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Abstract

To perform a systematic review of modifiable risk factors associated with the incidence of renal cell cancer (RCC). A systematic search
of the literature was conducted using PubMed, Cochrane, and Web of Science databases from January 1996 until August 2017. We also
extracted articles from the reference lists of identified studies and reviews. We targeted modifiable risk factors for RCC to include exercise,
smoking, alcohol, diet, obesity, hypertension, and diabetes. We utilized predefined inclusion criteria and the Preferred Reporting Items for
Systematic Reviews and Meta-analysis statement. We identified a total of 464 relevant articles and excluded 209 via title and 130 after
abstract review. We thoroughly reviewed a total of 125 manuscripts. Seven supplementary tables describe (a) case controls and (b) prospec-
tive cohort studies. We summarize the tables in figures to visualize the overall impact of these studies association (beneficial, harmful, or
null) with RCC. Total physical activity if beneficial (10/12 studies), smoking is harmful (13/14 studies), alcohol was protective (i.e., benefi-
cial, 13/16 studies), diet was indeterminate (13 beneficial, 13 harmful, and 9 nulls), obesity and hypertension were overwhelmingly harmful
(36/36 studies and 17/18, respectively), and diabetes was detrimental (23/27 studies). Modifiable risk factors play an essential role in the

development of RCC, and we should develop targeted RCC prevention strategies in at-risk individuals. Published by Elsevier Inc.
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1. Introduction

Kidney cancer (i.e., renal cell cancer [RCC]) is esti-
mated to have a worldwide incidence of 270,000 cases
yearly and nearly 116,000 deaths [1]. In the United States,
estimates indicate 65,150 new cases and 13,680 deaths
from kidney and renal pelvis cancers in 2017 with approxi-
mately 35% presenting as a metastatic disease [2].

While there is no recommendation for screening for
renal cell carcinoma (RCC), the frequency of RCC contin-
ues to rise [3]. The rising number of RCC cases is believed
to be a result of improved imaging techniques and increased
accidental tumor discovery [4]. Moreover, epidemiological
studies attribute a rise in RCC to the increased prevalence
of associated risk factors such as obesity and hypertension
[3]. Currently, we use the term modifiable risk factor to
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identify those negative influences on a disease that can be
changed to potentially impact health outcomes.

Lifestyle modifications have been shown to reduce the
incidence of a variety of cancers as well as improve cancer-
specific survival [5]. Therefore, lifestyle interventions can be
an inexpensive preventative and adjunctive program tailored
to the individual patient and may affect outcomes. To under-
stand the body of literature investigating modifiable associa-
tions with RCC, we provide a systematic review of the
literature of the following specific modifiable lifestyle risk
factors: physical activity, smoking, alcohol consumption,
diet, obesity, Diabetes Mellitus (DM), and hypertension.

2. Evidence acquisition

2.1. Protocol and registration

We used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement, which is an
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evidence-based minimum set of items reporting in system-
atic reviews [6]. We registered the study with PROSPERO
International prospective registry of systematic reviews
(CRD420130005630).

2.2. Eligibility criteria

We performed a literature review search using PubMed,
Cochrane, and Web of Science databases from January
1996 until August 2017. We excluded search terms
“uroepithelial cell carcinoma,” “transitional cell
carcinoma,” “genetic,” “occupational risk factors,” or
“familial.” We excluded meta-analyses and systemic
reviews.

2.3. Information sources

We reviewed only published articles on Cochrane and
Web of Science databases in English, and performed no fur-
ther communication with other study authors. No additional
datasets were used or obtained for this review.

2.4. Search

We used the following search terms as our primary vari-
ables: “kidney cancer” and “renal cell carcinoma.” We par-
titioned modifiable behavior, or lifestyle risk factors into
smoking, alcohol, physical activity, and diet. We divided
modifiable metabolic risk factors into obesity, hyperten-
sion, and diabetes. We first used the secondary search varia-
bles for behavioral risk factors associated with exercise,
smoking, alcohol, and diet. We included the following
search terms: physical activity, exercise, smoking, alcohol
consumption, and diet (to include fat, meat, and carbohy-
drates). Second, we searched for conditions associated with
the following metabolic risk factors: obesity, body mass
index (BMI), waist circumference, hypertension, high-den-
sity lipoprotein, low-density lipoprotein, cholesterol, trigly-
cerides, dyslipidemia, diabetes, glucose, and hemoglobin
Alc.

