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ABSTRACT

Background & aims. Limited prospective studies have examined the sso0
between legumes consumption and mortality, whessagce, if at all, previous
studies have evaluated such associations takirgg dohsideration specific grain
legumes. We aimed to investigate the associatibmdas total legumes consumption
and grain legumes species (dry beans, chickpeaslsjeand fresh peas) with all-
cause, cardiovascular disease (CVD), cancer ared-oduse mortality among elderly
Mediterranean individuals at high CVD risk.

Methods. We prospectively assessed 7,216 participants fleenRREvencion con
Dleta MEDiterranea study. Dietary intake was assss baseline and yearly during
follow-up by using a validated food frequency questaire.

Results: During a median follow-up of 6.0 years, 425 tatahths, 103 CVD deaths,
169 cancer deaths and 153 due to other-causessdsaturred. Hazard ratios (HRS)
[95% confidence interval (Cl)] of CVD mortality weerl.52 (1.02-2.89)R-trend=
0.034) and 2.23 (1.32-3.78p-¢rend= 0.002) for the "Btertile of total legumes and
dry beans consumption, respectively, compared thi¢hT" tertile. When comparing
extreme tertiles, higher total legumes and lerddasumption was associated with
49% (HR: 0.51; 95% CI: 0.31-0.8#-trend= 0.009) and 37% (HR: 0.63; 95% CI:
0.40-0.98;P-trend= 0.049) lower risk of cancer mortality. Semiassociations were
observed for CVD death in males and for cancerhdematnales, obese and diabetic
participants.

Conclusions: These findings support the benefits of legumeswemption for cancer
mortality prevention which may be counterbalancedtheir higher risk for CVD
mortality.

Keywords. Legumes; Cardiovascular; Cancer; Mortality; PREDIME
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INTRODUCTION

Cardiovascular diseases (CVDs) and cancer remarnofwhe most common causes
of death and in 2012 accounted for 17.5 and 8.Jiomildeaths worldwide,
respectively (1, 2). Lifestyle factors, mainly smuak physical inactivity, unhealthy
diet and excessive alcohol consumption, may adiersgact both conditions (3, 4).
It has also been suggested that several deaths @ébs (5) and one third of all
cancer deaths (6) could be avoided through apm@tprdietary modification.
Recently, the PREDIMED trial highlighted the imp@orte of the Mediterranean diet
(MedDiet) in the primary prevention of major CVDesis (7). In addition, findings
from the European Prospective Investigation inted@a and Nutrition (EPIC) study
showed that during a median follow-up of 8.7 yeasgreater adherence to the
MedDiet was associated with a lower overall carrcgl (8). Several reports have
suggested that key MedDiet components are assdomth reduced CVD (7) and
cancer risk (9, 10). Legumes, a key food of the Met] has been proposed as one of
the dietary factors that may offer protection agai@VvD (11, 12) and cancer of the
oral cavity and pharynx, esophagus, larynx, stomachorectum, kidney, upper
aerodigestive tract (13), prostate (14) and brEESL Legumes may protect against
CVD and cancer through various mechanisms. Leguaresich in dietary fiber and
are good sources of polyunsaturated fatty acidgmin E, pyridoxine, folate,
selenium, flavonoids and lignans with potential C@Bd cancer preventive effects
(16, 17). However studies evaluating the associatiblegumes consumption with
CVD and cancer mortality are sparse. In this cantiwe EPIC study (18) evaluating
the association between total legumes (includingpesans) and the risk of all-cause
and cause-specific mortality among 10,449 partidipavith self-reported diabetes,

found that increased consumption of legumes wasissxiciated with the relative risk
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of death from CVD or cancer, but with reduced élall-cause mortality. Similarly,
the Prospective Urban Rural Epidemiology [PUREHsgtabserved that legume (non-
soy) consumption was inversely associated with @¥iD and total mortality (19).
On the other hand, in the Melbourne Collaborativh@t Study, those participants
consuming legumes two or more times per week hagraficantly reduced risk of
CVD mortality as compared to those who never agerges (20). However, in these
studies, the assessment of legumes consumptiotimitesd to a certain point of time
(at baseline) which may have led to random measemerarror caused by within-
person variation and dietary changes during foligy(21). Furthermore, in the above
studies, the effect of different grain legumes wasanalysed separately.

