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Abstract
Background—Recent findings indicate that vitamin D obtained from ultraviolet (UV) exposure
may reduce the risk of a number of different cancers. Vitamin D is metabolized to its active form
within the kidney, the major organ for vitamin D metabolism and activity. Since both the
incidence of renal cell cancer and prevalence of vitamin D deficiency have increased over the past
few decades, this study sought to explore whether occupational UV exposure was associated with
renal cell carcinoma (RCC) risk.

Methods—A hospital-based case-control study of 1,097 RCC cases and 1,476 controls was
conducted in four Central and Eastern European countries. Demographic and occupational
information was collected to examine the association between occupational UV exposure and
RCC risk.

Results—A significant (24%-38%) reduction in RCC risk was observed with increasing
occupational UV exposure among male participants. No association between UV exposure and
RCC risk was observed among female participants. When analyses were stratified by latitude as
another estimate of sunlight intensity, a stronger (71%-73%) reduction in RCC risk was observed
between UV exposure and cancer risk among males residing at the highest latitudes.

Conclusion—The results of this study suggest that among males there is an inverse association
between occupational UV exposure and renal cancer risk. Replication studies are warranted to
confirm these results.

Keywords
RCC; renal cell carcinoma; renal cancer; kidney cancer; vitamin D; UV; UVB; sunlight;
occupational exposure; occupational sunlight exposure

Introduction
The incidence of renal cell carcinoma (RCC), the main form of kidney cancer, has increased
both in the United States (U.S.) and globally over the past two decades. 1, 2 Reasons for this
increase remain speculative; however, reduced vitamin D could be a contributing factor.
Recent large scale epidemiological studies, many of them ecological, have shown linear
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inverse associations between solar ultraviolet (UV) B exposure and incidence and/or
mortality rates for breast, colorectal, ovarian, and prostate cancer and Hodgkin and non-
Hodgkin lymphoma (NHL). 3, 4 Anti-carcinogenic properties of vitamin D include
inhibition of clonal tumor cell proliferation, induction of immune cell differentiation and
apoptosis, and decreased angiogenesis. 5, 6 Yet, throughout the U.S. and Europe, widespread
vitamin D deficiency/insufficiency continue to be a problem for all age groups because of
inadequate vitamin D intake and decreased sun exposure, possibly due to a sedentary
lifestyle. 4

Vitamin D is a fat-soluble vitamin found in food and synthesized in the skin upon exposure
to solar UVB rays. 7 Fortified foods, such as milk, butter, and cereal are common sources of
vitamin D in the U.S. and Canada. However, in most countries, very few foods naturally
contain significant amounts of vitamin D. The majority of individuals obtain most of their
vitamin D though sunlight exposure. 7 In general, UVB exposure accounts for
approximately 90% of 1,25-dihydroxyvitamin D (1,25(OH)2D3) levels, the biologically
active form of vitamin D. 4, 8 After vitamin D is produced in the skin or consumed in food,
the vitamin is hydroxylated in the liver and subsequently in the kidney to form
1,25(OH)2D3. 7-11

Although both the incidence of renal cell cancer and prevalence of vitamin D deficiency
have increased over the past two decades, the relationship between UVB exposure and
kidney cancer has not been explored. 1, 9, 10 Given the widespread public health interest in
vitamin D and its potential cancer prevention promise, it is important to investigate the
relationship between vitamin D and cancer risk, particularly renal cell carcinoma (RCC)
since the kidney is the major organ for vitamin D metabolism and activity, and calcium
homeostasis. 9-11 In the present study, we investigated the association between estimated
exposure to occupational sunlight and RCC risk in one of the largest, multi-centered renal
case-control studies conducted to date in Central and Eastern Europe, an area with one of the
highest rates of RCC in the world 2 and an area were fortification of foods with vitamin D is
not a common practice.

