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Meat intake, ‘mate’ drinking and renal cell cancer in
Uruguay: a case—-control study
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Summary In the period January 1988—December 1995, a case—control study of diet and renal cell carcinoma (RCC) risk involving 121 cases
and 243 hospitalized controls was carried out in Montevideo, Uruguay. After adjusting for major covariates, red meat intake was associated
with a 3.4 increase in risk for the highest category of intake, with a significant dose—response pattemn. Also, barbecued meat, protein and
heterocyclic amine intakes were associated with significant increases in risk of RCC. The consumption of the beverage known as ‘mate’ (a
local tea derived from the herb llex paraguariensis) was associated with an increased risk of 3.0 for heavy drinkers.
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Kidney cancer represents 3.2% of all malignant neoplastic
diseases in Uruguay. with age-adjusted incidence rates of 10.6 per
100 000 for men and 3.8 for women (Parkin et al. 1997). These
rates are among the highest recorded in American registries
(Parkin et al. 1997: Table 1). Renal cell carcinoma (RCC) repre-
sents 90% of all kidney cancers. and its incidence is increasing in
several populations (Katz et al. 1994). Among the main suspected
or proven risk factors for RCC are tobacco smoking (Bennington
and Laubscher. 1968: Wynder et al. 1974: McLaughlin et al.
1995). obesity (Lindblad et al. 1994). analgesic use (Lindblad et
al. 1993). diuretic use (Lindblad et al. 1993: Weinmann et al.
1994). hypertension (Chow et al. 1995) and diet (Chow et al. 1994:
Wolk et al. 1996a. b).

Meat consumption is a highly prevalent habit in the Uruguayan
population. Because cattle raising is the main industry in Uruguay.
meat consumption is one of the highest in the world (Food
Agriculture Organization. 1980). Also. “mate’. a local tea obtained
from the herb llex paraguariensis. is a popular beverage in
Uruguay. being consumed by 77.9% of the population (Comision
Honoraria de Lucha contra el Cancer. 1993) and. like coffee. it
contains methylxanthines (IARC. 1991). Its consumption has been
associated with increased risks of oesophageal (Vassallo et al.
1985: Victora et al. 1987: De Stefani et al. 1990: Castelletto et al.
1994). oropharyngeal (De Stefani et al. 1988: Pintos et al. 1994).
laryngeal (De Stefani et al. 1987). bladder (Iscovich et al. 1987:
De Stefani et al. 1991) and lung cancer (De Stefani et al. 1996).

This study was designed to investigate the possible role of meat
consumption and "mate” drinking as risk factors for RCC.

SUBJECTS AND METHODS

From January 1988. all patients admitted to the Instituto Nacional
de Oncologia were routinely interviewed shortly after admittance
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by two trained social workers using a standard routine question-
naire. designed to obtain information on risk factors for all cancers
and non-neoplastic conditions. The database so created. from
which the study subjects were obtained. has also been used for a
study of lung cancer (De Stefani et al. 1996). In this particular
instance. all patients with RCC admitted to the Instituto Nacional
de Oncologia in the time period 1988-95 and successfully inter-
viewed were included in the case series. The response rate for
cases was high (92.7%). All cases were histologically verified as
having RCC. Most had RCC of the clear cell variant (85%). The
remaining 15% had RCC of the eosinophilic cell variant.

In the same period. 5295 patients with a variety of other dis-
orders. both neoplastic and non-neoplastic. were admitted to the
same institution. The overall response rate for these patients was
93.0%. From this pool of patients. potential controls were
randomly selected excluding the following conditions: (1) malig-
nancies. (2) smoking-related conditions. (3) conditions related to
‘mate’ consumption (see list above) and (4) digestive diseases or
disorders associated with a long-term modification of diet. Cases
were frequency matched with controls on age. sex and residence.
following a control—case ratio of 2:1. This led to a final total of
121 cases and 243 controls. The main diagnostic categories among
the controls were skin diseases (58 patients. 23.9%). fractures (44
patients. 18.1%). benign tumours (42 patients. 17.3%). prostatic
disorders (28 patients. 11.5%). osteoarticular diseases (22 patients.
9.1%). blood disorders (16 patients. 6.6%) and abdominal hernia
(12 patients. 4+.9%).