No prospective study has as yet assessed the a@ssodbetween consumption of
different non-soy grain legumes species with miytalTaking the above into
account, the present study used yearly repeatedurezaents of dietary information
to examine the possible associations of total leggioonsumption and different grain
legumes (dry beans, chickpeas, lentils, and fresds)with all-cause, CVD, cancer
and other-cause mortality among elderly Mediteraanadividuals at high CVD risk.
MATERIALSAND METHODS

Study design and participants

For the present study, data from the PREDIMED {{i@RCTN35739639) has been
analyzed as an observational prospective cohodystlihe design of this trial has
been described in detail elsewhere (7, 22). Infbftem 2003 until 2009 the study
recruited 7,447 men (aged 55-80 years) and wonged(60-80 years) without CVD
at enrolment but who were at high CVD risk. Papieits were eligible if they had
either type 2 diabetes or at least three of thdowahg CVD risk factors:

hypercholesterolemia, low high-density lipoprotemerweight/obesity, hypertension,
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current smoking or family history of premature awaoy heart disease. Exclusion
criteria were: alcohol or drug addiction, severeoait illness, body mass index
(BMI) > 40kg/nf and allergy or intolerance to olive oil or nuts.riRépants were

allocated to a MedDiet supplemented with extraiirglive oil; a MedDiet

supplemented with mixed nuts, or a control dietststing of advice to reduce the
consumption of all sources of fat according to Aicaar Heart Association. The
analyses for the current study were based on aneéet observational follow-up
until 30 June 2012 as described below. The Ingiitat Review Boards of the
recruitment centers approved the study protocal, participants provided written

informed consent.
Dietary assessment

Dietary intake was assessed with the use of aatalid137-item semi-quantitative
food frequency questionnaire (FFQ) at baselineysadly during the follow-up (23).
Reproducibility and validity of the FFQ for legumesstimated by the Pearson
correlation coefficient and the intraclass corielatcoefficient (ICC) were 0.47 (ICC
0.63), and 0.29 (ICC 0.40), respectively (23). tnfation on consumption of legumes
was derived from the FFQ using four items [lenfiens culinaris), chickpeas (Cicer
arietinum), dry beans (Phaseolus vulgaris) andhfresas (Cajanus cajan)]. The
consumption frequency was measured in nine caegdranging from never or
almost never to >6 servings/day) for each food it€he responses were transformed
to grams per day during the follow-up by multipkyithe portion sizes (grams) by the
consumption frequency and making the correspondiivision for the assessed
period. Energy and nutrient intake were estimatsicigi Spanish food composition

tables (24).

Assessment of covariates
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At baseline and yearly during the follow-up, papants completed a 47-item
guestionnaire related to lifestyle variables, etiocal level, smoking status, medical
history and medication use. A validated Spanistsigar of the Minnesota Leisure
Time Physical Activity Questionnaire was administeto evaluate physical activity
(25). To assess the degree of adherence to the ied® 14-item validated
questionnaire was filled in for each participar)(An order to control for the overall
dietary pattern, we used this MedDiet questionnsa@e but removing the variable
related to legume consumption for the main analyierefore, a 13-point score was
used as a covariate in the models. Participant® wensidered to have type 2
diabetes, hypercholesterolemia or hypertensioney thad previously been diagnosed
as such conditions and/or if they were being tkatgh antihypertensive medication,
antidiabetic agents or statins. Anthropometric blodbd pressure measurements were
undertaken by trained personnel. We used a vatidaseillometer (Omron HEM-
705CP, Hoofddorp, the Netherlands) to measure bbwesdsure, three times with a 5-
minute interval between each reading, and the roééme three values was recorded.
Weight and height were measured with participantéight clothing and no shoes
using calibrated scales and a wall-mounted stadermBody mass index (BMI) was

calculated as weight divided by height squaredniy/
Primary endpoints

For the present study, we used the following 4edéht endpoints: 1) all-cause death
2) CVD death 3) cancer death, and 4) death froraratauses. The following sources
were used to ascertain death: 1) yearly repeatestignnaires and examinations to all
participants, 2) contacts with general practitien@ho were performing routine care
of participants, 3) yearly consultation of the Naal Death Index, and 4) a

comprehensive yearly review of medical recordsligbaticipants by physicians who
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were “blinded” with respect to the treatment alkima and dietary information. The
Event Adjudication Committee, who was unaware @f itiformation regarding diet,
examined all medical records related to the aforgimeed endpoints. Only those
endpoints that were recorded between 1 October 20@B 30 June 2012 were

included in the present analysis.
Statistical analyses

Participants who had extremes daily energy inta&®Q or >3500kcal/d for women
and <800 or > 4000kcal/d for men) or missing infation on the FFQ at baseline or
without follow-up information were excluded frometipresent analysis. To minimize
the random measurement error caused by within-peksoiation and to better
represent the long-term legumes consumption (2&)uged the cumulative average
from baseline to the last FFQ before death. Pperdis were categorized into tertiles
of intake of total legumes, lentils, chickpeas, 8Bans and fresh peas adjusted for
energy intake using the residual method (27). Basetharacteristics according to
tertiles of total legumes and its different subty@ee presented as means = SD for
guantitative variables, and percentages (%) andoeuwsn(n) for categorical variables.
One-way analysis of variance (ANOVA) and Chi-squaasts were used to assess
differences in baseline characteristics according tertiles of energy-adjusted

cumulative average consumption of total legumesitsndifferent subtypes.