Material and Methods
Study Population

From 1999 through 2003, a hospital-based case-control study of RCC was conducted in
seven centers in four countries of Central and Eastern Europe (Moscow, Russia; Bucharest,
Romania; Lodz, Poland; and Prague, Olomouc, Ceske-Budejovice, and Brno, Czech
Republic). Cases, aged 20-88 years, included patients with newly diagnosed histologically
confirmed RCC (IDC-O-2 codes C64) who had lived in the study areas for at least one year
and were interviewed within three months of diagnosis. RCC tumors were histologically
confirmed at the National Cancer Institute (NCI) by a world expert in renal tumor pathology.
Frequency-matched to cases on age (+/- 3 years), sex, and place of residence, controls were
selected from patients admitted to participating hospitals for diagnoses unrelated to smoking
or urological disorders (diseases of the kidneys or urinary tract) with the exception of benign
prostatic hyperplasia. No single disease made up more than 20% of the control group. Some
controls were also recruited in parallel for studies of lung and head and neck cancers. 12, 13

All participants were of Caucasian descent. The final number of participants for analysis in
this study included 1,097 renal cancer cases and 1,476 controls. The response rates across
study centers for study participation ranged from 90.0% to 98.6% for cases and from 90.3%
to 96.1 % for controls. All subjects provided written informed consent. This study was
approved by the institutional review boards of all participating centers.

Karami et al. Page 3

Cancer. Author manuscript; available in PMC 2011 April 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Occupational Exposure Assessment
Interviewers were trained in each center to perform face-to-face interviews of cases and
controls during hospitalization using standard questionnaires. The questionnaire covered
basic demographic characteristics, family history of cancer, history of tobacco consumption,
and dietary habits. Lifetime occupational information for jobs of ≥12 months duration was
also ascertained through the use of a general occupational questionnaire. Data collected for
each job included title, detailed tasks, and type of employer, as well as year of beginning and
ending employment.

Job titles were coded by local industrial hygienists or occupational health experts, blinded to
case-control status, according to the International Standard Classification of Occupation
1968 version (ISCO-68). 14, 15 Industries were similarly coded according to the Statistical
Classification of Economic Activities of the European Community, 1999 version
(NACE-99). 15, 16 Both the ISCO and NACE coding systems are regularly utilized in
occupational epidemiological studies conducted throughout Europe for occupation and
industry classifications. 17

Based on the ISCO coded job and NACE coded industry titles, a job exposure matrix (JEM)
was created to categorize frequency, duration, confidence, and intensity of occupational
sunlight exposure for each study participant. Frequency of exposure was estimated by the
percentage of time in an 8 hour day during which exposure was possible: <30% (0 to <2.4
hours), 30-69% (2.4 to 5.5 hours), and ≥70% (>5.5 hours or more) of the time. To compute
sunlight exposure across jobs that had different frequencies of exposure, frequency weights
of (0.15, 0.50, and 0.85) were assigned to the three categories, corresponding to the
midpoint of the range of each category. Level of confidence of occupational sunlight
exposure for each job was coded in three categories as “possible” (<40%), “probable”
(40-90%), or “certain” (>90%), based on the likely tasks and location (indoor, outdoor) of
the job, representing the degree of confidence in our assignment for frequency of exposure.
Intensity of exposure was coded as “high” for participants suspected to be exposed to strong
ultraviolet light reflected from the sea and for agricultural workers and outdoor occupations
in a rural setting or “low” for participants suspected to be exposed to weak ultraviolet light
(all other jobs). Intensity of sunlight exposure was assumed to be twice that for jobs rated
“high” (two units) compared to jobs rated “low” (one unit). 18, 19

To assure high quality exposure assessment, the assignments of probability, frequency, and
intensity of occupational sunlight exposure categories were reassessed by two industrial
hygiene experts (MD, PS) at the NCI for each job held by each participant. Inter-rater
agreement for the probability, frequency, and intensity of occupational sunlight exposure
was calculated using Cohen's kappa statistic. 20

Statistical Analysis
Several measures of occupational sunlight exposure were assessed:

• cumulative exposure (low exposure-unit-years) across all jobs, calculated as
duration (years) * frequency midpoint * intensity of exposure (units) for each job
and summed over jobs;

• frequency-adjusted duration of exposure in years across all jobs, calculated as
duration (years) * frequency midpoint for each job and summed over jobs;

• frequency-adjusted duration of exposure in years among participants who held only
low intensity jobs, (excluding participants who held only high intensity or both
high and low intensity jobs); and
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• frequency-adjusted duration of exposure in years among participants who held any
high intensity jobs (excluding participants who held only low intensity jobs).

Given the substantial variability observed for each of the estimate measures of occupational
UV exposure by gender, no overlap in exposure-response categories could be assessed.
Therefore, categorical exposure metrics were used to evaluate exposure-response
relationships with occupational exposure based on tertiles of exposure levels among all
controls, all male controls, and all female controls. However due to small numbers,
frequency-adjusted duration of exposure among participants who held any high intensity
jobs was evaluated dichotomously by comparing the first two (lowest) tertiles of duration to
the third (highest) tertile. Unfortunately, due to small numbers, analysis for frequency-
adjusted duration of exposure for subjects with only high intensity jobs (excluding
participants who held only low intensity or both high and low intensity jobs) were not
possible.