2.5. Study selection

We excluded all meta-analyses and systematic reviews
from the final list, but included them while reference min-
ing for other sources. We divided the literature into 2 broad
categories: behavioral risk factors and metabolic risk fac-
tors. We classified these categories into subdivisions. We
separated the searches from longitudinal studies (cohort)
and case-control studies as each has different intrinsic
biases. Within each group, we extracted data such as rela-
tive risks, hazard ratios (HRs), standard incidence ratios,
and odd ratios; these measures were then summarily placed
into tables for review.

2.6. Data collection process

We display our data collection processes in Fig. 1.

2.7. Data items

Search terms were used in PUBMED only, and we
obtained no further data from outside sources. We did
exclude studies not directly related to the selected lifestyle
modifications as a primary outcome for simplification.

2.8. Risk of bias in individual studies

We divide tables into cohort studies and case-control
studies to be transparent about the strength of associations
inferred from the inherent bias of study design. Addition-
ally, we added the sample size of each study to provide the
reader with information regarding enrollment. We do not
report on publication bias.

2.9. Summary measures

We give summary measures for each study in the
attached tables. Case-control studies we reported odds
ratios, and in cohort studies, we indicate the relative risk,
HR, or standard incidence ratios provided in the original
manuscript.

2.10. Synthesis of results

We perform a descriptive analysis of the literature
reviewed. After initial review and selection of articles to
urologists (OAB and MAL), we discuss the findings for
study inclusion and consensus of the manuscript. We do not
use further statistical analysis. We use funnel plot diagrams
as a descriptive analysis of the current literature.

2.11. Risk of bias across studies

A qualitative assessment was performed using the guide-
lines for assessing quality in the research based on potential
biases [7]. We included some aspects of the confounders
and outcome measurements within the summary tables.

3. Evidence synthesis

3.1. Search results

We identified 441 relevant research articles searching
the different databases. After conducting a reference search,
our research article total increased to 464 articles based on
the title. We examined the abstracts of 464 articles and
selected 255 articles for full review. We rejected 130
articles as per exclusion criteria, providing a total of 125
research articles for review (Fig. 1).
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N= 158

Fig. 1. Literature search flow chart.

3.2. Exercise

Physical activity and obesity could exert an effect on car-
cinogenesis through different independent mechanisms
[8,9]. The basic mechanisms that could link physical inactiv-
ity and cancer include chronic inflammation, impaired
immune surveillance and responsiveness, adipokine dysre-
gulation, impaired insulin sensitivity, and an increase in cir-
culating levels of sex hormones [10,11]. We found a total of
12 articles relevant to physical activity and the effect on
RCC (Fig. 2). Five studies were longitudinal studies

investigating the association of physical activity and inci-
dent RCC (Supplementary Table 1a) [12—16] Overall, there
is no obvious trend with exercise and incidence of RCC.
Only 3 studies concluded a protective effect, one of which
only showed the protective effect in women [12,14]. Three
studies reported relative risk ranging from 0.66 to 0.87 com-
paring the highest level of exercise to low, leisure, or regular
daily activity [14,15]. Any activity level seemed to have a
small protective effect in all studies. Two studies obtained
an HR, one describing a sitting time more than 9 hours com-
pared to less than 3 hours showed an association with
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Fig. 2. Funnel plot of physical activity vs. kidney cancer incidence and prevalence.

incident RCC (HR 1.11) [13]. Williams found that running
and walking may reduce incident RCC risk with HR range
0.24 t0 0.39 [16]. We noted 7 cases control studies examin-
ing the association of RCC and physical activity (Supple-
mentary Table 1b) [17—23]. Most studies used various
descriptions of physical activity, such as a level of activity
(low, medium, and high), activities per week, or quartiles.
These studies show a protective effect of exercise reducing
RCC prevalence in general. On the other hand, other authors
identified an association between a lack of lifetime recrea-
tional physical activity and RCC risk [20]. One study noted
a protective effect only in women [21]. Other study shows
low levels of physical activity may increase the risk of RCC
in whites. In contrast, higher levels of physical activity did
not appear to offer a similar protective effect in blacks [23].

