suggest that high

intake of fruit or vegetables may lower the risk of devel-

oping RCC.

Foods from animal sources

Geographic variations in incidence and mortality suggest a

role for environmental and dietary factors in the etiology of

RCC. In particular, dietary habits associated with a Wes-

tern lifestyle have been proposed as potential risk factors of

RCC. Indeed, the consumption of red or processed meat

was associated with increased risk of RCC in a meta-

analysis of case–control studies [27]. However, this asso-

ciation to risk was not confirmed in a pooled analysis of

cohort studies [28], and the role of meat consumption needs

to be studied further.

Other food groups including fish, poultry and dairy

products could not be consistently linked to the risk of

RCC in previous case–control or cohort studies. Interest-

ingly, the risk of RCC was lower among women with high

consumption of fatty fish in a Swedish cohort study [29],

but this association needs confirmation in other cohort

studies.

Alcohol and other beverages

According to recent cohort studies [23, 30], moderate

alcohol consumption may lower the risk of RCC compared

to non-consumers or heavy alcohol drinking. However,

more data from prospective cohort studies is needed to

confirm alcohol intake as a risk factor of RCC. Data on

other beverages including coffee, tea, soft drinks or juices

are not conclusive.

Nutrients

The current evidence, in particular from prospective cohort

studies, does not suggest that intake of macronutrients,

such as protein and fat, is associated with RCC risk [28,

31]. In a recent Canadian study, intakes of total fat, satu-

rated fat, monosaturated fat, trans fat and cholesterol were

all associated with risk of RCC, and fiber intake was

inversely associated. However, no associations were

observed in prospective cohort studies [28, 31]. The inverse

associations between RCC risk and nutrients of plant ori-

gin, such as carotenoids [25, 32, 33] and flavonoids [33],

deserve further study. Data on vitamin intake and RCC risk

have been inconclusive, although a recent case–control

study reported that variants in the vitamin D receptor gene

may be related to RCC risk [34].

Genetic factors

The genetic background of RCC is illustrated by its asso-

ciation with family history [35]. Having a first-degree

relative with kidney cancer is associated with an increased

risk of RCC. According to a recent case–control analysis

with systematic meta-analysis, a history of RCC in first-

degree relatives was associated with a 4.3-fold (95% CI,

1.6–11.9) increase in RCC risk [36]. A family history of

kidney cancer was associated with a 2.8-fold (95% CI, 1.0–

7.8) increased risk of RCC, and the meta-analysis further

confirmed this association, with a 2.2-fold increased risk of

RCC (95% CI, 1.6–2.9). A study evaluating familial

aggregation among RCC patients in Iceland demonstrated a

2–3-fold increase in RCC risk for first-degree relatives, and

a 1.6-fold increased risk for third-degree relatives [37].
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Approximately, 2–3% of RCC can be directly attributed

to inherited genetic defects. Four familial renal cell carci-

noma syndromes have been described (reviewed in Ref.

[38]): the von Hippel–Lindau (VHL) syndrome caused by

loss of function mutations in the VHL gene and associated

with clear-cell RCC, hereditary papillary RCC caused by

activating mutations in the c-Met proto-oncogene and

associated with type 1 papillary RCC, familial leiomyo-

matosis and RCC linked to mutations in the fumarate

hydratase gene and associated with type 2 papillary RCC,

and the Birt–Hogg–Dubé syndrome caused by mutations in

the folliculin tumor suppressor gene and associated with

chromophobe RCC and oncocytomas, but also other sub-

types of RCC. Inherited clear-cell RCC is the most com-

mon and best studied of these forms. In addition to its

association with inherited clear-cell RCC, the VHL gene is

often mutated in sporadic non-inherited RCC.

Conclusions

The incidence of RCC has increased over recent decades

in the context of the more widespread use of diagnostic

imaging and the increasing prevalence of risk factors.

Cigarette smoking, excess body weight according to

increases in BMI and hypertension are established modi-

fiable risk factors of RCC increasing the risk indepen-

dently of each other in both sexes. Elevated blood

pressure increases RCC risk, while use of antihyperten-

sive medications per se may not be a risk factor as long

as blood pressure is effectively controlled. Smoking,

overweight and hypertension may together explain as

much as 50% of all RCC cases [39]. Thus, reductions in

the prevalence of cigarette smoking, excess body weight

and uncontrolled blood pressure are preventive strategies

for RCC.

Further research should aim at uncovering the underly-

ing mechanisms explaining the relationship between risk

factors, such as overweight and hypertension, and RCC.

The hypotheses of increased lipid peroxidation and chronic

kidney damage are interesting leads in this context.
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