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BACKGROUND: It has been suggested that the apparent protective effect of alcohol intake on renal cell carcinoma may be due to the
diluting effect of carcinogens by a high total fluid intake. We assessed the association between intakes of total fluids and of specific
beverages on the risk of renal cell carcinoma in a large prospective cohort of UK women.
METHODS: Information on beverage consumption was obtained from a questionnaire sent B3 years after recruitment into the Million
Women Study. Cox proportional hazards models were used to estimate relative risks (RRs) and 95% confidence intervals (CIs)
for renal cell carcinoma associated with beverage consumption adjusted for age, region of residence, socioeconomic status, smoking,
and body mass index.
RESULTS: After an average of 5.2 years of follow-up, 588 cases of renal cell carcinoma were identified among 779 369 women. While
alcohol intake was associated with a reduced risk of renal cell carcinoma (RR for X2 vs o1 drink per day: 0.76; 95% CI: 0.61–0.96;
P for trend¼ 0.02), there was no association with total fluid intake (RR for X12 vs o7 drinks per day: 1.15; 95% CI: 0.91–1.45;
P for trend¼ 0.3) or with intakes of specific beverages.
CONCLUSIONS: The apparent protective effect of alcohol on the risk of renal cell carcinoma is unlikely to be related to a high
fluid intake.
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Kidney cancer is relatively rare, accounting for about 2% of
cancers in women. The most important risk factors identified to
date are obesity, smoking, and hypertension (Chow et al, 2000;
IARC, 2004; Reeves et al, 2007). Although the role of other lifestyle
factors in the aetiology of kidney cancer remain unclear, there is
growing epidemiological evidence that alcohol consumption may
lower the risk of renal cell carcinoma, which comprises about
80–90% of all kidney cancers. We have previously shown that,
among middle-aged women in the United Kingdom, each addi-
tional alcoholic drink regularly consumed per day is associated
with a significant reduction in risk of about 12% (Allen et al, 2009),
and which is consistent with findings from a pooled analysis of
data from 12 other prospective studies (Lee et al, 2007a). However,
the mechanisms through which alcohol may reduce risk are
unclear. It has been suggested that a high fluid intake, rather than
alcohol consumption per se, may reduce the risk of renal cell
carcinoma by increasing urine volume and thereby diluting the
concentration of carcinogens within the kidney. However, only two
case–control studies (Kreiger et al, 1993; Wolk et al, 1996) and one
cohort study (Lee et al, 2006) have examined whether total fluid
intake is associated with the risk of renal cell carcinoma.
The aim of this study is to examine the association between the

consumption of total fluid and of specific beverages in relation to
the risk of renal cell carcinoma in a large cohort of middle-aged
women in the United Kingdom.

MATERIALS AND METHODS

The Million Women Study has been described in detail
elsewhere (Allen et al, 2009). Briefly, between 1996 and 2001 a
total of 1.3 million women aged 50–64 years attending breast
cancer screening clinics in the United Kingdom completed a
questionnaire asking about their lifestyle and other personal
factors. All women were mailed a self-administered second
questionnaire, on average 3.1 (s.d., 1.9) years after recruitment,
that updated information on a range of measures, including
new questions on diet, based on a food-frequency questionnaire,
and intakes of various types of beverages. Of the 1.3 million
women recruited into the study, B65% responded to the
second questionnaire, which can be viewed on the study
website (http://www.millionwomenstudy.org). All analyses
presented here are based on responses to this second question-
naire. All participants have given written informed consent
to take part in the study, and ethics approval was provided
by Oxford and Anglia Multi-Centre Research and Ethics
Committee.
Every study participant is routinely followed-up for death,

emigration, and cancer registration, by being flagged on the
National Health Service Central Registers using their unique
National Health Service number and other personal details. The
registers regularly provide study investigators with information on
the date of each event in participants, and code the underlying
cause of death and cancer site according to the 10th revision of the
International Classification of Diseases (ICD10) (WHO, 1992). For
the present analysis, we examined incident renal cell carcinoma
(ICD10 C64).
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Statistical analyses