3.3. Smoking

Smoking is a well-established risk factor for renal cell
carcinoma (RCC) [24]. Despite a steady decline in the pro-
portion of Americans who smoke during the last 50 years,
more than 20% of Americans continue to smoke regularly
today [25]. Genetic alteration induced by smoking gene
could be involved in increasing the risk of RCC develop-
ment [26]. We identified 14 research articles discussing the
effects of smoking on the risk of RCC (Fig. 3). Six longitu-
dinal (cohort) studies investigated smoking and incidence
of RCC representing 3 countries (Supplementary Table 2a)
[12,27—31]. All 6 studies showed an increased risk of RCC
with an approximate relative risk of 1.3 to 2.3. Two studies
indicate that the risk may be higher for male smokers than

female smokers [12,30]. Studies investigating former smok-
ers compared to current smokers show less risk associated
with those not currently smoking. Macleod et al. was the
only study to provide an HR regarding the incidence of
RCC and the length of time the person had smoked [28].
They proposed that those people who smoke for more than
20 years have a 50% greater chance of developing RCC
compared to those who never smoked. Eight studies were
prevalent in RCC studies with only 1 null study, while the
rest showed a higher association of smoking with RCC
(Supplementary Table 2b) [32—39]. The majority of studies
observed positive associations of smoking with renal cell
carcinoma. Two studies attempted to get at pack-years of
smoking without obvious trends; however, both did not
include the number of years from cessation to significantly
reduced RCC prevalence [34,36].

3.4. Alcohol

Nearly 88,000 people die from alcohol-related causes
annually in the United States [40]. There is a significant
consensus of an association between alcohol consumption
and several types of cancer [41,42]. The increased activ-
ity of total aldehyde dehydrogenase in RCC may be the
factor intensifying carcinogenesis because of increasing
the ability to highly carcinogenic acetaldehyde formation
[43]. We found a total of 16 research articles discussing
the effects of alcohol intake on the risk of developing
RCC (Fig. 4). Ten of the articles were cohort studies
investigating the incidence of RCC studies compared to
the amount of alcohol intake representing 3 countries
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Fig. 3. Funnel plot of smoking vs. kidney cancer incidence and prevalence.

(Supplementary Table 3a) [12,28,44—51]. About half of
the studies used grams of alcohol as a measurement,
while other studies used quartiles or number of drinks.
Nine out of 10 studies show a protective effect of increas-
ing alcohol consumption and incident RCC with approxi-
mate relative risks of 0.4 to 0.8 in the majority of studies.
One study in which the analyses stratified by smoking
status, further support that alcohol consumption is associ-
ated with reduced RCC risk, regardless of sex or alco-
holic beverage type [51]. The VITAmins and Lifestyle
(VITAL) study shows no association between alcohol
intake and RCC. However, because VITAL was a study
of supplements and health-related behavior, it may have
attracted a larger, health-conscious group with lower
drinking habits [28]. We identified 6 studies as case-con-
trol studies investigating the prevalence of RCC associ-
ated with alcohol consumption representing 5 countries
(Supplementary Table 3b) [52—57]. The case-control
studies were more mixed regarding the protective effects
of alcohol and also had a much larger range of compari-
sons. Only 4 studies showed a protective association of
alcohol and prevalence of RCC with an approximate
range of odds ratios of 0.6 to 0.8. One of these studies
was significant only in women [52]. A study in Europe
did not find an association between total alcohol con-
sumption and RCC, with no sex-specific effects [54].

3.5. Diet
Research estimates that dietary modification may pre-

vent more than 30% of cancers [58,59]. We found a total
of 35 articles discussing the effects of various food items

and their effect on the development of RCC (Fig. 5). Sev-
enteen of the articles are longitudinal studies examining
the associations of dietary intake and incident RCC (Sup-
plementary Table 4a), [28,60—75]. Two studies investi-
gated harmful triglycerides. Dietary studies have many
variations in the variables examined, and the amount was
analyzed. There was convincing evidence that fruit and
vegetables decreased the risk of cancers of the mouth and
pharynx, esophagus, stomach, and lung [76]. Two large
studies (n=1,816 and n=1,478) from the United States
examining fruits and vegetable intake noted a protective
effect from RCC; however, 4 smaller studies (all <310
patients) noted no association. The increase in RCC inci-
dence in the United States and other developing nations
suggests that factors related to western lifestyles, such as a
diet high in meats, processed foods, and starches, may
play an important role in RCC etiology [68]. Three studies
examined exposure to red meat. Two large studies, one
from the United States (n = 1,814), found a harmful associ-
ation with red meat, and other data from European study
support an association between red meat consumption and
risk of RCC only in women [73,77]. However, 2 U.S. stud-
ies (total n =1,699) noted no association [69,72]. Approxi-
mately 85% of dietary lycopene originates from tomato
fruit or tomato-based products, including juice, ketchup,
soup, pizza, and pasta sauces. Other sources include
watermelon, pink grapefruit, guava, and papaya [78]. One
study in the United States shows an increase in lycopene
intake among postmenopausal women associated with a
lower risk of RCC [74]. Lycopene also found to reduce
the number and size of RCC developing in the genetically
susceptible TSC2 mutant Eker rats [79]. Other novel
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Fig. 4. Funnel plot of alcohol consumption vs. kidney cancer incidence and prevalence.

