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Background. Legume consumption is suggested to have protective effects against cardiovascular disease (CVD) mortality in the
general population, but the results have been equivocal. We conducted a meta-analysis of prospective cohort studies to assess
the association between legume consumption and risk of CVD mortality and all-cause mortality. Methods and Results. Medline
(via Ovid) and EMBASE (via Ovid) databases were searched through April 2017 to identify eligible studies. The two authors
independently extracted the data and the adjusted relative risks (RRs) and 95% confidence intervals (CIs) were pooled by using
a random-effects model. A total of 6 studies were identified, including the sizes of participants ranging from 23,601 to 59,485
with a sum of 21,8997. Comparing the highest category with the lowest, the pooled RR (95% CI) was 0.96 (0.86–1.06) for CVD
mortality and 0.93 (0.87–0.99) for all-cause mortality. Conclusions. Results from the current study show that high legume intakes
are associated with lower risk of all-cause mortality. In consideration of the small number of studies, the evidence for assessing
relationship between legumes intake and risk of all-cause mortality remains inclusive and warrants further study in the future.
Further, consuming legumes does not increase the risk of CVD mortality.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death
worldwide, accounting for nearly one-third of all deaths
globally [1, 2]. This constitutes 17% of overall national
health expenditures in the US [2, 3]. To reduce the burden,
the prevention of CVD morbidity and mortality has been
increasingly prioritized in public health [4]. It is well accepted
that healthy diet has beneficial effects on decreasing the
burden of CVD incidence and mortality [5].

Legumes include peas, beans, lentils, and peanuts and are
a rich source of phytosterols and dietary fiber [6, 7]. Previous
dietary trials report that the consumption of vegetable protein
instead of animal protein lowers blood cholesterol levels,
which may lead to lowering the risk of CVD [8]. Many
epidemiologic studies [9–14] have assessed the relationship
between legume intake and all-cause mortality and CVD

mortality and most found a positive association. But the
magnitudes of the association varied between studies.

With accumulating evidence, we conducted a meta-
analysis to assess the association between legume intake and
risk of CVD mortality and all-cause mortality.

2. Methods

2.1. Literature Search. We performed a systematic search
in Medline (via Ovid) and EMBASE (via Ovid) databases
in April 2017 to identify studies regarding the association
between legume intake and risk of CVD mortality and all-
cause mortality. And we updated the literature search of
Medline (via Ovid) and EMBASE (via Ovid) database on
June 2017 to make sure our study results were up-to-date.
We used the following search terms: “Legume”, “vegetable
proteins”, “soy products”, “cardiovascular disease mortality”
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AND “mortality”. References from the relevant review were
examined to identify relevant articles.

2.2. Study Selection. Literatures were included in the meta-
analysis if (1) the study design was a cohort study (i.e.,
not review articles, comments, or conference abstracts); (2)
the exposure was legume intake; (3) the end points were
CVDmortality and all-cause mortality; and (4) risk estimate
and the corresponding 95% confidence intervals (CI) were
reported. A study must meet all the four inclusion criteria
for inclusion. Articles were identified by screening of titles or
(and) abstracts and full-text articles of the screened studies
were later assessed by two authors (X.Q.G and H.L). The
differences in view regarding the selection were resolved by
discussion. If one study hadmultiple publications, we selected
the largest sample of articles [15].

The agreement between the two authors (X.Q.G and H.L)
was 99.4% for the first screening and 100% for the full-text
articles.

2.3. Data Extraction. We extracted the following information
using a standardized extraction form: (1) the author name;
(2) publication year; (3) regions and cohort details; (4)
number, sex, and age of participants and number of cases; (5)
mean length of follow-up; (6) outcome; and (7) confounder
adjustment and RR from multivariable adjustment model
for the highest versus the lowest category of legume intake
with corresponding 95% CI. To get missing data and clarify
unclear data, we contacted the authors and coauthors by
email.

2.4. Statistical Analysis. We used the RR for the highest level
of legume consumption compared with the lowest to assess
the association between legume intake and risk of CVD
mortality and all-cause mortality [16]. In this meta-analysis,
the hazard ratio was considered as a surrogate measure of
RR, and the OR was transformed into RR by the formula
RR = OR/[(1 − Po) + (Po × OR)], where Po is the incidence
of the end point in the control group [17]. Forest plots were
made to visually assess the RR and corresponding 95% CI
across studies [18, 19]. We calculated𝑄 test (significance level
of 𝑃 < 0.10) and the 𝐼2 statistic (ranging from 0% to 100%) to
examine the heterogeneity across studies. The DerSimonian
and Laird inverse-variance-weighted random-effects model
was used to pool the RR [20].

Subgroup analyses were performed to evaluate the poten-
tial effect modification of these variables (i.e., female versus
male) on outcomes. We also conducted sensitivity analysis
by omitting one article at every turn to investigate whether
overall risk estimates would be heavily affected by a single
study [21].