Of the 864 381 women who were potentially eligible for these
analyses, we excluded women who were registered with any cancer
(except non-melanoma skin cancer (ICD10 C44)) before complet-
ing the second questionnaire (5.4%), and women who had missing
information on alcohol intake or total fluid intake (1.0%). We also
excluded a small proportion of women with unfeasibly high fluid
intakes (430 drinks per day; 0.3%) and women who were being
treated for diabetes (as both their fluid consumption and cancer
rates may be different from that of women without diabetes
(3.2%)), leaving 779 369 women included in this analysis.
The questionnaire asked women to record how many non-

alcoholic drinks (one drink being defined as one glass or cup) they
typically consumed per day, for each of tea, coffee, milk/hot
chocolate, water, carbonated/fizzy drinks, and fruit squash.
Separate questions asked women to record the number of glasses
per week of fruit juice and alcoholic beverages they consumed,
which was converted to glasses per day to ensure comparability
with the other variables. One alcoholic drink was defined on the
questionnaire as one glass of wine, one half-pint of lager or one tot
(i.e., a single measure) of spirits. As we had also asked about
alcohol consumption at recruitment we used that information
for the women who had missing values on the follow-up
questionnaire.
Woman-years were calculated from the date of returning the

second questionnaire that included questions about intakes of
various fluids to the date of any cancer registration (other than
non-melanoma skin cancer), death, or the last date of follow-up,
whichever came first. The end of follow-up for cancer incidence
was 31 December 2007 for East Anglia, South West, and North
West (Mersey); 30 June 2007 for Oxford, Thames, West Midlands,
and Trent; and 31 December 2006 for Scotland, North West
(Manchester/Lancashire), and North Yorkshire. Follow-up was
complete for over 99% of the cohort population.
Cox proportional hazards models were applied to estimate relative

risks (RRs) of renal cell carcinoma associated with fluid consumption,
with attained age as the underlying time variable, using the STATA
computing package (STATA Corp., 2007, release 9.2 College Station,
TX, USA). Analyses were stratified according to geographical region
(10 regions) and socioeconomic status (quintiles of deprivation index,

based on postcode of residence) (Townsend et al, 1988), and adjusted
for self-reported body mass index (in six categories with cut points
at 22.5, 25.0, 27.5, 30.0, and 35.0 kgm–2) and smoking (never, past,
current smokers o10, 10–19, X20 cigarettes per day), assigning
missing values to a separate category, where necessary. Additional
adjustment for use of menopausal hormone therapy and current
treatment for high blood pressure changed the risk estimates by
o10% and these covariates were not included in the final model. In
all analyses, the reference group for total fluid intake was 1–7 drinks
per day, and for specific beverages was zero oro1 drink per day. The
test for trend across categories of intake was based on the mean
intake within each group.
The association of total fluid intake on the risk of renal cell

carcinoma was examined in relation to the main known risk
factors, including current smoking status (yes, no), body mass
index (o25.3, X25.4 kgm–2, divided at the median), and time
between completing the second questionnaire and diagnosis (o2,
X2 years); evidence of heterogeneity was assessed using w2-tests.

RESULTS

A total of 779 369 women were followed-up for an average of 5.2
years, during which time 588 incident cases of renal cell carcinoma
were identified. The average age at the time the information on
fluid consumption was reported was 59 years (5–95th percentile:
53–67 years), and the mean age at renal cell carcinoma diagnosis
was 64 years. The relative contribution of specific beverages to
overall fluid consumption is shown in Table 1. Overall, tea, water,
and coffee contributed the most to total fluid consumption (35, 25,
and 21%, respectively) with alcohol, fruit squash, fruit juice, milk,
and carbonated drinks each contributing p5% to total fluid
intake. Figure 1 shows the distribution of total fluid intake among
all women, with a median of 10 drinks per day (5–95th percentile
range: 5–16 drinks per day). Water contributed most to the
variation in total fluid intake, although women with a high intake
of total fluid (i.e., X12 drinks per day) also drank proportionally
more alcohol and fruit squash and less tea and coffee than women
with a low overall intake (o7 drinks per day). Women who drank
X12 drinks each day tended to be younger, have a slightly higher
body mass index, were more likely to be current smokers, and less

Table 1 Characteristics of the study population by total fluid consumption

Total fluid consumption (drinks per day)

1–7 8–9 10–11 X12 All women

Numbers of women 179 966 208 710 181 014 209 679 779 369

Number of drinks per day (mean, s.d.)
Total 6.1 (1.1) 8.5 (0.5) 10.4 (0.5) 14.2 (2.7) 9.9 (3.4)
Tea 2.4 (1.8) 3.1 (2.1) 3.5 (2.3) 4.4 (3.2) 3.4 (2.5)
Water 1.2 (1.4) 2.1 (1.7) 2.8 (2.0) 4.2 (2.8) 2.6 (2.3)
Coffee 1.5 (1.5) 1.8 (1.7) 2.0 (1.9) 2.4 (2.4) 2.0 (1.9)
Alcohol 0.2 (0.6) 0.4 (0.8) 0.7 (1.0) 1.0 (1.3) 0.6 (1.0)
Fruit squash 0.2 (0.5) 0.3 (0.7) 0.4 (0.8) 0.7 (1.4 0.4 (0.9)
Fruit juice 0.2 (0.5) 0.3 (0.6) 0.5 (0.7) 0.7 (0.9) 0.4 (0.7)
Carbonated drinks 0.2 (0.6) 0.2 (0.6) 0.3 (0.7) 0.5 (1.2) 0.3 (0.8)
Milk 0.2 (0.4) 0.2 (0.5) 0.3 (0.6) 0.4 (1.0) 0.3 (0.7)

