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The role of diet in the aetiology of renal cell carcinoma was investigated in a population-based case-
control study in Denmark. Cases were 20-79 years old, with a histologically verified diagnosis of renal
cell carcinoma. Controls were sampled from the general population and were frequency-matched on
age and sex. A total of 351 cases (73% of the eligible) and 340 controls (68% of the eligible) were included
in the study. Dietary information was obtained in a self-administered food frequency questionaire and
the information was confirmed in a subsequent interview performed by trained interviewers who also
elicited information on other suspected risk factors such as smoking, occupation, medical history,
education and reproductive history. Logistic regression models were used to calculate the odds ratios,
and, both frequency of consumption of various food stuffs and computed nutrients were examined. A
positive association was observed between risk of renal cell carcinoma and total energy intake (odds
ratio, OR, for highest quartile compared to lowest: 1.7 (95% confidence interval, CI, 1.0-3.0) for men,
and 3.5 (95% CI 1.6-6.5) for women), fat intake (OR for highest quartile compared to lowest: 1.9 (95%
CI 1.1-3.5) for men, and 3.3 (95% CI 1.6-6.9) for women). For women, an effect was also seen for intake
of carbohydrates (OR for highest quartile compared to lowest: 3.2 (95% CI 1.5-6.8), while no protective
effect was seen for vegetables or fruit. Dairy products may be associated with risk of renal cell cancer
(OR for women using thickly spread butter compared to thinly spread: 11.4 (95% CI 2.8-45), OR for
women who drank more than one glass of milk with 3.5% fat content compared to never drink milk: 3.7
(95% CI 1.2-11). As expected, total energy intake, intake of fat, protein and carbohydrates were closely
correlated making it difficult to identify one of the energy sources as more closely associated with risk
of renal cell cancer than the other. Several energy sources have been identified as possible risk factors
for renal cell carcinoma. It is possible that a high energy intake as such rather than the individual
sources are responsible for the increased risk. Furthermore, dairy fats may be associated with renal
cell carcinoma risk. The observed associations appeared stronger in women, and did not explain the
association with obesity and low socio-economic status previously found in Denmark. Copyright ©
1996 Published by Elsevier Science Ltd
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INTRODUCTION
PreviousLy 1pENTIFIED risk factors for renal cell carcinoma
(RCC) include cigarette smoking, history of hypertension and
use of diuretics, occupational exposure to hydrocarbons, early
menarche and first birth [1-5]. The role of diet remains
unresolved, but two further observations could indicate a role
for diet in the aetiology of RCC: the consistently found
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increase in risk among obese individuals, especially women,
and the excess risk recently reported in Denmark among lower
socio-economic subjects [2, 6]. Past correlation studies of
dietary factors and RCC have found a positive association
with animal protein [7, 8]. This association along with those
for animal fat and dairy products have been examined in
several case-control studies, but little or no association has
been observed [9-14]. However, a recent large-scale case-
control study reported a significant link with protein intake
[15]. A protective effect of vegetables and fruits was observed
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in a study from China [11], but this effect has not been seen
in other studies [10, 12, 13, 15]. The present case-control
study examines the role of diet in the aetiology of RCC
in Denmark.

MATERIALS AND METHODS

The methods of this study have been described in detail
previously [2]. Briefly, cases were identified from notifications
to the Danish Cancer Registry as well as through repeated
review of files in all pathology departments in Denmark.
Histologically confirmed cases between 20 and 79 years of age
who were born and living in Denmark were included. A total
of 482 cases were identified but 44 (9.1%) died before they
could be contacted, 26 (5.4%) were too ill, 33 (6.8%) refused
to be interviewed, and we were unable to establish contact
with 11 (2.3%). The remaining 368 were interviewed by
trained interviewers in the subjects’ homes, but 10 male and 7
female cases omitted major parts or all of the dietary questions
and were excluded, leaving 351 cases for the analysis.