Person time of follow-up was calculated as theruatebetween the randomization
date and death from any cause, or date of thedsdtict visit, whichever came first.
Time-dependent Cox regression models were useslsegsa the associations between
total legumes, lentils, chickpeas, dry beans aeshfipeas intake and death from any
cause during the follow-up. Hazard ratios (HRs) #m&r 95% confidence intervals

(Cls) were estimated by using the lowest tertil¢hasreference category.
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Multivariable model 1 for total legumes, lentildiickpeas, dry beans and fresh peas
was adjusted for sex, age (continuous) and intéimergroup. Model 2 was further
adjusted for prevalence of diabetes, prevalent¢gpértension, hypercholesterolemia,
baseline BMI (kg/rf), smoking status, educational level, physicalvitgtiuse of
antihypertensive medication, use of antidiabetiends) use of statins and cumulative
average of alcohol intake in grams per day. Mod&a3 additionally adjusted for
cumulative average of the 13-point screener of MetlBdherence. All models were
stratified by the recruitment center. To appraibe linear trend, the median
consumption within each tertile was included in Bex regression models as a

continuous variable.

Further, we conducted stratified analyses to ingast whether the observed
association between total legumes and risk of CV@rtatity and cancer mortality
was modified by sex, age group (<67 yss>67 yrs), BMI (<30 or >30kg/f and
type 2 diabetes status. The tests for interactiereyperformed by means of likelihood
ratio tests, which involved comparing models wittd avithout cross product terms
between the baseline stratifying variable andlésrtof total legume consumption as

an ordinal variable.

We conducted subsequent multivariable analysesdamime the HRs of substituting
half a serving/day of total legumes (30g in raw)Htalf a serving/day of animal food
sources, such as total meat (75g), fish (759) aygs €30g) for CVD and cancer
mortality. These dietary variables were includect@stinuous variables in the same
Cox regression model, adjusted for the covariasted in model 3 andsing a 13-

item MedDiet score for the eggs replacement, 1#-iteledDiet score for fish

substitution and 11-item MedDiet score for medtjlevadditional adjustments were

performed for cumulative average of energy intakke differences in theif-
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coefficients, variance and covariance were usexliculate thg-coefficient + SE for
the substitution effect, and the HRs and 95% Clewealculated from these

parameters.

To test the robustness of our results, we condusgeditivity analysis adjusting for
cumulative quintiles of consumption of individuaod groups, including red meat,
processed meat, fish, cereals, vegetables, fmutts, olive oil and dairy products,

instead of the modified MedDiet score.

Data were analyzed using the commercially availsd#ware program Stata 14

(StataCorp) and statistical significance was sat2tailedP-value <0.05.
RESULTS

In the present study, analyses were carried out2t6 participants after excluding
153 participants who were outside the limits fdat@nergy intake at baseline and 78
participants with missing baseline dietary inforimat Of the 7,216 participants who
were followed for a median of 6 years, 425 died tl0e to CVD, 169 due to cancer,
and 153 due to other causes. Baseline charaatsristithe participants according to
cumulative energy-adjusted tertiles of total leganoensumption are presented in
Table 1. As compared with participants in the lowest tertf total legumes intake,
those in the highest tertile were more likely todbder P-value <0.001) and females
(P-value = 0.003), to have secondary educat®wglue <0.001), a higher BMP¢
value = 0.039) and a higher prevalence of hypesedtetolemia F-value <0.001).
They also had a higher fiber consumptiévéalue <0.001) whereas a lower alcohol
intake P-value <0.001). Baseline characteristics accordmgertiles of different

types of legume intake are showrSupplemental Table 1.
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During follow-up, the median cumulative averagestonption was 20.0 g/d for total
legumes, 6.7 g/day for lentils, 5.2 g/day for clpie&s, 4.7 g/day for dry beans and 2.7

g/day for fresh peag @ble 2).

In the cumulative analysis, using yearly repeatesurements of diet, we did not
find significant associations between total and cdjme subtypes of legumes
consumption and all-cause mortality in the fullyestied models R-trend >0.05)

(Table 3).