Subgroup analyses were examined by sex, median age, body mass index (BMI), family
history of cancers, hypertensive status, smoking status, and restricted to jobs assigned a high
confidence (probable or certain) in the occupational sunlight exposure assessment. Since the
exposure metrics for nearly all (>98%) occupations were assigned a high confidence,
analyses are presented only for this high confidence subset. Subgroup analyses were also
performed by latitude/study center (Russia (55.8° N, 37.6°E), Poland (51.6°N, 19.5°E),
Czech Republic (49.2°-50.1°N, 14.4°-17.3°E), and Romania (44.4° N, 26.1°E)) as another
estimate of sunlight intensity. Exploratory analyses of associations between UV exposure
and other relevant variables, BMI, self-reported hypertension, education, and smoking
status, were also evaluated for potential confounding.

Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated to estimate RCC
risk and association with occupational sunlight exposure, using unconditional logistic
regression models adjusting for sex, age, center, smoking status (never, ever), BMI, and self-
reported hypertensive status (no, yes). Logistic regression was performed and tests for linear
trends using continuous variables were calculated to estimate RCC risk by occupational
exposure. Interactions were tested comparing regression models with and without interaction
terms using a likelihood ratio test (LRT). All analyses were conducted in STATA 9.0 unless
otherwise specified (STATA Corporation, College Station, TX).

Results
Inter-rater agreement for assessment of intensity of occupational sunlight exposure, using
Cohen's kappa statistic, was very good (kappa= 0.82). The agreement for frequency of
occupational sunlight exposure was good (kappa= 0.73). Confidence in the exposure
assessment, coded in three categories as “possible,” “probable,” or “certain” had a fair inter-
rater agreement (kappa= 0.48); however, when probability of exposure was assessed as low
(<40%) versus high (≥ 40%), inter-rater agreement was better (kappa= 0.65).

A description of study participants and known RCC risk factors is provided in Table 1.
Cases and controls were comparable in age and education level, but cases were more likely
to be female and were more likely to have an excess BMI (>30 kg/m2) and hypertension.
The association with smoking was not observed after adjustment for age, BMI,
hypertension, study center, and sex. 21

No significant (p-trend ≥0.05) patterns in association for occupational sunlight exposure
were seen for all participants. Significant linear inverse associations with RCC were,
however, observed among males occupationally exposed to sunlight (Table 2). Decreased
RCC risk and significant exposure-response relationships were observed among male
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participants in the highest tertile for cumulative exposure (OR= 0.76; 95% CI= 0.58-1.00; p-
trend= 0.05), frequency-adjusted duration of exposure (OR= 0.76; 95% CI= 0.58-0.99; p-
trend= 0.04), and frequency-adjusted duration of exposure among subjects who only held
low intensity jobs (OR= 0.62; 95% CI= 0.45-0.85; p-trend= 0.003). A non-significant
decrease in RCC risk was observed among male participants who held any high intensity
jobs (p-trend= 0.60). No associations were observed between RCC risk and occupational
sunlight exposure for female subjects.

As another estimate of sunlight intensity, analyses were stratified by latitude/study center.
No statistically significant trends were observed when the data were stratified by latitude/
study center, except among males residing in Russia. Although an inverse association
between RCC risk and occupational UV exposure was observed among male participants at
other study centers (data not shown), only Russian males showed a significantly strong and
linear inverse association with increasing occupationally UV exposure and RCC risk (Table
3). Specifically, significant exposure-response relationships and interactions were seen for
cumulative exposure (p-trend <0.001; p-interaction= 0.001), frequency-adjusted duration of
exposure (p-trend <0.001; p-interaction= 0.001), and duration of exposure among subjects
who only held low intensity jobs (p-trend <0.001; p-interaction= 0.0001). These associations
were more pronounced than seen for all males combined. No association was observed for
any high intensity jobs and RCC risk. No association was observed among female
participants.