Controls were matched to cases on sex and age in 5-
year intervals, and were drawn from the Central Population
Register. Of the 500 identified controls, 72 (14.4%) refused
to be interviewed, 20 (4.9%) were too ill, and we were unable
to establish contact with 12 (2.4%). Among the remaining
396 controls, 40 male and 16 female controls omitted major
parts or all of the dietary questions and were consequently
excluded from the analysis leaving 340 for the analysis.

Dietary information was obtained by a structured interview
using a validated food frequency questionnaire (FFQ) [16,
17]. The FFQ focused on usual adult consumption of food-
stuffs, fruits, cakes and beverages. The FFQ was sent to the
participants prior to the interview with information on how to
fill out the FFQ. Later, the dietary information was checked
by trained interviewers who also performed a face-to-face
interview to obtain information on other known and suspected
risk factors for RCC such as education, past and present
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occupation, use of medications, smoking history, weight his-
tory, reproductive history and medical history.

The dietary questionnaire included 92 food items and por-
tions sizes which encompasses 81% of the average total supply
of nutrients in Denmark, and allows reliable ranking of indi-
viduals with respect to their nutrient intake [16]. Nutrient
intake was calculated by multiplying the frequency of con-
sumption of specific foods by the nutrient content of standard
portions for most food and individually indicated portion
sizes for some foods (i.e. size of a serving of stew, steamed
vegetables, boiled potatoes, or thickness of spreaded butter).
Danish food tables and standard recipes were used for the
calculation [18]. Missing values were assumed to be zero
consumption in the analysis of the calculated nutrients, except
for portion-sizes where a median portion size was assumed.
Based on the distribution among controls, quartiles of the
nutrients were calculated separately for men and women.

Unconditional logistic regression was used to calculate
point estimates [odds ratios (OR)] and associated 95% confi-
dence intervals (CI) [19]. All ORs were adjusted for age, and
ORs for frequency of different types of main dishes or dairy
products were additionally adjusted for cigarette smoking,
body mass index (BMI) and socio-economic status (SES),
which have previously been identified as possible risk factors
in Denmark. For calculated nutrients, ORs were further
adjusted for total energy intake [20]. Tests for trend were also
used to evaluate the effect of the variables [19]. Trends
tests was calculated in models including only the variable in
question and age.

RESULTS
Table 1 presents the ORs for RCC by frequency of intake
of different types of main dishes, and Table 2 presents the
distribution of cases and controls with respect to the variables
which were used to control for the effect of smoking, obesity
and socio-economic status. In general, no associations were

Table 1. Odds ratio (OR) and 95% confidence intervals (CI) for renal cell carcinoma by frequency of different types of main dishes

Men Women
Cases Controls OR* ORt 95% CI Cases Controls OR* ORt 95% CI
Meat
less than once/week 8 9 1 1 11 14 1 1
2-3 times/week 39 28 1.6 1.5 0.54.4 29 33 1.1 0.9 0.3-25
4-5 times/week 84 77 1.2 1.1 0.4-3.2 42 49 1.1 0.9 0.3-2.3
more than 5 times/week 85 83 1.2 1.0 0.4-2.9 53 47 1.4 1.1 0.4-2.9
test for trend, P= 0.56 0.33
Fish
rarely or never 75 91 1 1 48 55 1 1
once/week 121 90 1.6 1.7 1.1-2.7 78 72 1.2 1.3 0.8-2.3
more than once/week 20 16 1.5 1.4 0.6-3.1 9 16 0.6 0.5 0.2-1.4
test for trend, P= 0.04 0.83
Vegetariand
rarely or never 158 126 1 1 76 83 1 1
once/week 36 48 0.6 0.6 0.4-1.1 31 29 1.2 1.4 0.7-2.7
twice/week 14 11 1.0 1.2 0.5-2.8 15 16 1.0 1.1 0.5-2.5
more than twice/week 7 11 0.5 0.6 0.2-1.7 11 14 0.9 1.0 0.4-2.5
test for trend, P= 0.10 0.88