Lifestyle characteristicsa

Age at the time of reporting (mean, s.d.) 59.5 (5.0) 59.5 (5.0) 59.4 (4.9) 59.1 (4.9) 59.4 (4.9)
Body mass index (kgm– 2; mean, s.d.) 25.9 (4.5) 26.0 (4.4) 26.0 (4.4) 26.1 (4.5) 26.0 (4.5)
Current smokers (%) 9.8 11.0 12.4 15.5 12.3
Lowest socioeconomic quintile (%) 17.1 15.5 15.6 17.3 16.4
Current use of hormone-replacement therapy (%) 28.6 28.0 28.1 28.3 28.3
Treatment for hypertension (%) 21.3 21.1 20.9 20.7 21.0

aExcludes a small proportion of women with missing values.
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likely to be treated for hypertension than women with a low intake
of total fluids (o7 drinks per day; Table 1).
Table 2 shows the risk of renal cell carcinoma associated with

consumption of total fluids. Overall, consumption of total
fluids was not associated with risk; compared with women
who drank o7 drinks per day, the RRs for women who drank

8–9, 10–11, and X12 drinks per day were 1.13 (95% confidence
interval (CI): 0.89–1.42), 1.06 (95% CI: 0.83–1.35), and 1.15 (95%
CI: 0.91–1.45), respectively (P for trend¼ 0.3). Figure 2 shows the
association of total fluid intake and risk of renal cell carcinoma by
smoking status, body mass index, and time between completing
the questionnaire and diagnosis, none of which modified the
overall association.
Table 3 shows the risk of renal cell carcinoma associated with

consumption of tea, water, and coffee, and Table 4 shows the
association with less frequently consumed beverages, including
alcohol, fruit squash, fruit juice, milk, and carbonated drinks.
There was a significant inverse association with increasing alcohol
intake, with an RR of 0.76 (95% CI: 0.61–0.96) for women drinking
two or more drinks per day compared with women drinking none
or o1 drink per day (P for trend¼ 0.02). Additional adjustment
for total fluid intake make little difference to the association with
alcohol intake, with an RR of 0.73 (95% CI: 0.58–0.92) for women
drinking two or more drinks per day compared with women
drinking none or o1 drink per day (P for trend¼ 0.01). There was
no association between intake of any individual non-alcoholic
beverage and risk of renal cell carcinoma.

DISCUSSION

In this large prospective cohort of middle-aged British women,
total fluid intake was not associated with a reduced risk of renal

Table 2 Multivariate relative risks (RRs)a and 95% confidence intervals (CIs) for renal cell carcinoma by total fluid consumption

Total fluid consumption (drinks per day)
RR (95% CI)

1–7 8–9 10–11 X12 P for trendb per drink per day

No. of cases/population 126/179 966 164/208 710 132/181 014 166/209 679
Woman-years (thousands) 945 1091 939 1075
RR (95% CI) 1.00 (Ref) 1.13 (0.89–1.42) 1.06 (0.83–1.35) 1.15 (0.91–1.45) 0.3 1.01 (0.99–1.04)

aRRs are stratified by region of residence and adjusted for socioeconomic status, body mass index, and smoking. bTest for trend was calculated by scoring the categories
according to the mean intake in each category.
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Figure 1 Distribution of total fluid intake among 779 369 women in the
Million Women Study.

Characteristic
Number of cases/

population Relative riska (95% CI) per drink per day Pheterogeneity
d

588/779 369 1.01 (0.99–1.04)

1.02 (0.98–1.06)

1.01 (0.97–1.04)

1.00 (0.96–1.05)

1.03 (0.99–1.07)

1.00 (0.96–1.05)

1.02 (0.99–1.05)

0.9 0.95 1.0 1.05 1.1

0.3

0.3

1.0

287/413 418

287/346 167

227/369 152

304/352 823

197/778 978

391/779 172

All women

Smokingb

Never

Body mass index (kg m–2)c

Time between completing the questionnaire
and diagnosis (years)

Ever

<25.3

�25.4

< 2

�2

a Stratified by region of residence and adjusted for socioeconomic status, body mass index, and smoking.
b Excludes 19 784 women with missing data.
c Excludes 57 394 women with missing data.
d Test for heterogeneity was calculated using �-square tests.