Discussion
To our knowledge, this is the first case-control study to show evidence of an inverse
association between occupational UV exposure and RCC risk. The inverse association
between occupational UV exposure and RCC risk was observed only among males. Reduced
RCC risk among males was significantly and linearly observed for increasing cumulative
exposure, frequency-adjusted duration of exposure, and frequency-adjusted duration of
exposure for only low intensity jobs. No association between occupational UV exposure and
RCC risk was observed among female participants; hypertension, smoking, and excess BMI
also showed no association between UV exposure and RCC risk among females. When
analyses were stratified by latitude of study center as another estimate of UV intensity, a
stronger inverse association between UV exposure and RCC risk was observed among males
from Moscow, the study center expected to have the lowest intensity UV exposure
compared to the other centers located at lower latitudes.

The results of our study are supported by other epidemiological kidney cancer studies. In
general, ecological studies investigating the association between cancer risk and sun
exposure have reported an inverse relationship between kidney cancer incidence and
mortality risk and UVB exposure. 22-26 Recently, Mohr and colleagues examined the
association between UVB exposure and renal cancer risk in 175 countries using latitude and
solar UVB irradiance. 26 The highest renal cancer incidence rates were found in countries
situated at the highest latitudes (p-value <0.01 in both men and women). 26 Furthermore, an
occupational cohort study exploring the relationship between UV exposure and cancer risk
among Swedish male construction workers found that participants exposed to the highest
level of occupational sunlight had reduced kidney cancer risk (OR= 0.7; 95% CI= 0.4-1.00).
27 Similar inverse associations have been reported between occupational sunlight exposure
and other cancers, such as diffuse large B-cell lymphoma (OR= 0.72; 95% CI= 0.54-0.97),
follicular lymphoma (p-trend= 0.04), and rectal cancer (OR= 0.62; 95% CI= 0.42-0.93). 28,
29
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One explanation for the inverse association between UV and cancer is the hypothesis that
sunlight exposure increases production of vitamin D in the skin that travels through the
blood to other sites in the body. This is particularly important with regards to kidney cancer,
because the kidney is the major organ responsible for vitamin D metabolism and activity,
and calcium homeostasis. 9-11 Vitamin D and its analogues are thought to suppress tumor
activity by inhibiting clonal tumor cell proliferation and the G1 cell cycle arrest phase,
inducing immune cell differentiation and apoptosis, and decreasing angiogenesis. 5, 6, 30, 31

In this study, we observed significant inverse trends only among males with low intensity
occupations and not among males with high intensity UV exposure. This finding was
corroborated when we stratified our analysis by study center/latitude as an estimate of UV
intensity. Significant trends were observed among Russian males expected to have the
lowest intensity UV exposure. The lack of an apparent effect among subjects with high UV
intensity exposure can be explained considering that high intensity UV exposure, which
usually results at lower latitudes, can result in sufficient amounts of vitamin D in a short
amount of time, whereas longer exposure time is necessary if UV intensity is lower. After
saturation, equilibrium is reached and furthermore, UV exposure no longer results in the
formation of additional vitamin D and actually starts to degrade the vitamin through
photodegradation. 32 For example, most healthy Caucasians can generate sufficient amounts
of vitamin D with as little as 10 to 20 minutes of high intensity sun exposure to unprotected
skin. 28 One possibility is that, in lower latitudes with higher intensity sunlight exposures,
there may not be sufficient contrast in vitamin levels across groups with varying frequency
of exposures because most people are already exposed beyond this level of saturation
through everyday, non-occupational activities. For the most part, individuals acquire
increasing UV radiation doses with decreasing latitude. 17 Around the world at mid-latitude
(30°-50° N) the increase in erythemally effective UV radiation is between 3% and 3.6% for
every degree of latitude towards the equator. 17 Therefore individuals regardless of their
occupations will obtain greater UVB exposure if they live or work at lower latitudes. In
other words, occupational sunlight exposure may be relatively more important in higher
latitudes with lower intensity UVB because residents there are less likely to reach the
threshold of adequate sunlight exposure outside of work. 32 Alternatively, the lack of
association among high intensity exposure occupations, (such as farmers and gardeners)
may be influenced by other carcinogenic co-exposures in this group. For instance, we have
already reported increased kidney cancer risk among pesticide-exposed individuals that was
highest among GSTM1/GST1 active subjects in this study. 33

