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Abstract

Background Previous studies have suggested that a high
intake of legumes may decrease the risk of stomach and
prostate cancer and some other cancers. However, the
evidence is still limited. To further explore the association
between legume intake and cancer risk we conducted a
case—control study of 11 cancer sites in Uruguay between
1996 and 2004, including 3,539 cancer cases and 2,032
hospital controls.

Results The highest versus the lowest tertile of legume
intake was associated with a significant decrease in the risk
of cancers of the oral cavity and pharynx (OR = 0.48, 95%
CI: 0.34-0.68), esophagus (OR = 0.54, 95% CI: 0.38-
0.77), larynx (OR = 0.55, 95% CI: 0.40-0.77), upper
aerodigestive tract (OR = 0.50, 95% CI: 0.40-0.63),
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stomach (OR = 0.69, 95% CI: 0.49-0.97), colorectum
(OR =043, 95% CI: 0.32-0.59), kidney (OR = 0.41,
95% CI: 0.24-0.71), and all sites combined (OR = 0.68,
95% CI: 0.59-0.78). No significant association was
observed between legume intake and cancers of the lung
(OR = 1.03, 95% CI: 0.83-1.27), breast (OR = 0.89, 95%
CI: 0.65-1.20), prostate (OR = 0.87, 95% CI: 0.64-1.18)
or bladder (OR = 0.82, 95% CI: 0.57-1.17). Similar
results were found for both beans and lentils.

Conclusion Higher intake of legumes was associated with
a decreased risk of several cancers including those of the
upper aerodigestive tract, stomach, colorectum, and kid-
ney, but not lung, breast, prostate or bladder. Further
investigations of these associations in prospective cohort
studies are warranted.

Keywords Legumes - Beans - Lentils - Diet - Food -
Cancer
Introduction

Legumes have been cultivated for thousands of years and
have played an important role in the traditional diets in
many areas of the world. Legumes are a diverse group of
foods, including peas, beans, lentils, peanuts, and other
podded plants. Legumes are good sources of dietary fiber
and in particular soluble fiber which may decrease blood
cholesterol and therefore could decrease cardiovascular
risk [1]. In addition, legumes are good sources of dietary
protein, vitamin E, B-vitamins such as pyridoxine and folic
acid, selenium, isoflavones, and lignans with potential
cancer-preventive effects [2].

Some studies have indicated reduced risk of cancers of
the oral cavity and pharynx [3-5], larynx [6], stomach
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[7-9], prostate [10-14], and breast [15-18] with higher
intake of legumes. However, other studies did not confirm
these findings [19-23] and most studies found no signifi-
cant association between legume intake and cancers of the
colorectum [24-26], lung [27, 28] or kidney cancer [29-
32]. In the most recent report from the World Cancer
Research Fund and American Institute for Cancer Research
there was limited suggestive evidence for a protective
effect of legumes on the risk of stomach and prostate
cancer [33], however, the evidence for other cancer sites
was considered too limited or inconsistent for any con-
clusion. To further clarify the effect of legume intake upon
cancer risk we decided to explore these associations in a
multisite case—control study of diet and cancer in Uruguay,
between 1996 and 2004.

Materials and methods
Selection of cases

In the time period between 1996 and 2004 we conducted a
case—control study including cancers of the mouth and
pharynx (n = 283), esophagus (n = 234), stomach (n =
275), colon (n = 176), rectum (n = 185), larynx (n = 281),
lung (n = 931), breast (n = 461), prostate (n = 345),
bladder (n = 254), and kidney (n = 114). All the cases were
<90 years old at diagnosis (age range 26—-89 years, mean
63.6 years) and were drawn from the four major public
hospitals of Montevideo. A total of 3,744 patients with newly
diagnosed and microscopically confirmed primary cancers
were considered eligible for the study. In total, 205 patients
refused the interview or were too ill to be interviewed leaving
a final total of 3,539 cases (response rate 94.5%). No proxy
interviews were conducted neither for cases nor controls.

Selection of controls

In the same time period and in the same hospitals, 2,117
patients <90 years old (age range 23-89 years, mean
62.3 years) with nonneoplastic diseases not related to
smoking, drinking, and without recent changes in their
diets were considered eligible for this study. In total 85
patients refused the interview or were too ill to be inter-
viewed, leaving a final total of 2,032 controls (response
rate 96.0%). These patients were admitted with the fol-
lowing diseases: eye disorders (n = 431, 21.2%), abdom-
inal hernia (n = 422, 20.8%), injuries and accidents
(n = 388, 19.1%), varicose veins (n = 112, 5.5%), acute
appendicitis (n = 111, 5.5%), diseases of the skin
(n = 137, 6.7%), hydatid cyst (n = 101, 5.0%), urinary
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system diseases (n = 96, 4.7%), and various other condi-
tions (n = 234, 11.5%).