Figure 2 Multivariate relative risks (RRs) and 95% confidence intervals (CIs) for renal cell carcinoma per drink per day increase according to various
characteristics of the women studied.
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cell carcinoma. For specific beverages, only alcohol consumption
was associated with a significant reduction in risk, with no
association between intakes of any other beverage on the risk of
renal cell carcinoma.
We previously reported that alcohol intake, as measured at

recruitment, was associated with a reduced risk of renal cell
carcinoma in this study population (Allen et al, 2009); with updated
information provided about 3 years after recruitment, the association
persists. However, women who drink more alcohol also tend to
drink more fluid overall (Table 1), and it has been suggested that
this apparent protective effect may be due to a diluting effect of
carcinogens related to a high fluid intake rather than to an effect of
alcohol per se. Our finding that total fluid intake is not associated with
risk of renal cell carcinoma refutes this hypothesis, and is consistent
with the results from the two case–control studies (Kreiger et al,
1993; Wolk et al, 1996) and one prospective study (Lee et al, 2006)
that have examined this association.
We found little to suggest that consumption of tea or coffee is

associated with risk of renal cell carcinoma, which is consistent
with the findings from most other studies (Armstrong et al, 1976;
Jacobsen et al, 1986; Yu et al, 1986; Asal et al, 1988; McCredie et al,
1988; Maclure and Willett, 1990; Talamini et al, 1990; Benhamou

et al, 1993; Kreiger et al, 1993; Wolk et al, 1996; Yuan et al, 1998;
Bianchi et al, 2000; Bravi et al, 2007; Hu et al, 2009; Montella et al,
2009). Results from cohort studies are mixed: a pooled analysis
of 13 prospective studies reported a small reduction in renal cell
carcinoma risk with coffee consumption among women
and with tea among men (Lee et al, 2007b); other cohort studies
not included in the pooled analysis that have examined coffee
intake in relation to renal cell carcinoma have reported
inconsistent findings (Stensvold and Jacobsen, 1994; Washio
et al, 2005; Nilsson et al, 2010). Taken together, the evidence
suggests little or no effect of tea or coffee consumption on renal
cell carcinoma risk.
To our knowledge, only three studies have examined water

intake in relation to the risk of renal cell carcinoma (Wolk et al,
1996; Lee et al, 2006; Hu et al, 2009), all of which found no
association and is consistent with our findings. Few individual
studies have examined the association of other beverages on the
risk of renal cell carcinoma. One multi-centre case–control study
in Canada reported a significant positive association with intake of
juice in men but not in women (Hu et al, 2009). Our finding of no
association with fruit juice or other beverages including squash,
milk, or carbonated drinks on the risk of renal cell carcinoma is

Table 3 Multivariate relative risks (RRs)a and 95% confidence intervals (CIs) for renal cell carcinoma by consumption of tea, water, and coffee

Drinks per day
RR (95% CI)

1–7 8–9 10–11 X12 P for trendb per drink per day

Tea
No. of cases/population 97/119 259 116/179 955 190/258 006 185/221 561
RR (95% CI) 1.00 (Ref) 0.83 (0.63, 1.09) 0.91 (0.71, 1.17) 0.98 (0.76, 1.25) 0.6 1.01 (0.97, 1.04)

Water
No. of cases/population 126/159 835 198/280 977 170/205 556 94/132 413
RR (95% CI) 1.00 (Ref) 0.99 (079, 1.23) 1.20 (0.95, 1.52) 1.10 (0.84, 1.43) 0.2 1.02 (0.99, 1.06)

Coffee
No. of cases/population 143/198 367 286/342 811 95/162 614 64/74 989
RR (95% CI) 1.00 (Ref) 1.13 (0.92, 1.38) 0.78 (0.60, 1.02) 1.05 (0.78, 1.42) 0.4 0.98 (0.94, 1.02)

aRRs are stratified by region of residence and adjusted for socioeconomic status, body mass index, and smoking. bTest for trend was calculated by scoring the categories
according to the mean intake in each category.