*Adjusted for age. TAdjusted for age, smoking, body mass index and socio-economic status. $Some data missing.
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Table 2. Number of cases and controls by smoking, body mass index and socio-economic factors

Men Women
Cases Controls Cases Controls
Smoking (cigarette packyears)
Never smoked 24 26 51 65
<20 90 118 57 61
2040 61 66 26 28
>40 49 23 6 4
Body mass index
<23.1 52 63 <27.2 32 42
23.1-24.5 45 60 27.2-29.6 25 39
24.5-26.4 65 55 29.6-31.7 23 39
>26.4 63 59 >31.7 61 39
Socio-economic status
I (highest) 16 25 7 22
1I 25 40 25 38
I 63 68 55 49
v 80 78 42 35
V (lowest) 40 25 12 14

Table 3. Odds ratio (OR) and 95% confidence intervals (CI) for renal cell carcinoma by frequency of intake of dairy products

Men Wormen
Cases Controls OR* ORft 95% CI Cases Controls OR* ORt 95% CI
Cheeset
rarely or never 22 30 1 1 15 27 1 1
1-2 servings/day 58 38 2.1 2.1 1.1-4.5 36 41 1.5 1.6 0.7-3.6
34 servings/day 63 67 1.3 1.2 0.6-2.5 57 47 2.2 1.9 0.9-4.0
5-6 servings/day 73 62 1.6 1.5 0.8-3.1 27 27 1.8 1.8 0.74.3
test for trend, P= 0.63 0.110
Spreads buttert
thinly 18 9 1 1 12 29 1 1
moderately 72 76 0.5 0.5 0.2-1.2 47 42 2.7 2.6 1.1-6.3
thickly 47 26 0.9 0.9 0.3-2.4 17 4 10.3 11.4 2.8-45
test for trend, P= 0.51 <.001
Milk with 3.5% fatt
never 123 118 1 1 89 104 1 1
<1 glass/day 37 39 0.9 0.9 0.5-1.6 13 20 0.8 0.8 0.4-1.8
1 glass/day 25 18 1.3 1.4 0.7-2.8 18 14 1.5 1.6 0.7-3.6
>1 glass/day 31 22 1.4 1.3 0.7-2.5 14 5 3.3 3.7 1.2-11
test for trend, P= 0.27 0.04
Milk with 1.5% fat}
never 132 114 1 1 78 89 1 1
<1 glass/day 31 35 0.8 0.8 0.4-1.4 22 22 1.1 1.0 0.5-2.1
1 glass/day 22 28 0.7 0.6 0.4-1.2 1.9 18 1.2 1.0 0.5-2.2
>1 glass/day 30 20 1.3 1.2 0.6-2.4 15 13 1.3 1.3 0.6-3.0
test for trend, P= 0.99 0.42
Milk with 0.1% fat}
never 186 170 1 1 115 115 1 1
<1 glass/day 9 13 0.6 0.7 0.3-1.8 7 9 0.8 0.7 0.2-2.1
1 glass/day 9 5 1.6 1.9 0.6-6.0 2 12 0.2 0.2 0.0-0.7
>1 glass/day 10 8 1.1 1.5 0.6-4.2 10 6 1.7 1.8 0.6-5.6
test for trend, P= 0.71 0.59