Interviews and questionnaire

All the participants were administered a structured ques-
tionnaire by two trained social workers. All the interviews
of cases and controls were conducted in the hospitals shortly
after admittance. The questionnaire contained the following
sections: (1) sociodemographics (age, sex, residence, edu-
cation), (2) a complete occupational history (type of job and
duration), (3) self-reported height and weight 5 years before
the date of the interview, (4) a history of cancer in first
degree relatives, (5) a complete history of tobacco smoking
(age at start, age of quit, number of cigarettes smoked per
day, type of tobacco, type of cigarette, inhalation practices),
(6) a complete history of alcohol drinking (age at start, age
of quit, number of glasses per day or week, type of alcoholic
beverage), (7) a complete history of mate, coffee, and tea
consumption (age at start, age of quit, number of cups or
liters ingested per day), and (8) a detailed food frequency
questionnaire (FFQ) with 64 food items which covered the
dietary intake 1 year before diagnosis. This FFQ was con-
sidered as representative of the Uruguayan diet and allowed
for the estimation of total energy intake. There were two
questions on the frequency of intake of legumes (beans and
lentils) in the FFQ, using a standard serving size of 82
grams and total legumes were calculated as the sum of
beans and lentils. The correlation coefficient was 0.84
between beans and legumes and 0.87 between lentils and
legumes, while it was 0.48 between beans and lentils.
Although the FFQ was not validated, it was tested for
reproducibility and the correlation coefficient between the
two FFQs was 0.70 for legumes [34].

Statistical methods

We used unconditional logistic regression to estimate odds
ratios and 95% confidence intervals (95% Cls) by tertiles
of legume intake. The tertiles were based on the distribu-
tion of legume and bean intake among the controls. For
comparison we used identical cut-points for beans and
lentils. In addition we conducted analyses with more
extreme categorizations of legume intake to assess whether
higher intakes were more strongly associated with cancer
risk. We also calculated ORs and 95% Cls on a continuous
scale and the increment was 25 g/day for legumes, beans,
and lentils. We used a multivariable model including the
following covariates: age (continuous), sex (when appli-
cable), residence (urban/rural), education (continuous),
income (continuous), interviewer, smoking status (never
smokers, former smokers, current smokers), age at starting
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smoking (continuous), years since quitting smoking (con-
tinuous), cigarettes per day (continuous), duration of
smoking (continuous), alcohol intake (0, 1-60, 61-120,
121-240, >241 ml/day), intake of grains (continuous),
dairy products (continuous), fatty foods (continuous), fruits
and vegetables (continuous), total meat (continuous),
energy intake (continuous), mate drinking status (never
drinkers, former drinkers, current drinkers), and BMI
(continuous). Potential confounders were included in the
multivariate model based on a review of the literature, from
comparisons of cases versus controls and/or whether they
modified the risk estimates 10% or more. In a sensitivity
analysis we further adjusted for other potential dietary
confounders, such as coffee, tea, total fat, and cholesterol,
to assess whether residual confounding by these could
explain the findings, and as an exploratory analysis we
further adjusted for fiber, vitamin E, B-vitamins, and pro-
tein intake to test whether these nutrients accounted for part
of the association between legume intake and cancer risk.
Tests for linear trend were calculated by entering the cat-
egorical variables as continuous parameters in the models.
Possible interactions between legume intake and age, sex,
fruits and vegetables, total meat, smoking status, alcohol
intake were assessed by including cross product terms in
the multivariable models. A two-tailed p value of <0.05
was considered to be statistically significant. All statistical
tests were carried out using STATA version 9.2.

Results

Sociodemographic characteristics and selected risk factors
among the cases and controls are shown in Table 1.
Compared with the controls, the cases were in general
older (p = 0.0001 with a z-test, not shown in table) and
were more likely to be current smokers (p < 0.0001, with
chi-square test) and had a higher intake of alcohol
(p < 0.0001) and meat (p < 0.0001), but a lower intake of
legumes (p = 0.007), beans (p = 0.05), and lentils
(p = 0.008), while intake of fruits and vegetables was
similar (p = 0.18). Intake of beans contributed 45% and
lentils contributed 55% of total legume intake.

The highest versus the lowest tertile of legume intake was
associated with a significantly decreased risk of cancers of
the oral cavity and pharynx (OR = 0.48, 95% CI: 0.34—
0.68; puena < 0.0001), esophagus (OR = 0.54, 95% CI:
0.38-0.77; puena = 0.001), larynx (OR = 0.55, 95% CI:
0.40-0.77; puena < 0.0001), upper aerodigestive tract (oral
cavity, pharynx, esophagus and larynx) (OR = 0.50, 95%
CI: 0.40-0.63; pyrena < 0.0001), stomach (OR = 0.69, 95%
CIL: 0.49-0.97; puena = 0.02), colorectum (OR = 0.43,
95% CI: 0.32-0.59; pirena < 0.0001), kidney (OR = 0.41,
95% CI: 0.24-0.71; pyena = 0.001) and all cancers
combined (OR = 0.68, 95% CI. 0.59-0.78; pyena <
0.0001) (Table 2). There were no significant asso-
ciations with cancers of the lung (OR = 1.03, 95%

Table 1 Sociodemographic characteristics and selected risk factors among cases and controls (numbers are means (standard deviations), except

for sex and smoking (%))