In Table 4, the HRs for CVD, cancer and other-cause mortaldggording to tertiles
of consumption of total legumes and its subtypes paesented. For the fully adjusted
model, HRs (95% CI) of CVD mortality and other-causortality was 1.72 (1.02-
2.89) and 1.50 (0.99-2.27), respectively, for th@ tertile of total legumes
consumption compared with the tertile (P-trend= 0.034 andP-trend= 0.045,
respectively). Compared with those in tH&tdrtile, participants in the Btertile of
total legumes consumption had a HR of cancer mtyrtafl 0.51 (95% CI: 0.31-0.84;
P-trend= 0.009). Regarding grain legume specieswuapson, compared with those
in the f'tertile, participants in the highest tertile of tig$:consumption had a HR of
cancer mortality of 0.63 (95% CI: 0.40-0.¥8frend= 0.049), whereas with respect to
dry beans consumption, participants in the higtexsite had a HR of CVD mortality

of 2.23 (95% CI: 1.32-3.7&-trend= 0.002).
Stratified analysis

No statistically significant interactions were oh&s between legumes consumption
and CVD or cancer mortality by sex, age (categbniaiable), BMI (categorical
variable) and type 2 diabetes statBs 0.05). However, when results were stratified

by sex, BMI and type 2 diabetes status the assowidietween total legumes



274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

2901

292

293

294

295

296

297

consumption and CVD mortality appeared strongenates (HR: 2.33; 95% CI: 1.13-
4.78;P-trend= 0.020) than in females (HR: 1.17; 95% C%102.70;P-trend= 0.794)
(Figure 1). As concerns the association betweeal tegumes consumption and
cancer mortality stratified by the aforementioneatiables, the results were only
significant in males (HR: 0.52; 95% CI: 0.27-0.99%trend= 0.043), in diabetic
subjects (HR: 0.51; 95% CI: 0.27-0.93trend= 0.032) and in obese (HR: 0.38; 95%

Cl: 0.17-0.84P-trend= 0.013 (Figure 2).
Substitution analysis

Replacing half a serving/day of animal food sounséis half a serving/day of total
legumes was not significantly associated with C\l @ancer mortality risk (P>

0.05).
Sensitivity Analysis

When we adjusted for individual food groups insteddthe MedDiet score, the
statistical significance persisted in the caseotdltlegumes and CVD mortality (HR:
1.96; 95% CI: 1.15-3.3@-trend= 0.011) as well as between total legumescander
mortality (HR: 0.50; 95% CI: 0.30-0.82P-trend= 0.007). Regarding dry beans
consumption, its association with CVD mortality wagnificant (HR: 2.47; 95% CI:
1.44-4.25P-trend= 0.001), while lentils consumption had a éfRancer mortality of
0.62 (95% CI: 0.39-0.97) but thetrend did not reach the significant levetfend=

0.051).

DISCUSSION
Higher consumption of non-soy legumes and grainreg species were hypothesized
to decrease mortality, especially from cancer amMDCIn the present prospective

study including a large sample of older adults ahhrisk of CVD, higher
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consumption of total legumes and lentils was asgediwith 49% and 37% respective
lower risk of cancer mortality. To the best of &mowledge, no previous prospective
study has revealed a protective role of legumeswoption against cancer mortality
(18) or any specific type of cancer mortality (28).the aforementioned studies,
measurement error in the dietary assessment methuad® changes in dietary habits
during follow-up may have resulted in the misclasation of individual intake and
could have led to underestimation of the associabetween legumes intake and
protection from cancer mortality. To overcome timsitation, we treated legumes as
cumulative average intake (21).

Previous studies have observed inverse associabetreeen legumes consumption
and the risk of different cancers (13-15). The @ctive effect of total legumes and
lentils consumption on cancer mortality risk canebglained by various potential
mechanisms among which the most important seentsettheir high polyphenol
content (29), predominantly phenolic acids anddtaids; the latter being at higher
concentrations in cooked lentils compared to ottemwked legumes (30). Potential
anticancer mechanisms for phenolic acids and flaxsn are inhibition of cell
proliferation, inflammation, oxidative stress, isu@n, metastasis, and activation of
apoptosis (31). Furthermore, legumes are good sswftdietary fiber, vitamin E and
B, selenium, and lignans, all dietary component$ wecognized anti-cancer actions
(17). However, in the current study the inverseoeisgion between legumes and
cancer mortality that we found, reached the sigarft level only in males, diabetics
and obese, suggesting that consumption of legusmemare beneficial for these
groups of participants, compared to females, nabetics and non-obese. We
considered the possibility that these groups madferdiin terms of legumes

consumption. However, the consumption of legumesndit differ greatly between
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them.Obesity and type 2 diabetes are associated witkased risk of many forms of
cancer (32, 33) and inversely related to legumeswoption (34). Therefore, we can
assume that these participants may have shownlaatabreases in the risk of cancer
mortality with higher intake of legumes because liigher cacostatic load of these
conditions at baseline, and, therefore a potemi@eased sensitivity to detect any
favorable effect of legumes intake. With regardséx, since the cancer cases were
substantially lower among females compared to males possible explanation for
this finding may be the lack of statistical powerdetect any significant associations
in females.