The routine questionnaire covered the following items: socio-
demographic variables. occupation. anthropometric variables
(height. weight). a complete history of tobacco. alcohol and “mate’
consumption (age at starting. age at stopping. average consumption
per day and duration). reproductive variables for women and a
short frequency form with queries about red meat. barbecued meat.
processed meat. salted meat. milk. raw vegetables and fresh fruits.
Questions on the following were included: beef. lamb. barbecued
meat. salted meat. mortadella. saucisson. salami. ham. milk. carrot.
tomato. lettuce. onion. spinach. orange. apple. peach. grape. pear
and banana. Consumption was reported as frequency per unit of
time (day. week. month and year) and intake was computed as
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Table 1 Incidence of renal cancer in the Americas Table 3 Odds ratios of renal cell carcinoma for food items and nutrients.
both sexes combined®
Men Women
Registry ASR (worid) ASR (world) Food item Category Cases/controls OR 95% CI
US. SEER: Black 1.8 59 Red meat® <208 28/95 1.0 -
Canada 1.2 5.9 209-364 43/93 1.33 0.73-2.42
US, SEER: White 10.8 5.5 365+ 50/55 3.42 1.76-6.65
Uruguay, Montevideo 10.6 3.8 Chi-square for trend = 12.38 P-value > 0.001
Brazil, ?mo Alegre 10.2 4.0 Ba <2 36/99 1.0 _
Peru, Lima 34 19 meate 1352 56/103 1.36 0.78-2.36
Acfsget?m?:aConco o 32 gg 53+ 20/41 207 1.03-4.19
Peru. Trujillo 32 33 Chi-square for trend = 4.61 P-value = 0.03
Brazil. Goiania 3.2 2.6 Salted meat®  Never 92/187 1.0 -
Ecuador, Quito 2.6 13 1-52 15/35 0.84 0.42-1.66
Colombia, Cali 25 15 53+ 14/21 1.36 0.61-3.04
Brazil, Belem 23 1.5 Chi-square for trend = 0.50 P-value = 0.48
Processed <12 50/92 1.0 -
Source: Parkin et al (1997). meat® 13-52 37/77 0.70 0.39-1.25
53+ 37/74 0.78 0.45-1.39
Chi-square for trend = 0.26 P-value = 0.61
Table 2 Distribution of cases and controls by sociodemographic factors Milke <156 38/85 1.0 -
157482  40/82 1.07 0.61-1.89
Variable Cases Controis 483+ 43776 1.29 0.72-2.30
Chi-square for trend = 0.94 P-value = 0.33
No * No. % Vegetablest< <52 49/93 1.0 -
53-156 48/75 0.88 0.50-1.55
Age (years) 157+ 24/75 0.46 0.24-0.88
30-39 " 91 22 9.1 Chi-square for trend = 5.32 P-value = 0.02
4049 15 12.4 29 19 :
50-59 30 248 54 222 Fruits® 2 <104 34/88 1.0 -
6069 38 314 77 31.7 105-312  34/58 1.75 0.92-3.32
70-79 23 19.0 49 20.2 313+ 53/97 1.66 0.93-2.96
8089 4 33 12 49 Chi-square for trend = 4.13 P-value = 0.04
Sex Proteine <59 28/90 1.0 -
Male 73 60.3 146 60.1 60-96 51/73 2.34 1.284.30
Female 48 39.7 97 39.9 97+ 42/80 2.16 1.04-4.46
Residence Chi-square for trend = 5.34 P-value = 0.02
Montevideo 59 48.8 118 48.6 PhiP! <9.5 31/90 1.0 -
Other counties 62 51.2 125 51.4 9.6-15.5 41/80 1.26 0.69-2.29
15.6+ 49/73 2.18 1.144.19
v Uba’man' rural status 102 43 208 as6 Chi-square for trend = 6.13 P-value = 0.01
Rural 19 15.7 35 14.4
Education (years) fAdjusted for agfe, s_exr resndence urban—rural status, education, body mass
0-5 58 479 122 502 anex and ‘mate’ drinking. *Servings per year. “Carrot, tomato, lettuce, onion.
6+ 63 521 121 49.8 spinach. “Orange, apple, peach, grape, pear, banana. *Grams per day.
. : Nanograms per day.
Number of patients 121 100.0 243 100.0