Cancer site n Age Male Current Former Ethanol Fruit, Meat Legumes Beans Lentils
(years) sex smokers smokers (g/day) vegetables (g/day) (g/day) (g/day) (g/day)
(%) (%) (%) (g/day)
Oral 283 599 (9.7)  96.8 82.0 15.2 168.3 (175.8) 326.6 (153.1) 253.2 (104.7) 6.5 (12.9) 3.3 (7.0) 3.2 (6.9)
Esophagus 234 66.3 (10.3) 78.6 51.7 27.8 97.1 (154.6) 306.3 (143.2) 230.5 (93.6) 7.0 (14.3) 3.1 (74) 3.9 (9.1)
Larynx 281 62.1 (10.0) 97.5 69.8 27.4 153.3 (183.0) 318.0 (139.2) 261.8 (99.7) 6.3 (12.7) 2.9 (6.5) 3.4 (7.0)
Upper 798 62.5(10.3) 91.7 68.8 232 142.2 (174.8) 317.6 (145.5) 249.6 (100.5) 6.6 (13.2) 3.1 (6.9) 3.5 (7.6)
aerodigestive
tract

Stomach 275 65.6 (11.2) 69.3 40.5 252 67.5 (110.7) 332.8 (141.2) 2259 (94.0) 58 (8.6) 23 (4.7) 3.5(5.8)
Colon 176 643 (11.9) 494 27.8 26.1 36.1 (100.4) 322.5 (153.7) 220.2(92.0) 5.6(8.9) 22(4.8) 3.4(5.9)
Rectum 185 66.3 (10.2) 68.7 31.9 314 55.6 (94.3) 335.0 (171.4) 235.1 (98.6) 5.7 (10.5) 2.6 (7.0) 3.1 (7.3)
Colorectum 361 654 (11.1) 593 29.0 28.2 46.1 (97.7) 353.2 (189.5) 211.0 (91.0) 5.6(9.7) 2.4 (6.0) 3.2 (6.6)
Lung 931 62.0 (10.1) 94.0 69.5 27.6 107.3 (146.6) 303.3 (166.0) 227.7 (98.7) 9.5 (14.9) 4.5 (8.5) 4.9 (8.6)
Breast 461 59.7 (13.1) 0 193 10.0 9.6 (40.7) 272.1 (155.6) 196.3 (81.2) 9.8 (12.5) 4.3 (7.0) 5.4 (7.5)
Prostate 345 70.6 (7.3) 100 275 45.8 76.1 (131.0) 336.6 (158.2) 195.4 (87.9) 7.4 (10.6) 3.3 (5.7) 4.1 (6.6)
Bladder 254 67.0 (10.0) 88.2 48.6 3255 66.2 (102.5) 337.2 (185.7) 209.9 (102.2) 6.4 (9.7) 2.5 (5.0) 3.9 (7.5)
Kidney 114 60.6 (11.8) 67.5 482 21.9 61.6 (128.6) 310.6 (159.5) 195.6 (99.5) 53 (9.2) 2.8 (5.4) 25 (44)
All sites 3539 63.6 (11.0) 75.1 50.7 25.7 85.6 (139.5) 323.7 (162.6) 227.9 (110.7) 7.6 (12.5) 3.5 (7.0) 4.2 (7.5)
Controls 2032 623 (12.8) 66.2 379 26.3 59.5 (116.5) 329.8 (156.0) 195.8 (87.1) 8.5 (12.1) 3.8 (6.9) 4.7 (7.3)
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Table 2 Intake of legumes, beans, and lentils in relation to cancer risk (multivariate-adjusted odds ratios and 95% confidence intervals) at