On the other hand, the intake of total legumes @gwain legume species was not
associated with all-cause mortality. To date, thmeious prospective studies (18-19,
35) have shown a significant inverse associatiamden consumption of legumes
and all-cause mortality. In the EPIC study (18)jrammrement in legumes consumption
by 20 g/day was associated with a 7% significast reduction of all-cause mortality.
A 8% significant risk reduction for every 20g inase in daily legume consumption
has also been reported in the ‘Food Habits in LateEr' study (35). Recently, an
inverse association between at least 1 servingnperth of legumes consumption and
total mortality was observed in the PURE study (I¥jferences in the study design
and populations studied could partly explain theciipancies observed between our
results and those of the aforementioned studies.

Contrary to our hypothesis, higher intakes of tdegumes and dry beans were
associated to a higher risk of CVD mortality. legtiingly, the magnitude of the effect
of dry beans compared to total legumes on CVD rityrtaas higher. It is unclear
why legumes and particularly dry beans are respteador the increased CVD

mortality; with a number of different pathologiqaiocesses are likely to be involved.
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Spontaneous cases of cardiac arrest are reporeded by gastric dilatation and
elevated abdominal pressure, which can be posbilayght either by binge eating
(36), or by the dyspepsia and discomfort assocmaidt cowpeas (37) and dry beans
in general (38). The vagus nerve, also called progasiric nerve, is involved in
varied tasks as lowering the heart rate and cdimgobastrointestinal peristalsis;
whether dry beans consumption predisposes to caadiast acting through this nerve
(stomach-heart axis) in CVD patients is a hypothasi be further tested. To
strengthen the aforementioned possible explandtiorihe unexpected finding, we
analyzed dry beans consumption in relation to saddediac death and found strong
significant associations after adjustment for medifMedDiet score (HR: 3.99; 95%
Cl: 1.35-11.82) and for individual food groups (HR93; 95% CI: 1.67-14.55),
respectively. Residual confounding can drive anofiassible explanation. Usually,
dry beans but not other legumes in Spain, are coeduas a dish made with
processed red meat and lard (fabada), or as alsdeof sausages or other processed
meat. After adjusting the analyses for red and ggsed meat, our results changed
slightly (data not shown) suggesting that the datioo between this type of legume
and CVD mortality may not be mediated by these syplemeat. In the sex-stratified
analysis, the association between legumes andasederisk of CVD mortality
remained significant only in men. The lower CVD easmong women compared to
men could significantly decrease the statisticalgro to detect any notable
associations.

The present study has some limitations. Firstoalgh the FFQ used to assess dietary
intake was validated and the cumulative averaga traseline to the last FFQ before
death was used, misclassification bias cannot beplaiely excluded. Second, given

its observational nature, this study cannot suppausal relationships between
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legumes consumption and mortality. Third, even ¢fiowe adjusted for several
potential confounders, residual confounding carb®tuled out. Finally, participants
were elderly Mediterranean individuals at high CViBk and this may limit the
generalizability of the findings to other age-greu populations.

Conclusions

Our findings demonstrated for the first time thegher consumption of total legumes
and lentils were associated with a decreased fistancer mortality whereas total
legumes and especially dry beans were associatiéd ami increased risk of CVD
mortality, independent of traditional risk factors)y an elderly Mediterranean
population at high CVD risk. From a public healtbrgpective, these contradictory
results may be proved important, and healthcareegsmnals should be aware of the
possible benefits and dangers of legumes and dapsbeonsumption, respectively.
An intriguing question, then, is whether some indlils are more prone to the

effects of consuming legumes (i.e. dry beans), ssiygg the need for future research.
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Table 1. Baseline characteristics of the study fadfmn according to cumulative average tertilegmérgy-adjusted total

legumes consumption*

Total legume, (g/day)
Lentils, g/day
Chickpeas, g/day
Fresh peas, g/day

Dry beans, g/day
Age, years
Women, % (n)
Smoking habit, % (n)