*Adjusted for age. TAdjusted for age, smoking, body mass index and socio-economic status. $Some data missing.
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Table 4. Odds ratio (OR) and 95% confidence intervals (CI) for renal cell carcinoma by intake of vegetables
Men Women
Cases Controls OR* ORY 95% CI Cases Controls OR* ORt 95% CI
Cruciferoust§
rarely or never 36 17 1 1 8 12 1 1
less than once/week 39 48 0.4 0.4 0.2-0.8 21 26 1.2 1.0 0.3-3.1
once/week 101 83 0.6 0.7 0.3-1.3 60 60 1.5 1.2 0.4-3.2
more than once/week 40 48 0.4 0.5 0.2-1.0 44 45 1.5 1.4 0.5-3.9
test for tend, P= 0.09 0.41
Lettuce§
rarely or never 50 46 1 1 30 24 1 1
once/week or less 83 77 1.0 1.1 0.6-1.9 46 54 0.7 0.8 0.4-1.7
24 times/week 62 42 1.3 1.5 0.8-2.8 39 36 0.9 1.1 0.5-2.4
>4 times/week 20 32 0.6 0.7 0.3-1.4 20 29 0.6 0.6 0.3-1.5
test for trend, P= 0.51 0.30
Potatoes§
3 times/week or less 45 38 1 1 32 39 1
4 times/week 31 38 0.7 0.7 0.4-1.3 19 23 1.0 1.3 0.6-2.9
5 times/week 42 35 1.0 1.0 0.5-1.9 24 30 1.0 1.2 0.5-2.6
6 times/week 45 39 1.0 1.0 0.5-2.0 28 22 1.6 1.8 0.8-3.9
7 times/week 51 47 0.9 0.9 0.5-1.8 32 29 1.3 1.5 0.5-3.1
test for trend, P= 0.86 0.23
Fruit
once/week or less 66 55 1 1 27 24 1 1
1-2 times/week 113 104 0.9 1.0 0.6-1.5 53 72 0.7 0.6 0.3-1.3
2-3 times/week 24 20 1.0 1.0 0.5-2.0 33 25 1.2 1.3 0.6-2.9
>3 times/week 13 18 0.6 0.6 0.3-1.4 22 22 0.9 0.9 0.4-2.3
test for trend, P= 0.34 0.63

*Adjusted for age. tAdjusted for age, smoking, body mass index and socio-economic status. $Cabbage, broccoli and cauliflower. {Some

data missing.

observed, although men who ate fish at least once a week had
an elevated risk of RCC (P for trend = 0.04), but there was no
stepwise increase in risk and no association was seen for
women. There was no clear association between intake of
various dairy products and risk of RCC among men (Table 3).
Among women, however, a high intake of 3.5% fat milk and
use of thickly spread butter was associated with an increased
risk, while intake of milk with a lower fat content did not
confer an increase in risk. The OR for women who used
thickly spread butter was approximately 11 (95% CI: 2.9-
37). Neither intake of vegetables such as lettuce, potatoes or
cruciferous vegetables, nor fruits was associated with risk of
RCC, although a slightly lower but non-significant risk was
observed for men who ate cruciferous vegetables at least once
per week (P for trend = 0.09) (Table 4).

Tables 5-8 presents the findings for the analysis of the
calculated nutrients. Total energy (joules) and fat intake was
positively associated with risk of RCC in both men and
women, although the association appeared stronger in women
(Table 5). Intake of protein and carbohydrates was positively
associated with risk of RCC in women. The associations were
observed even after adjustment for body mass index, smoking
and socio-economic status. Additional adjustment for other
suspected risk factors such as reproductive and medical history
and exposure to hydrocarbons also had no effect on the
associations (data not shown). There was a high degree of
correlation between intake of various energy sources (Pearson
correlation coefficients for men/women respectively; fat-pro-

tein: 0.72/0.80, fat—carbohydrates: 0.60/0.72, protein—carbo-
hydrates: 0.60/0.64) making it virtually impossible to separate
the effect of one energy source from the other.

Further analysis revealed that the association with fat was
restricted to associations with saturated and mono-unsatu-
rated fats in both sexes, while poly-unsaturated fats appeared
unrelated to risk of RCC. Cholesterol was not clearly associ-
ated with risk (Table 6). The findings for vitamins are shown
in Table 7. For men, neither vitamin A, C, D, E nor total
carotene was associated with risk of RCC. For women, an
association with vitamins A, C and E disappeared after adjust-
ment for total energy intake. Consumption of vitamin sup-
plements during winter was frequent, with approximately
half the respondents taking vitamins regularly. There was no
relationship between intake of vitamins and risk of RCC, and
adjustment for vitamin supplement use did not change the
findings for vitamins from foodstuffs (data not shown). The
same pattern seen for vitamins was seen for intake of minerals,
with no association for men, while an initial association with
sodium, potassium, calcium and magnesium among women
disappeared after adjustment for total energy intake (Table 8).
After adjustment for total energy intake, a negative association
with intake of sodium and magnesium was observed in men,
but this may reflect overadjustment.