studies suggest that sodium intake is a potential indepen-
dent risk factor for RCC with a significant increase in
RCC risk per increment of 1 g/d [75]. Perhaps, high renal
sodium load constitutes to RCC carcinogenesis through
inflammation, as sodium is suggested to have inflamma-
tory properties, which can have tumor-promoting conse-
quences [80,81]. Regarding case-control studies, 18
studies investigated diet and RCC prevalence (Supple-
mentary Table 4b) [54,68,82—97]. Three studies show
fruit intake has a protective effect, while 4 studies noted
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null effect. Seven studies show protective, and 1 shows no
association of vegetable with the RCC. Six studies investi-
gated dairy products in which 4/6 noted associations with
RCC. Ten studies investigated red meats noting a harmful
association in 9/10 studies with 1 study indicated a partic-
ular harmful association is when the meat is barbequed.
One study found significant associations between meat
intake and RCC risk. The interindividual variation in RCC
risk may be due to both genetic susceptibility and modifi-
able dietary risk factors such as mutagenic compounds
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Fig. 5. Funnel plot of diet vs. kidney cancer incidence and prevalence.
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caused by various methods of cooking meat [96]. Three
additional studies investigated cholesterol intake, 2 had
harmful, and 1 had a protective association with the RCC.
An Italian case-control study explored the association
between proinflammatory diet (e.g., high consumption of
sugar and processed meat) and RCC as a high-risk factor
especially among female [97].

3.6. Obesity

Overweight (BMI >25 kg/m?) affects more than 1 bil-
lion people, and more than 300 million of them are consid-
ered obese (BMI >30 kg/mz) [98]. Overweight or obesity
is an established cause of several cancers including breast,
endometrium, esophagus (adenocarcinoma), renal, and
colon and rectum [99]. Adiposity, which is a strong corre-
late of higher BMI, is known to contribute to inflamma-
tion. Adipocytes also secrete multiple products including
adipokines (leptin and adiponectin) and inflammatory
cytokines implicated in modulating cancer risk [100,101].
We identified 36 research articles discussing the effects of
obesity on RCC (Fig. 6). Cohort studies investigated the
incidence of RCC among a selected population (Supple-
mentary Table 5a). Of the 21 studies investigating RCC
incidence and obesity, we show a positive correlation in
all studies totaling over 18,000 patients [12,28
—30,70,77,102—116]. A Twenty-year prospective study
on a Korean population showed a significant association
between obesity and RCC among men and women (RR
1.46 for obese men; RR 1.40 for obese women) [113]. In 2
large studies, one is Canadian and the other in Australia,
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cancer cases were found to be attributable to excess body
weight slightly higher in male (25.4%, 20% respectively)
than female (23.0%, 17% respectively) [115,116]. A study
on postmenopausal women found that measurement of
abdominal adiposity is stronger than BMI, and when BMI
and WC mutually adjusted, WC showed a stronger associ-
ation compared to BMI [114].The majority of the 15 case-
control studies observed positive associations of obesity
and the prevalence of RCC with increasing BMI (Supple-
mentary Table 5b) [17,19,20,33,35,117—126]. BMI was
almost uniformly used in case-control studies to examine
the association of obesity among 5 different countries.
Three studies with over 1,000 patients a trend to increased
risk with increasing BMI was noted, especially those with
a BMI >30 having nearly a 3-fold increased the risk of
RCC [35,117,121]. Four studies focus on adiponectin as a
marker for obesity. One study among male smokers shows
the highest quartile of adiponectin having a 50% less risk
of RCC [122]. Liao et al.’s study suggests that there may
be racial differences in the associations between adipo-
cytes and RCC risk; however, they did not find an associa-
tion between obesity and RCC [124].

3.7. Hypertension

The prevalence of hypertension is increasing in the
United States, particularly among blacks and among
women, which may explain in part the recent demographic
trends of increasing RCC incidence in these groups [127].
One hypothesis is that chronic renal hypoxia, as occurs in
established hypertensive nephrosclerosis, causes local up-

H EEe

¢ INCIDENCE

M PREVALENCE

1000 1500 2000

SAMPLE SIZE: KIDNEY CANCER CASES

Fig. 6. Funnel plot of obesity vs. kidney cancer incidence and prevalence.
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Fig. 7. Funnel plot of hypertension vs. kidney cancer incidence and prevalence.