different cancer sites

Cancer site Cases/controls Legumes Cases/controls Beans Cases/controls Lentils
Oral cavity and pharynx
T1* 139/880 1.00 92/729 1.00 78/484 1.00
T2 81/488 0.83 (0.60-1.15) 126/771 0.75 (0.55-1.03) 143/892 0.78 (0.56-1.08)
T3 63/664 0.48 (0.34-0.68) 65/532 0.54 (0.37-0.79) 62/656 0.49 (0.33-0.72)
Ptrend <0.0001 0.001 <0.0001
Continuous” 0.58 (0.41-0.84) 0.49 (0.27-0.89) 0.39 (0.20-0.74)
Esophagus
T1 120/880 1.00 88/729 1.00 75/484 1.00
T2 55/488 0.83 (0.58-1.17) 93/771 0.81 (0.59-1.12) 105/892 0.82 (0.59-1.14)
T3 59/664 0.54 (0.38-0.77) 53/532 0.59 (0.40-0.86) 54/656 0.52 (0.36-0.77)
Dirend 0.001 0.006 0.001
Continuous 0.63 (0.45-0.88) 0.43 (0.23-0.81) 0.59 (0.35-1.01)
Larynx
T1 140/880 1.00 95/729 1.00 67/484 1.00
T2 70/488 0.75 (0.54-1.05) 129/771 0.83 (0.61-1.14) 149/892 1.04 (0.74-1.45)
T3 71/664 0.55 (0.40-0.77) 57/532 0.50 (0.34-0.73) 65/656 0.63 (0.42-0.93)
Ptrend <0.0001 <0.0001 0.014
Continuous 0.55 (0.39-0.80) 0.33 (0.17-0.65) 0.48 (0.27-0.87)
Upper aerodigestive tract
T1 399/880 1.00 2751729 1.00 220/484 1.00
T2 206/488 0.81 (0.65-1.01) 348/771 0.80 (0.65-0.99) 397/892 0.87 (0.69-1.08)
T3 193/664 0.50 (0.40-0.63) 175/532 0.53 (0.41-0.68) 181/656 0.52 (0.40-0.66)
Ptrend <0.0001 <0.0001 <0.0001
Continuous 0.57 (0.45-0.71) 0.40 (0.27-0.59) 0.46 (0.32-0.67)
Stomach
T1 142/880 1.00 114/729 1.00 59/484 1.00
T2 69/488 0.76 (0.55-1.05) 115/771 0.81 (0.61-1.09) 147/892 1.05 (0.75-1.48)
T3 64/664 0.69 (0.49-0.97) 46/532 0.54 (0.37-0.80) 69/656 0.84 (0.57-1.23)
Ptrend 0.019 0.002 0.33
Continuous 0.67 (0.46-0.98) 0.36 (0.17-0.79) 0.73 (0.42-1.29)
Colon
T1 98/880 1.00 83/729 1.00 44/484 1.00
T2 40/488 0.87 (0.58-1.30) 65/771 0.83 (0.58-1.18) 93/892 1.35 (0.91-2.00)
T3 38/664 0.47 (0.31-0.72) 28/532 0.47 (0.29-0.76) 39/656 0.70 (0.43-1.12)
Ptrend <0.0001 0.002 0.14
Continuous 0.41 (0.25-0.68) 0.21 (0.08-0.55) 0.38 (0.18-0.79)
Rectum
T1 101/880 1.00 86/729 1.00 66/484 1.00
T2 47/488 0.99 (0.68-1.46) 66/771 0.69 (0.49-0.99) 80/892 0.76 (0.53-1.09)
T3 37/664 0.42 (0.28-0.64) 33/532 0.45 (0.29-0.71) 39/656 0.45 (0.29-0.70)
Dirend <0.0001 <0.0001 <0.0001
Continuous 0.41 (0.25-0.66) 0.29 (0.13-0.66) 0.28 (0.13-0.61)
Colorectum
T1 199/880 1.00 169/729 1.00 110/484 1.00
T2 87/488 0.89 (0.67-1.20) 131/771 0.73 (0.56-0.95) 173/892 0.99 (0.75-1.31)
T3 75/664 0.43 (0.32-0.59) 61/532 0.44 (0.31-0.61) 78/656 0.53 (0.38-0.75)
Ptrend <0.0001 <0.0001 <0.0001
Continuous 0.41 (0.29-0.59) 0.25 (0.13-0.47) 0.33 (0.19-0.57)
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Table 2 continued

Cancer site Cases/controls Legumes Cases/controls Beans Cases/controls Lentils
Lung
T1 391/880 1.00 256/729 1.00 236/484 1.00
T2 206/488 1.12 (0.89-1.42) 390/771 1.15 (0.93-1.43) 397/892 1.00 (0.80-1.25)
T3 334/664 1.03 (0.83-1.27) 285/532 1.16 (0.91-1.48) 298/656 1.03 (0.80-1.31)
Ptrend 0.75 0.21 0.83
Continuous 1.02 (0.86-1.21) 1.03 (0.77-1.38) 1.02 (0.77-1.34)
Breast
T1 165/266 1.00 166/280 1.00 110/141 1.00
T2 127/170 1.25 (0.90-1.72) 154/224 1.15 (0.85-1.56) 177/290 0.89 (0.64-1.24)
T3 169/250 0.89 (0.65-1.20) 141/182 1.06 (0.77-1.46) 1741255 0.86 (0.61-1.21)
Ptrend 0.45 0.67 0.41
Continuous 0.82 (0.64-1.05) 0.82 (0.53-1.26) 0.71 (0.49-1.05)
Prostate
T1 175/614 1.00 128/449 1.00 101/343 1.00
T2 73/318 0.89 (0.65-1.22) 138/547 0.98 (0.74-1.30) 149/602 1.02 (0.76-1.38)
T3 97/414 0.87 (0.64-1.18) 79/350 0.84 (0.60-1.19) 95/401 0.93 (0.66-1.31)
Ptrend 0.33 0.34 0.66
Continuous 0.92 (0.70-1.21) 0.79 (0.48-1.28) 0.99 (0.63-1.54)
Bladder
T1 122/880 1.00 101/729 1.00 67/484 1.00
T2 67/488 1.36 (0.96-1.93) 107/771 0.85 (0.62—1.16) 117/892 1.14 (0.80-1.60)
T3 65/664 0.82 (0.57-1.17) 46/532 0.59 (0.39-0.89) 70/656 1.06 (0.71-1.57)
Purend 0.39 0.012 0.81
Continuous 0.69 (0.48-0.99) 0.36 (0.17-0.79) 0.79 (0.49-1.29)
Kidney
T1 72/880 1.00 35/729 1.00 36/484 1.00
T2 21/488 0.68 (0.40-1.14) 60/771 1.69 (1.08-2.64) 58/892 0.95 (0.60-1.48)
T3 21/664 0.41 (0.24-0.71) 19/532 0.94 (0.51-1.72) 20/656 0.46 (0.25-0.82)
Dirend 0.001 0.75 0.011
Continuous 0.44 (0.23-0.84) 0.67 (0.27-1.65) 0.16 (0.05-0.54)
All sites
T1 1665/880 1.00 1244/729 1.00 939/484 1.00
T2 856/488 0.95 (0.82-1.11) 1443/771 0.96 (0.83-1.10) 1615/892 0.98 (0.84-1.13)
T3 1018/664 0.68 (0.59-0.78) 852/532 0.72 (0.62-0.85) 985/656 0.74 (0.63-0.87)
Ptrend <0.0001 <0.0001 <0.0001
Continuous 0.72 (0.64-0.82) 0.59 (0.48-0.74) 0.65 (0.53-0.80)