Table 4 Multivariate relative risks (RRs)a and 95% confidence intervals (CIs) for renal cell carcinoma by consumption of other drinks

Drinks per day
RR (95% CI)

0 or o1 1 X2 P for trendb per drink per day

Alcohol
No. of cases/population 461/567 918 35/45 030 92/165 833
RR (95% CI) 1.00 (Ref) 1.02 (0.72–1.43) 0.76 (0.61–0.96) 0.02 0.90 (0.81–0.99)

Fruit squash
No. of cases/population 437/586 672 93/122 112 58/69 997
RR (95% CI) 1.00 (Ref) 1.03 (0.82–1.28) 1.10 (0.84–1.45) 0.5 1.03 (0.94–1.14)

Fruit juice
No. of cases/population 419/529 063 118/183 018 51/66 700
RR (95% CI) 1.00 (Ref) 0.84 (0.68–1.03) 1.01 (0.76–1.36) 0.5 0.96 (0.84–1.08)

Milk
No. of cases/population 453/610 605 116/140 880 19/27 296
RR (95% CI) 1.00 (Ref) 1.09 (0.89–1.34) 0.97 (0.61–1.54) 0.7 1.02 (0.90–1.16)

Carbonated drinks
No. of cases/population 474/641 379 62/83 502 52/53 900
RR (95% CI) 1.00 (Ref) 0.96 (0.73–1.25) 1.18 (0.89–1.58) 0.3 1.05 (0.95–1.17)

aRRs are stratified by region of residence and adjusted for socioeconomic status, body mass index, and smoking. bTest for trend was calculated by scoring the categories
according to the mean intake in each category.
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consistent with data from a pooled analysis of 13 prospective
studies (Lee et al, 2007b).
In this study, women who drank relatively high amounts of total

fluid were younger, slightly heavier, and smoked more cigarettes
than women who drank lower amounts of total fluid. Nonetheless,
all analyses were adjusted for these factors and are therefore
unlikely to have influenced the associations found between fluid
intake and risk of renal cell carcinoma. Additional adjustment for
other lifestyle factors (use of hormone-replacement therapy and
current treatment for high blood pressure) made little difference to
the risk estimates, suggesting that confounding by these other
factors is unlikely. We did not have information on other factors
such as family history of renal cell carcinoma or total energy
intake, although these factors would have to be related to both
fluid intake and renal cell carcinoma risk to have strongly
confounded any association.
The strengths of this study include its prospective design and

detailed data on specific beverage consumption. The large study
size and the relatively wide distribution of intake for most
beverages also meant that there was sufficient power to detect an
association, if one existed, with the possible exception of milk
intake that contained few cases in the highest category of intake.
The average intake of tea, coffee, water, squash, fruit juice, milk,
and carbonated drinks among this study population is comparable
with a national survey of middle-aged British women conducted in
2000–2001 (Office of National Statistics, 2003), and has also been
shown to be broadly similar in other respects with that of the
general population (Banks et al, 2002). Our measure of total fluid
intake does not include the water component of foods. In addition,
women will use different glass and cup sizes to represent a measure
of one drink, resulting in some misclassification of the volume of
fluid consumed. These analyses are also based on the assumption
that beverage consumption at the time of completing the
questionnaire is a suitable marker of long-term intake. We did
ask the same questions 2 years later in a random sample of 1271
women and all beverages, except carbonated drinks, were reported
with high consistency (i.e., changed o15%) (Roddam et al, 2005).
The average intake of carbonated drinks declined from 0.7 to 0.6
drinks per day and it is difficult to know if this reflects a real
change in intake over time or is a consequence of the low overall
intake of carbonated drinks. Although it is possible that women
with preclinical symptoms of kidney disease may have changed
their fluid intake, our finding that the risk estimates were similar
between those who were diagnosed o2 years following completion
the questionnaire and those diagnosed later, suggests that reverse
causation bias did not unduly influence the overall results.
The results from this study suggest that a high fluid intake does

not explain the potential protective effect of alcohol on the risk
of renal cell carcinoma. It is possible that moderate alcohol
consumption may protect against the risk of renal cell carcinoma
through its effect on the immune system (Romeo et al, 2007) or
on lipid peroxidation (Gago-Dominguez et al, 2002), although
perhaps a more likely explanation is via alcohol’s reported
beneficial effect on insulin sensitivity (Kiechl et al, 1996; Davies
et al, 2002), given that obesity and diabetes are risk factors for
renal cell carcinoma. More work is needed to examine whether
these alternative mechanisms can explain the apparent protective
association of moderate alcohol intake on the risk of renal cell
carcinoma.

Conclusion

The finding that total fluid consumption and consumption of
specific individual beverages was not associated with risk of renal
cell carcinoma suggests that any potential protective effect of
alcohol on risk of renal cell carcinoma is not a consequence of a
high overall fluid intake.
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