DISCUSSION
We found a positive association between risk of RCC and
intake of fat, protein and carbohydrates, indicating that total
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energy intake rather than individual energy sources is a risk
factor. Saturated and mono-unsaturated fat but not poly-
unsaturated fat increase the risk of RCC, and dairy fats may
in particular play a role in the aetiology of RCC. There was
little evidence of a protective effect of vegetables or fruit, and
the observed associations were either restricted, or appeared
stronger, in women. In multivariate models, these dietary
findings do not explain the increased RCC risk among obese
individuals nor among lower socio-economic subjects in
Denmark.

In the analysis of nutrients, we have presented ORs adjusted
for total energy intake, although this may introduce overad-
justment. We therefore caution against overinterpretation of
the energy-adjusted risk estimates [20]. The main limitation
of this study is the potential for recall bias. We have not
attempted to validate the information from the cases and
controls. A study of long-term dietary recall among cancer
cases and controls found that, although there were no major
differences between the two groups, cases tended to have a
poorer recall of their previous diet. In the same study, edu-
cation had no effect on quality of dietary recall [21].

An association between intake of dairy products (milk or
dairy fat) and risk of RCC ws first suggested by Wynder and
associates [7], based on a correlation study of per capita
consumption and RCC mortality rates. This observation has
been replicated in several succeeding analytical studies [10,
12, 13, 22] while others have found no association [9, 14, 15].
We found a strong association among women which were
restricted to dairy products with a high fat content.

In Denmark, as in many other countries with a high inci-
dence of RCC, the average intake of dairy products is relatively
high and continues in adulthood [23, 24]. During this century,
the consumption of milk in Denmark has been rather stable
while consumption of butter fluctuated dramatically during
World War II when export of butter, and import of oils for
margarine were restricted leading to a transient increase in
national consumption. Intake of cheese has been slowly
increasing [23]. The steep increase in incidence of RCC which
took place in 1960-1970, may possibly result in part from the
increased intake of butter in the 1940s, although this coincides
with an increase in tobacco consumption, especially cigarettes
[25, 26]. Saturated fat was found in one study to be more
strongly associated with risk of RCC than other forms of fat
[13]. Furthermore, it has been proposed that cholesterol
deposits in the kidney, which are also seen in some non-
malignant kidney diseases, may play a role in the aetiology of
RCC [27]. Both these proposed associations receive some
support from the findings in the present study, although
further research is clearly needed.

A positive association between intake of protein and risk of
RCC has been observed in a number of case-control studies
[10-14]. Recently, a significant association was seen in a
population based case-control study in Minnesota [15). Our
results are consistent with an increased risk associated with
protein intake.

A protective effect of fruits and vegetables, which has been
found to reduce risk in studies of cancers other than kidney,
has not been convincingly demonstrated by this or other
studies of RCC [28]. One Italian study did, however, find a
protective effect for carrot consumption [12].

In conclusion, we found that diet may influence the risk of
RCC. A high-energy diet from all sources, and more specifi-
cally, dairy products, saturated and mono-unsaturated fat
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increases the risk of RCC, especially among women. We
found no associations between risk of RCC and intake of
vitamins or minerals. The observed associations with dietary
factors do not explain the excess risk observed in obese indi-
viduals or among lower socio-economic subjects in Denmark.
It is unlikely that the exact nature of the relationship between
diet and RCC can be determined in retrospective studies,
suggesting the need for large-scale prospective studies in
future investigations of this relationship.
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