Multivariable model: age, sex, residence, education, income, interviewer, smoking status, age at starting smoking, years since quitting smoking,
cigarettes per day, duration of smoking, alcohol intake, intake of grains, dairy products, fatty foods (eggs, cake, custard, butter), fruits and
vegetables, total meat, mate drinking status, energy intake, and BMI
% Cut-off values and medians for tertiles: Legumes: 0-2.7, 2.71-5.40, 5.41-164 g/day, median: 1.35, 5.39, 14.38 g/day. Beans: 0, 0.22-2.7,
2.71-82 g/day, median: 0, 2.70, 9.44 g/day. Lentils: 0, 0.22-2.7, 2.71-82 g/day, median: 0, 2.70, 11.68 g/day

® OR on a continuous scale for an increment of 25 g/day for legumes, beans and lentils

CI: 0.83-1.27; pyena = 0.75), breast (OR = 0.89, 95% CI:

0.65-1.20; puena = 0.45),

prostate (OR = 0.87, 95%
CI: 0.64-1.18; pyena = 0.33) or bladder (OR = 0.82, 95%
CL: 0.57-1.17; pyena = 0.39), but an inverse association
was apparent for bladder cancer when analysed on a
continuous scale (OR = 0.69, 95% CI: 0.48-0.99).

The results for beans and lentils were similar. The highest
versus the lowest tertile of bean intake was associated with
decreased risk of cancers of the oral cavity and pharynx
(OR = 0.54, 95% CI: 0.37-0.79; pyena = 0.001), esopha-
gus (OR = 0.59, 95% CI: 0.40-0.86; pyena = 0.006), larynx

(OR = 0.50, 95% CI: 0.34-0.73; piena < 0.0001), upper
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aerodigestive tract (OR = 0.53, 95% CI: 0.41-0.68;
Puend < 0.0001), stomach (OR = 0.54, 95% CI: 0.37-0.80;
Puena = 0.002), colorectum (OR = 0.44, 95% CI: 0.31-
0.61; Pirena < 0.0001), bladder (OR = 0.59, 95% CI: 0.39—
0.89; puena = 0.01) and all cancers combined (OR = 0.72,
95% CI: 0.62-0.85; pyena < 0.0001) (Table 2). There were
no significant associations with cancers of the lung (OR =
1.16,95% CI: 0.91-1.48; prena = 0.21), breast (OR = 1.06,
95% CI: 0.77-1.46; pyena = 0.67), prostate (OR = 0.84,
95% CI: 0.60-1.19; pyena = 0.34), or kidney (OR =
0.94,95% CI: 0.51-1.72; pyena = 0.75). The highest versus
the lowest tertile of lentil intake was associated with
decreased risk of cancers of the oral cavity and pharynx
(OR = 0.49, 95% CI: 0.33-0.72; pyena < 0.0001), esopha-
gus (OR = 0.52,95% CI: 0.36-0.77; pyena = 0.001), larynx
(OR = 0.63, 95% CI: 0.42-0.93; pyena = 0.01), upper
aerodigestive tract (OR = 0.52, 95% CI: 0.40-0.66;
Purend < 0.0001), colorectum (OR = 0.53, 95% CI: 0.38—
0.75; prena < 0.0001), kidney (OR = 0.46, 95% CI: 0.25-
0.82; pyeng = 0.01) and all cancers combined (OR = 0.74,
95% CI: 0.63-0.87; pyena < 0.0001) (Table 2). There were
no significant associations with cancers of the stomach
(OR = 0.84,95% CI: 0.57-1.23; pyena = 0.33), lung (OR =
1.03, 95% CI: 0.80-1.31; pena = 0.83), breast (OR = 0.86,
95% CI: 0.61-1.21; pgeng = 0.41), prostate (OR =
0.93, 95% CI: 0.66—1.31; pyena = 0.66) or bladder (OR =
1.06, 95% CI: 0.71-1.57; pena = 0.81).