The association between occupational UV exposure and RCC risk was observed among
males and not females in this study. Gender differences related to UV sensitivity and cancer
risk have been demonstrated in other studies but it is not known whether they are real, due to
due to hormonal differences between sexes, or caused by differential- misclassification due
to behavior differences. 34, 35 Males and females may differ biologically in their response to
UV exposure. Laboratory studies suggest that there are gender related hormonal differences
that may play a role in responses to acute UVB exposure as well as UV-induced tumor
development. 36, 37 In our study, no gender differences were observed between UV exposure
and tumor histological subtype or grade (data not shown). However, several studies have
observed gender differences related to UV exposure and cancer risk; though results have
been inconsistent. A recent European case-control study that found an inverse association
between UV radiation and lymphoma risk and a significant interaction between sex and skin
sensitivity (tendency to sunburn) was observed with NHL risk. Specifically, female
participants experienced higher risks of NHL with increasing skin sensitivity (p-trend
<0.001; p-interaction= 0.02) compared with male participants. 28 Similarly, elevated NHL
risk was reported among females but not among males with outdoor occupations in a large
English cohort study that included 401 NHL male and 27 NHL female cases. 38 Gender
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differences were also observed in an Australian occupational case-control study that found
an inverse association between occupational UV exposure and risk of glioma in females
(OR= 0.54; 95% CI= 0.27-1.07) while there was a positive association among males (OR=
1.60; 95% CI= 0.95-2.69). 39 Alternatively, gender differences may also be due to
misclassification of occupational exposure due to behavioral differences, such as a higher
tendency for females to use sunscreen on a regular basis and the ability of males to work
outdoors while shirtless. 40 Around the world (with a few exceptions) males generally tend
to go outside more frequently, spend more time outdoors and therefore acquire higher UV
doses than females. 17 Occupational exposures may be more precise for males than for
females. Historically, males have had occupations that require them to spend more time
outdoors in the sun compared with females. 36, 41, 42 It is noteworthy that in this study,
occupational exposure levels estimated among females were considerably less than among
males and we did not ask questions specifically related to recreational exposures among
either sex. Lastly, we cannot completely rule out the possibility that these differences are
due to chance.

Strengths of our study include a large sample size, a high participation rate, inclusion of only
histologically confirmed cancers, and the use of both the ISCO and NACE coding systems
to assign individual-specific exposure information. While confirmation with actual
measurements of sunlight exposure would have been ideal, inter-rater agreement scores
confirmed consistent exposure assessment for frequency, intensity, and confidence (based
on two categories) of occupational sunlight exposure. However, the reliability of our
assessment for confidence of occupational sunlight exposure, based on three categories, was
not as precise. Several other limitations that are inherent to our study include inability to
obtain data regarding recreational exposure to UV light, history of sunburns, use of tanning
beds, and sunbathing activities, which have been associated with other cancers. Data
regarding temporal changes in sunlight exposure was also not available. Failure to measure
all sources of sunlight exposure or take into account seasonality or exact location/latitude of
occupations, which would have allowed for a more accurate intensity variable, may have led
to misclassification of sunlight exposure and/or biased our results towards the null.
Secondly, while participants were primarily of Central European descent, information on
hair color, eye color, tanning ability, use of sunscreen or personal protective equipment,
such as hats, gloves, long pants, etc. were not ascertained. While we were able to control for
known RCC risk factors, such as hypertension, smoking, and BMI, other potential risk
modifiers (i.e. genetics, other exposures) were not considered. Although dietary intake of
foods that naturally contain significant amounts of vitamin D account for less than 10% of
vitamin D levels, 43 dietary intake frequency of foods naturally rich in vitamin D (liver, and
freshwater, saltwater, and total fish consumption) were considered in this study and no
association was observed overall or by gender (data not shown) 44, 45; unfortunately, no
information was available on dietary supplement use which may have confounding results
due to healthy dietary or lifestyle patterns. Additional limitations of our study include non-
differential inaccurate or incomplete recall of all occupational histories, non-differential
exposure misclassification, and the use of hospital-based controls, which may not represent
the general non-diseased reference population. While this study had sufficient statistical
power to detect relatively small associations, only a small subset of cases and controls had
only high intensity jobs or were residences of particular study centers, thus, limiting the
precision of our associations within these subgroups and increasing the potential of
observing results due to chance.

To our knowledge, this is the first and largest occupational case-control study to investigate
the association between UV exposure and RCC risk. Our findings, supported by most UV/
cancer studies, demonstrated that occupational UV exposure is associated with reduced renal
cancer risk among males. Additional studies that consider recreational UV exposure and
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behavioral differences, in an effort to reduce exposure misclassification, are warranted,
particularly among females.
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