regulation of hypoxia-inducible factors, lipid peroxida-
tion, and formation of reactive oxygen species [128,129]
Genetic modification by hypertension or sodium intake
found to be associated with RCC risk, indicating that the
renin—angiotensin—aldosterone system may be a candi-
date pathway in RCC etiology [130]. We identified 18
research articles were found relevant to hypertension and
the risk of RCC (Fig. 7). Ten longitudinal articles focused
on various aspects of hypertension and incident RCC
(Supplementary Table 6a) [12,28—30,70,111,131—134].
Seven out of the 10 studies showed a higher rate of inci-
dent of kidney cancer in patients with hypertension, while
1 study did not find this association in men. One cohort
study on adolescents with hypertension shows no evidence
of increased risk for those with an established diagnosis of
hypertension after 17 years follow-up [133]. The largest
studies were from Sweden (n = 855) and the United States
(n=1759) both showing increase the risk of RCC with the
severity of hypertension [28,70]. Both studies stress the
importance of diastolic blood pressure as well as systolic
blood pressure. Five studies used relative risk to describe
the association noting the range to be 1.2 to 2.2 compared
to nonhypertensive controls. Four studies use HRs as a
descriptive measure for the risk of RCC with a range from
0.32 to 3.33 depending on the severity of hypertension.
Other study found an independent association between
obesity and hypertension with the development of RCC
and shows a robust association in long-term follow-up in
U.S. men and women [134]. Eight articles had a case-
control study design examining prevalence of RCC in
hypertensive  patients  (Supplementary  Table  6b)
[33,35,117,123,135—138]. An examination of the data

showed that all articles described an association between
hypertension and an increased risk of RCC. The odds
ratios ranged from 1.12 to 2.6. Most studies investigated
hypertension as an all-or-none event; however, 1 study
noted that those with more poorly controlled are 2 times
more likely also to have RCC [137].

3.8. Diabetes

Diabetes was associated with a 17% and 21% increased
risk of developing any cancer and death from any cancer,
respectively [139]. Insulin resistance, hyperinsulinemia,
proinflammatory status, and increased oxidative stress
may be the underlying mechanisms that increase the can-
cer risk among diabetic patients [140,141]. We identified
27 research articles discussing the effect of diabetes on
the risk of incident RCC (Fig. 8). We identified 20 longitu-
dinal studies investigating the incidence of RCC associ-
ated with those diagnosed with diabetes mellitus only 2 of
which were null studies (Supplementary Table 7a)
[12,28,50,70,71,135,136,142—160]. Nearly all (18/20)
noted an association between diabetes and eventual devel-
opment of RCC. The largest study performed on the topic
was from the United States with over 8,000 patients with a
relative risk of 1.09 in those with diabetes compared to
those without diabetes [144]. A Swedish study of over 800
people noted HRs over 2.5 in quintiles compared to the
lowest quintile; however, this was not reproduced in any
other studies [70]. For example, a study from South Korea
and the UK noted increased RCC with increasing glucose
levels, none of the HRs were above 2 [71,143]. TIDM
was associated with a more than 2-fold increase in risks of
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Fig. 8. Funnel plot of diabetes mellitus vs. kidney cancer incidence and prevalence.

RCCs in men (2.12; 95% confidence interval 1.06—3.79)
[152]. A study in Taiwan (n = 1,898) found that the risk of
RCC significantly increased diabetic men and women
with age >45 and >65 years, respectively [149]. Seven
studies utilized a case-control data analysis investigating
diabetes association with RCC studies (Supplementary
Table 7b) [135,136,157—161]. These studies show a split
between null (2 studies) and those with an association
(5 studies). The majority of studies investigated diabetes
compared to nondiabetes and obtained odds ratios ranging
from 1.06 to 6.3. Only 1 study investigated the difference
between glycemic index and glycemic load via quintiles
noting trends in higher quintiles associated with higher
prevalence of RCC [159]. In that particular study, those
with a glycemic load in the highest quintile had a 2.5-fold
higher risk of RCC compared to the lowest quintile.

4. Conclusions

Increased use of diagnostic imaging will likely increase
the number of incidental renal tumors. Unfortunately,
many RCCs are found at advanced stages and become diffi-
cult to treat. One strategy focuses on modifiable risk factors
such as regular exercise, alcohol with low-to-moderate
consumption, and fruit and vegetables have a protective
association with the RCC. Smoking cessation programs
and weight loss programs may be beneficial for those at
risk. Regular primary care visits are essential to maintain

healthy blood pressure and prevent diabetes. Further stud-
ies are needed to understand the molecular basis behind
these associations for the prevention of renal cell carcino-
genesis and to improve outcomes.
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