The result for legume intake and all cancer sites com-
bined was stronger in the multivariable model (OR = 0.68,
95% CI: 0.59-0.78) compared with the simple age and sex-
adjusted model (OR = 0.84, 95% CI: 0.74-0.95, data not
shown). Stepwise addition of each of the confounders to
the age and sex-adjusted model showed that adjustment for
total meat and energy intake explained most of the
strengthening of the effect estimate in the multivariable
model (OR = 0.75, 95% CI: 0.65-0.85 and 0.74, 95% CI:
0.65-0.84, when adding total meat and energy intake,
respectively, to the age and sex-adjusted model, data not
shown). Further adjustment for intake of coffee, tea, total
fat or cholesterol in addition to all the other covariates did
not materially attenuate the estimate for legume intake and
all cancer sites combined (OR = 0.70, 95% CI: 0.61-
0.81), neither did further adjustment for fiber, folate, thia-
mine, riboflavin, pyridoxine, vitamin E, or protein as an
exploratory analysis (OR = 0.71, 95% CI: 0.61-0.84, data
not shown).

In a stratified analysis the inverse association with
legume intake and all cancer sites combined persisted
across most strata of age, sex, intake of fruits and vegeta-
bles, meat, smoking, and alcohol intake (Table 3) and none
of the tests for interaction were significant, p > 0.16.
Analyses using quintiles of intake yielded stronger results
than in tertiles, the ORs and 95% CIs of all cancer sites
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combined were 0.53 (95% CI: 0.44-0.64) for >12.2 vs.
<1.35 g/day of legumes, 0.57 (95% CI: 0.48-0.69) for
>5.40 vs. 0 g/day of beans and 0.58 (95% CI: 0.48-0.70)
for >6.74 vs. 0 g/day of lentils (data not shown).

Discussion

Our results suggest that higher intake of legumes, including
beans and lentils decreases the risk of developing several
types of cancer.

High intake of legumes, beans, and lentils was associated
with decreased risk of cancers of the digestive tract
including those of the oral cavity and pharynx, esophagus,
larynx, stomach, and colorectum. Our results are consistent
with some previous case—control studies, which have
reported 40-60% decreased risk of oral and pharyngeal
cancer with higher intake of legumes [3-6], although two
other case—control studies reported nonsignificant eleva-
tions [19, 35]. The largest study did, however, find a pro-
tective effect [4]. Three previous case—control studies
[36-38] and one cohort study [39] on legume intake and
esophageal cancer all reported relative risks below one, but
only in one small case—control study was the finding sta-
tistically significant [37]. The data for laryngeal cancer is
considerably more limited, but a previous case—control
study from Uruguay reported a nonsignificantly lower risk
with higher legume intake [6]. The inverse association
between legume intake and upper aerodigestive tract can-
cers is consistent with a large cohort study, which recently
found a significant 20% reduced risk of head and neck
cancers with legume intake [40], and a large case—control
study, which reported a nonsignificant 28% reduction in the
risk of head and neck cancer (although our results are
stronger) [41], but not with a smaller cohort study [42]. Our
study is consistent with most previous case—control studies
[7-9, 43-45] and a cohort study [46], which reported sig-
nificant or nonsignificant decreases in the risk of stomach
cancer with higher intake of legumes, although another
cohort study [47] reported no significant association and two
case—control studies reported elevated risk [48, 49]. The
WCRF/AICR 2007 report stated that there was limited
suggestive evidence that legume intake protects against
stomach cancer [33]. Former studies on legume intake and
colorectal cancer have provided mixed results with some
studies indicating an inverse association [50-52], no asso-
ciation [24-26, 53-55] or even an nonsignificantly increased
risk [56] and only one [52] of the seven cohort studies
[24-26, 52, 53, 57, 58] suggested a significant inverse
association, while our study suggested a strong protective
effect.

The results for lung cancer are consistent with most
previous case—control studies [27, 59-62] and the results
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Table 3 Intake of legumes in relation to risk of all cancer sites combined stratified by covariates (tertile 1 is the reference group)