annual consumption. Body mass index was calculated according
to the following formula: (self-reported weight)/(self reported
height’). The questionnaire also covered details of tobacco
smoking and alcohol and ‘mate’ drinking. The inclusion of the
dietary questions allowed control of confounding exposures such
as tobacco smoking and alcohol and “mate” drinking and the study
of the relationship between meat intake and cancer risk. The food
frequency questionnaire was short and focused on meat intake. As
poultry and fish are infrequently consumed in Uruguay. no infor-
mation about these items was collected. Given the small number of
food items covered. total energy intake could not be calculated.
This food frequency questionnaire was tested for reproducibility
with the following design: 80 subjects (40 men and 40 women)
drawn from the pool of potential controls. that is afflicted with
non-neoplastic conditions. were reinterviewed 6 months after the
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original interview. Pearson correlation coefficients for food items
or groups were as follows: "mate” amount (litres per day) 0.81.
‘mate” consumption duration (years) 0.87. red meat intake 0.64.
barbecued meat intake 0.56. salted meat intake 0.55. milk intake
0.64. vegetable intake 0.66. fruit intake 0.54 and wine consump-
tion 0.85. Although the food frequency questionnaire was very
short. we estimated indices of protein intake and of the hetero-
cyclic amine 2-amino-1-methyl-6-phenylimidazo[4. 5-f]pyridine
(PhIP). acknowledging the limitation of this approach. The intake
of protein and PhIP was computed by multiplying the frequency of
consumption of each unit of food by the nutrient content of a stan-
dard average portion for a person aged between 50 and 69 years.
Protein values were derived from local food tables (Mazzei and
Puchulu. 1991). whereas values for PhIP were obtained from
sources in other populations (IARC. 1993).
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Relative risks (RRs) approximated by the odds ratios (ORs)
for each variable were computed through unconditional logistic
regression (Breslow and Day. 1980). The possible heterogeneity
between sexes was tested by introducing interaction terms which
included sex and each of the study variables in all models. As esti-
mates for foods and ‘mate’ drinking variables were homogeneous
by sex. only results for both sexes combined are presented.
Confounding variables were included in the models. if they
changed the crude OR by more than 10% and were biologically
plausible. Trends for each study variable was calculated by the
likelihood ratio. after unfactorizing the variable and entering it as a
continuous term in a model that also included matching variables
and potential confounders. All calculations were carried out with
the GLIM program (Baker and Nelder. 1978).

RESULTS

The distribution of cases and controls by sociodemographic vari-
ables is shown in Table 2. Both series (cases and controls) were
similar in age. sex and residence. Also. the distribution by
urban—rural status was similar. Cases were more educated than
controls. but the difference was not significant.

Odds ratios of RCC for food items or groups. protein and PhIP
are shown in Table 3. Red meat intake was associated with a high
risk of RCC (OR 3.4. 95% CI 1.8-6.6 for the uppermost tertile of
intake). Also. barbecued meat was directly associated with the risk
of RCC (OR 2.1. 95% CI 1.1—4.2). Neither salted and processed
meat nor milk was associated with risk of RCC. On the other hand.
vegetable intake was associated with a reduced risk of RCC (OR
0.5.95% CI 0.2-0.8). High intake of fruits was associated with an
increased risk (OR 1.7. 95% CI 0.9-2.9). This was an unexpected
finding. Both high protein and PhIP intakes were associated with
an increased risk of RCC (OR for PhIP 2.2. 95% CI 1.2—.2: OR
for protein intake 2.2. 95% CI 1.0—4.5).

Odds ratios of RCC for ‘mate” drinking variables are shown in
Table 4. Ever drinkers of ‘mate” had an increased but non-signifi-
cant risk of RCC (OR 1.6. 95% CI 0.7-3.3). Heavy drinkers of
‘mate” (2 2 1 day~') had a threefold increased risk of RCC and the
dose—response pattern was highly significant after controlling for
major confounders. On the other hand. duration of *mate” drinking
was associated with an increased risk of RCC. but without a signif-
icant dose—response effect. Finally. cumulative exposure to “mate’
(total litres of "mate’ over lifetime) was associated with an
increased risk of 2.4 (95% CI 1.0-5.7).
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Table 4 Odds ratios of renal cell carcinoma for ‘mate’ drinking variables.
both sexes combined®

Variable Category  Cases/Controis OR 95% Cl
‘Mate’ status Never 13/41 1.0 -
Ever 108/202 1.6 0.7-3.3
Amount 0.1-0.9 2777 1.1 0.5-3.3
(I day") 1.0-1.9 50/92 1.7 0.8-3.8
2.0+ 31/33 3.1 1.3-7.9
Chi-square for trend = 8.80 P-value = 0.003
Duration 1-39 33/81 1.1 0.5-2.5
(years) 4049 37/45 2.6 1.1-6.3
50+ 38/76 1.9 0.84.8
Chi-square for trend = 3.24 P-value = 0.07
Cumulative 1-27 30/73 1.3 0.6-2.9
exposure (1) 28-52 33/69 16 0.7-3.7
53+ 45/60 24 1.0-5.7
Chi-square for trend = 5.10 P-value = 0.02

2Adjusted for age. sex. residence. urban—ural status. education. tobacco
smoking, body mass index and red meat and vegetabie intakes.