All sites Legumes
T2 T3 Ptrend Pinteraction
Age (years)
<50 1.25 (0.85-1.85) 0.74 (0.52-1.06) 0.11 0.67
>50 0.91 (0.77-1.07) 0.67 (0.57-0.78) <0.0001
Sex*
Men 0.95 (0.79-1.14) 0.71 (0.60-0.85) <0.0001 0.19
Women 0.96 (0.73-1.26) 0.63 (0.48-0.81) 0.001
Fruits, vegetables
<245.4 g/day 0.98 (0.76-1.27) 0.59 (0.45-0.76) <0.0001 0.16
>245.4-381.5 0.99 (0.77-1.27) 0.68 (0.53-0.87) 0.003
>381.5 0.92 (0.70-1.21) 0.76 (0.59-0.98) 0.033
Meat
<120 g/day 1.02 (0.70-1.48) 0.66 (0.45-0.98) 0.002 0.56
>120-240 0.97 (0.79-1.19) 0.67 (0.55-0.82) <0.0001
>240 0.90 (0.68-1.19) 0.69 (0.54-0.90) 0.023
Smoking®
Never 0.88 (0.67-1.15) 0.65 (0.50-0.85) 0.001 0.86
Former 0.93 (0.69-1.25) 0.66 (0.49-0.87) 0.002
Current 1.05 (0.83-1.31) 0.70 (0.56-0.87) 0.001
Alcohol®
Nondrinker 1.01 (0.80-1.27) 0.77 (0.62-0.96) 0.024 0.54
1-120 ml/day 0.87 (0.68-1.12) 0.60 (0.47-0.76) <0.0001
>121 1.03 (0.74-1.44) 0.71 (0.51-0.97) 0.078

Multivariable model: age, sex, residence, education, income, interviewer, smoking status, age at starting smoking, years since quitting smoking,
cigarettes per day, duration of smoking, alcohol intake, intake of grains, dairy products, fatty foods, fruits and vegetables, mate drinking status,

energy intake, BMI, total meat

 In the stratified analyses by sex, smoking and alcohol the respective covariates were not included in the multivariable model

from a pooled analysis of cohort studies [28] which
indicated no significant association. Some previous case—
control studies [63, 64] found no association between
legume intake and breast cancer risk, consistent with our
finding of no association. However, most case—control
[16-18, 65, 66] studies and a cohort study [15] suggested
significant or nonsignificant 20-30% reductions in breast
cancer risk with high legume intake, and we cannot rule out
a such a moderate protective effect, particularly in the
analyses on a continuous scale. Most previous case—control
studies [10, 13, 67, 68] and cohort studies [11, 12, 14] have
suggested a significant or nonsignificant inverse association
between legume intake and prostate cancer and none pro-
vided evidence for a significant increase in the risk [22, 23,
69-71]. Although our study found no significant associa-
tion we cannot completely rule out a weak protective
effect. The WCRF/AICR 2007 report stated that there was
limited suggestive evidence that legume intake protects
against prostate cancer [33].

Our study showed a significant reduction in the risk of
bladder cancer with higher intake of beans and with intake

of legumes when analysed on a continuous scale, but not
with lentils and is consistent with one case—control study
[72], but not with other case—control studies [73, 74] or a
cohort study [75]. Our finding of a protective effect of
legumes on kidney cancer risk is also consistent with one
case—control study [76], but not with other case—control
studies [29, 30] or cohort studies [31, 32].

As to the mechanism that could explain a possible
protective effect of legume intake on cancer risk, there are
several possible explanations. Higher intake of dietary
fiber, which legumes are an important source of, has been
associated with decreased risk of several cancers including
those of the oral cavity, esophagus, and colorectum [33].
Higher intake of dietary fiber may increase stool bulk,
decrease transit time and dilute potential carcinogens in the
gastrointestinal tract [77]. Further, fiber stimulates bacterial
anaerobic fermentation which results in production of
short-chain fatty acids, such as butyrate, which inhibits
growth, induces apoptosis and cell cycle arrest, and pro-
motes differentiation in colon cancer cells [77]. Short-chain
fatty acids may also reduce pH and the conversion of
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primary bile acids to secondary bile acids, which are car-
cinogenic in the colorectum [78]. Fiber may also increase
fecal excretion of sex hormones and reduce enterohepatic
circulation of estrogens, leading to lower serum estrogen
levels [79, 80], and in addition, fiber may increase the levels
of sex-hormone binding globulin [81], which binds estra-
diol and reduces its bioavailability. Higher fiber intake may
improve glycemic control and may lead to better satiety and
weight control [82]. Legumes are also good sources of
folate, which may protect against cancers of the pancreas,
esophagus, and colorectum [33]. Folate has an important
role in the synthesis and methylation of DNA [83]. Folate
deficiency may lead to misincorporation of uracil instead of
thymine into DNA and abnormal DNA methylation leads to
aberrant gene expression and is known to occur in several
types of cancer [83]. However, neither adjustment for fiber,
folate or other B-vitamins, vitamin E or protein attenuated
the estimates materially, suggesting that other factors in
legumes may explain the inverse associations. Some
legumes are good sources of calcium which may reduce the
risk of colorectal cancer by binding secondary bile acids
[84] and by influencing intracellular signal pathways lead-
ing to reduced colonic cell proliferation and increased
apoptosis [85]. Legumes are good sources of isoflavones,
such as daidzein and genistein, which may have cancer-
preventive properties. These may compete with estrogens
by binding to the estrogen receptor and thereby reduce
cancer risk [86]. In addition, genistein has been found to be
a tyrosine kinase inhibitor [86] and phyto-estrogens may
influence the activity of enzymes that are involved in the
cell cycle, differentiation, proliferation, and apoptosis [87].
Phyto-estrogens may also have antioxidant effects and may
increase the activity of antioxidant enzymes [87]. Soyfoods
have a particularly high phyto-estrogen content, but other
legumes may also contribute significantly to phytoestrogen
intake [87]. The legume intake in the Uruguayan popula-
tion, however, consists mostly of legumes other than soy.
Legume intake was more strongly associated with pro-
tection against digestive system cancers than breast, lung,
and prostate cancers. It is possible that this is because the
organs of the digestive system are in direct contact with the
potential cancer preventive constituents of legumes and
thus may to a larger extent be influenced by diet. Of note, is
also that by and large the cancers for which legumes seem
to exert a protective effect are those that also are linked to
fruit and vegetable intake [33]. Although we cannot com-
pletely exclude potential residual confounding by fruit and
vegetable intake, the correlations with fruit and vegetables
(and most other food groups) were low (tho = 0.13) and in
addition, one would expect a stronger effect of legume
intake among those with a high fruit and vegetable intake,
which is the opposite of what we observed in the stratified
analysis (although the test for interaction was not
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significant). On the other hand if common mechanisms exist
for the two food groups, one might expect some type of
compensatory effect, which is supported by the results in
the stratified analysis. The results were in general similar for
beans and lentils for most, but not all cancer sites. For
example, intake of beans was associated with a significantly
decreased risk of stomach and bladder cancer, but lentils
were not associated, while for kidney cancer lentils, but not
beans, were associated with decreased risk. We are not
aware of any biologic mechanism that could explain these
differences and speculate that they may be due to chance
and/or the multiple comparisons that was undertaken. The
results in our study are stronger than those reported from
several [23-26, 39, 46, 47,72, 73, 75], but not all studies [4,
5,7, 10, 11, 13, 15-17, 52, 66]. The absolute intake of
legumes in our study is not particularly high compared with
other studies [10-13, 15, 25, 65], thus the amount of legume
intake in this population does not seem to be an explanation
for the possibly stronger results in our study. It is also
possible that differences in the types of legumes consumed
may explain the stronger results we found or that they may
reflect a specific local dietary pattern.

In addition to the direct cancer preventive effects of
legume intake, indirect effects may be at work as well.
Higher intake of legumes may replace other sources of
protein in the diet such as meat, which has been shown to
be a rather strong risk factor for several cancers in the
Uruguayan population [88]. Although, we did adjust for the
intake of meat and other foods we cannot exclude the
possibility of residual confounding. However, the correla-
tions between legume intake and other food groups were
low (range: 0.03-0.13), thus this seems less likely. Further,
the stratified analysis showed a protective effect of high
legume intake in most strata of age, sex, fruit and vegetable
intake, meat intake, smoking status, and alcohol intake
(Table 3), suggesting an independent protective effect of
high legume intake upon cancer risk.

Our study has several potential limitations; as with any
case—control study we cannot rule out the possibility of
recall bias or selection bias. The participation rates were
very high, thus minimizing the potential for selective par-
ticipation according to lifestyle practices. Recall bias is a
potential problem in case—control studies because of the
retrospective assessment of diet. The participants in this
study were generally of low socioeconomic status, with
minimal knowledge about the role of diet in affecting
cancer risk and there has been little focus on legume intake
as a risk factor for cancer in the media, which should make
recall bias less likely. Nevertheless, we cannot exclude the
possibility that recall bias could explain some of our
findings. We cannot exclude the possibility of residual
confounding by unknown or unmeasured factors. Further,
we were not able to adjust for physical activity which is an
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important risk factor for several cancer sites. However, we
found that adjustment for most other food groups did not
substantially influence the association between legume
intake and cancer risk, and further adjustment for coffee,
tea, and potentially mediating nutrients did not materially
alter the results. Nevertheless, other unmeasured variables
could still confound some of our findings. Since we
investigated legume intake and multiple cancers, some of
our findings may have been due to chance.

Our study also has some strengths. To our knowledge this
is the first publication on legume intake in relation to a range
of cancers. A suggestion of an inverse dose-response rela-
tionship between legume intake and the risk of several can-
cers were noted in this study and in addition, stronger risk
reductions were observed when we utilized more extreme
cut-points for categorizing legume intake, suggesting an
underlying biological effect of legume intake on cancer risk.
We adjusted for a number of important confounders,
although we did not have information on all confounding
factors for every cancer site. All the cases in this study were
microscopically confirmed and in addition the response rate
was very high among both cases and controls. Our finding of
a protective effect of legumes on cancer risk is important
both because legumes may provide direct protection against
cancer and because they could provide a nutritious alterna-
tive to the typically high meat diet in the Uruguayan popu-
lation. Further, the level of legume intake that was found to
be protective in this study is not particularly high and is easily
achievable in most populations by including two small por-
tions or approximately 100 g of legumes per week. If con-
firmed by further prospective investigations, such dietary
advice could have important public health implications.

In conclusion, our results suggest an inverse association
between high intake of legumes and risk of cancers of the
upper aerodigestive tract, stomach, colorectum, and kid-
ney, but not lung, breast, prostate, or bladder cancers.
Further investigations of these associations in prospective
cohort studies are warranted.
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