Odds ratios of RCC for the joint effects of red meat and vegeta-
bles. and red meat and fruit intakes. are shown in Table 5. Vegetable
intake reduced the risk of RCC at low levels of red meat intake. but
there was no effect at high levels of red meat consumption. When
fruit intake was cross-classified against red meat intake. the risk
associated with red meat intake increased following a dose—
response pattern. On the other hand. fruit intake had no effect at low
intake of red meat (OR 1.0. 95% CI 0.4-2.8). Red meat-adjusted
OR was similar to that observed for the unadjusted estimate (OR
1.6. 95% CI 0.9-2.9). These results therefore suggest independent
effects of red meat. vegetable and fruit intakes. the results being
more conclusive for red meat consumption.

Odds ratios of RCC for body mass index and tobacco variables
are shown in Table 6. Body mass index was positively associated
with RCC risk. and the OR for the uppermost quartile (both sexes
combined) was 4.5 (95% CI 2.1-9.8). The dose—response gradient
was highly significant (P < 0.001). Current smokers displayed a
non-significant decreased risk of 0.6 (95% CI 0.3-1.2) after
controlling for major confounders. A similar finding was observed
for smoking intensity. The only estimate associated with an
increased risk of RCC was smoking duration in women. but it was
based on five cases and four controls.

Table 5 Odds ratios of renal cell carcinoma for the joint effects of red meat. vegetables and fruits?

Vegetable tertile Fruit tertile
1 (low) ] 1l (high) 1 (low) n 1t (high)
Red meat Total
tertile OR (95° CI) OR (95°% CI) OR (95°% Cl) red meatc OR (95% Cl) OR (95% Cl) OR (95°% Cl) red meat®
| (low) 1.0- 130537 030.1-1.1 1.0- 1.0- 1.20.3-38 1004-28 1.0-
1] 130534 130537 0702-24 140825 080326 150544 210857 1508-26
1l (high) 2909-86 2007-59 300996 341865 210762 3912-122 3913-118 351868
Total vegetable® 1.0- 1.006-1.7 060.3-1.1 1.0- 150828 160929

2Adjusted for age. sex. residence. urbarvrural status, education. body mass index and ‘mate’ drinking. *Also adjusted for red meat intake. <Also adjusted for

vegetable intake. Also adjusted for fruit intake.
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Table 6 Odds ratios of renal cell carcinoma for body mass index and tobacco smoking

Men Women Both
Variable Category Cases/controls OR 95% Cl Cases/controls OR 95% ClI Cases/controis OR 95% CI
Body mass index? <20.3 12/47 1.0 - 7126 1.0 - 19/73 1.0 -
20.4-21.6 17/32 1.5 0.6-3.8 10/32 1.1 0.3-3.7 27/64 1.3 0.6-2.8
21.7-23.7 19/48 1.3 0.5-3.3 19/24 3.6 1.1-11.2 38/72 1.9 1.0-3.9
23.8+ 25/19 57 2.0-16.7 12/15 38 1.0-13.8 37/34 45 2.1-9.8
Smoking status® Non-smokers 12/25 1.0 - 33/64 1.0 - 45/89 1.0 -
Ex-smokers 33/53 12 0.5-2.9 5/16 0.6 0.2-1.9 34/64 0.9 0.5-1.8
Current smokers 28/68 0.6 0.2-1.6 10/17 0.9 0.3-2.7 42/90 0.6 0.3-1.2
Cigarettes/day” Non-smokers 12/25 1.0 - 33/64 1.0 - 45/89 1.0 -
1-19 24/42 1.1 0.4-2.9 10/22 0.8 0.3-2.0 40/77 0.8 0.4-1.6
20+ 37/79 0.7 0.3-1.7 5/1 0.8 0.2-2.8 36/77 0.6 0.3-1.2
Years smoked* Non-smokers 12/25 1.0 - 33/64 1.0 - 45/89 1.0 -
1-36 30/48 1.2 0.4-29 10/29 0.5 0.2-1.3 40/77 0.8 0.4-1.5
37+ 31/73 0.7 0.3-1.7 5/4 35 0.7-16.8 36/77 0.6 0.3-1.2

2Adjusted for age, residence. urban/rural status, education, ‘mate/years’, red meat and vegetable intakes. *Adjusted for age. residence, urban/rural status.

education. ‘mate/years’. body mass index and red meat and vegetable intakes.

DISCUSSION

The results of this study suggest that consumption of red meat.
barbecued meat. protein. the heterocyclic amine PhIP (resulting
from frying and broiling red meat) and “mate” are associated with
significant increases in the risk of RCC.

Most but not all previous studies that examined the relationship
between meat intake and RCC reported an increased risk of RCC
with increasing meat consumption (Maclure and Willett. 1990:
McLaughlin et al. 1992: Chow et al. 1994: Wolk et al. 1996q).
Several mechanisms have been postulated to explain this increased
risk. Protein intake was suggested as the responsible factor acting
through kidney damage (Chow et al. 1994). In addition. some
methods of cooking red meat (e.g. frying and broiling) result in an
increased amount of heterocyclic amines in meat (IARC. 1993:
Wolk et al. 1996a). These substances are potent multiorgan muta-
gens and carcinogens in experimental animal studies and several
reports have also suggested a role in human breast and colon
cancer (De Stefani et al. 1997a.b). We found that a high intake of
PhIP was associated with an increased risk of RCC. However. the
effect of red meat was greater than the effect of protein and of
PhIP. suggesting that another mechanism(s) could be responsible.
More precisely. red meat is one of the major sources of total fat
and saturated fat. and some studies have found an increased risk of
RCC associated with saturated fat intake (Maclure and Willett.
1990: Kreiger et al. 1993). In contrast. Chow et al (1994) reported
an OR of 0.6 for total fat. after adjusting for protein intake. We
were unable to disentangle the effects of highly correlated vari-
ables such as red meat. protein and PhIP intakes owing to the small
statistical power of our study.

Fruit intake was associated with a reduced risk of RCC in a
population-based study conducted in Shanghai (McLaughlin et al.
1992). and Maclure and Willett (1990) found a protective effect
of banana consumption. Unexpectedly. our results revealed an
increased risk of RCC associated with fruit consumption. The vari-
able fruits included the following individual items: orange. apple.
peach. grape. pear and banana. This increased risk remained the
same after controlling for red meat intake. making implausible the
hypothesis that plant proteins present in the fruits could account
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for this result. Also. it is possible that cases had changed their fruit
consumption as a result of their preclinical disease. Of course. the
possibility of a chance finding cannot be ruled out.

‘Mate’ drinking has been suggested as a risk factor for
oesophageal. oral. gastric. bladder and lung cancer in previous
studies (Vassallo et al. 1985: Victora et al. 1987: De Stefani et al.
1988. 1996: De Stefani et al. 1990: Pintos et al. 1994). As ‘mate” is
drunk very hot. thermal injury has been postulated as the likely
mechanisms in oesophageal. gastric and oral carcinogenesis
(IARC. 1991). Nevertheless. the increased risk observed for
bladder and lung cancer would imply other mechanisms. presum-
ably via a chemical effect. So far no carcinogens have been
detected in "mate’ (H. Barstch. personal communication: R.
Adams and D. Hoffmann. personal communication). An increased
risk of RCC associated with "mate” drinking is. to our knowledge.
a new finding. As ‘mate” is a diuretic. a class of agents found to
increase the risk of RCC. a diuretic effect could be postulated for
the increased risk associated with ‘mate” drinking. Finally. "mate’
contains caffeic acid (Hagiwara et al. 1991). which has been linked
to kidney tumours in experimental animals. raising the possibility
of a renal chemical effect. Residual confounding between ‘mate’
drinking and tobacco smoking has however been raised as a possi-
bility (De Stefani et al. 1996). The effect of ‘mate” drinking in
increasing the risk of RCC should be further investigated and
replicated in other settings.

Like most case—control studies. the present study has limitations
and strengths. Firstly. the lack of information on a previous history
of hypertension is a severe limitation. as this condition is related to
both diet and RCC (Chow et al. 1995). Thus. hypertension is a
confounder in the relationship diet-RCC and. as such. could
distort the estimates observed in the study. Secondly. the statistical
power of this study is limited. precluding certain detailed analyses.
e.g. between variables. Also. the small size of food frequency
questionnaire precluded the calculation of total energy intake and
nutrients. with the exception of protein intake. Finally. the use of
hospitalized controls could have masked the lack of association
with tobacco smoking. A similar finding was reported in a
hospital-based case—control study conducted in a French popula-
tion (Benhamou et al. 1993). Among the strengths of our study. the
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similar catchment area for cases and controls, the almost complete
participation rate and the lack of proxy responses makes appre-
ciable selection or classification bias unlikely.

In summary, the results of the present case—control study repli-
cates previous findings according to which high body mass index
is a major risk factor for RCC (Lindblad et al, 1994). Also, meat
intake, consumption of heterocyclic amines resulting from the
cooking of meat and ‘mate’ drinking could be associated with an
increased risk of RCC in the Uruguayan population.
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