Review Manager software (version 5.3; the Nordic Co-
chrane Centre, Copenhagen, Denmark) was used for the
statistical analyses, which is provided by Cochrane collabo-
ration. A two-sided 𝑃 value of less than 0.05 was considered
statistically significant [15].

3. Results

3.1. Literature Identification and Search. Detailed flowchart of
articles for inclusion is presented in Figure 1. We identified

1130 potential relevant articles from the Medline (via Ovid)
and EMBASE (via Ovid) databases. After removing dupli-
cated articles and review of the titles or (and) abstracts, the
11 articles were selected. The remaining articles were further
checked for eligibility. Finally, a total of 6 studies [9–14] were
eligible for this meta-analysis and the full list of publications
is shown in Table 1.

3.2. Study Characteristics. The characteristics of each cohort
studies are shown in Table 1. The studies were published
between 2005 and 2016.With regard to the study region,most
studies were conducted in Asia countries (𝑛 = 5), and the
others were in European (𝑛 = 1) and North America (𝑛 = 1).
Five studies included participants with both genders and one
study included only males. The length of follow-up ranged
from 10 to 15 years, with an average of 12.0 years. The sizes of
cases ranged from 175 to 3,291, with an average of 1,246. The
sizes of participants ranged from 23,601 to 59,485 with a sum
of 21,8997.

3.3. Legume Consumption with Cardiovascular Disease Mor-
tality. Across 6 studies with data on cardiovascular disease
mortality, the RR from individual studies ranged from 0.83
to 1.30. All of them do not report statistically significant
association between legume consumption and the risk of
cardiovascular diseasemortality.The pooled adjusted RRwas
0.96 (0.86–1.06; Figure 2), and moderate heterogeneity was
found among studies (𝐼2 = 38%; 𝑃heterogeneity = 0.42).

The sensitivity analysis was performed by omitting
one study in each time to show statistically significant or
marginally significant results; the pooled RR varied from
0.93 (95% CI, 0.83–1.04) to 0.99 (95% CI, 0.86–1.13). We
conducted stratified analyses by geographic area, the number
of participates, and sex (Table 2). Egger test and funnel plot
were not conducted for the small number of studies.

3.4. Legume Consumption with All-Cause Mortality. There 4
studies reported association between legume consumption
and the risk of all-cause mortality. The pooled adjusted RR
was 0.93 (0.87–0.99; Figure 3), and moderate heterogeneity
was found among studies (𝐼2 = 43%; 𝑃heterogeneity = 0.03).

The sensitivity analysis also was conducted and the
pooled RR ranged from 0.91 (95% CI, 0.83–1.00) to 0.96
(95% CI, 0.92–1.01). Because of the small number of studies,
subgroup analysis and funnel plot were not performed.

4. Discussion

Epidemiologic studies on the health effects of legume con-
sumption have accelerated recently, our meta-analysis of six-
cohort studies including 21,8997 participates show inverse
associations between legume consumption and all-cause
mortality. We do not find a significant relationship between
legume consumption and cardiovascular disease mortality.
And moderate heterogeneity was found across studies.

This is the first meta-analysis specifically evaluated the
association between legume consumption and cardiovascular
disease mortality and all-cause mortality. There are a lot of
strengths in this meta-analysis. A major advantage of this
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Figure 1: Flowchart of literature search and study selection.

Study or subgroup Risk ratio
IV, random, 95% CI

Total (95% CI)

Heterogeneity: 2 = 0.01; 2 = 8.07, d＠ = 5 (P = 0.15); I2 = 38%

Test for overall e�ect: Z = 0.81 (P = 0.42)

Dilis et al. (2012)
Farvid et al. (2017)
Kelemen et al. (2005)
Kokubo et al. (2007)
Misirli et al. (2012)
Nagura et al. (2009)

log[risk ratio]

0.0677

0.1222

−0.1863

0.2624

−0.1278

−0.1054

SE

0.094

0.1453

0.1247

0.2108

0.0748

0.0665

Weight

100.0%

19.1%
10.5%
13.2%
5.7%
24.4%
27.1%

0.5 0.7 1 1.5 2

1.07 [0.89, 1.29]

Risk ratio
IV, random, 95% CI

0.96 [0.86, 1.06]

1.13 [0.85, 1.50]
0.83 [0.65, 1.06]
1.30 [0.86, 1.97]
0.88 [0.76, 1.02]
0.90 [0.79, 1.03]

Figure 2: Meta-analysis of observational studies on legume consumption and risk of CVD mortality.

meta-analysis is that all included studies were of a prospective
cohort design, which can reduce the likelihood of selection
bias and recall bias [22, 23]. It is difficult to perform a long-
term, randomized controlled trial on legume consumption

and CVD mortality. Moreover, the studies included in our
study had a large sample participants and long-term follow-
up time, which can potentiate the statistical power to evaluate
the relationship [24]. For instance, the length of follow-up
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Table 2: Stratified analyses of mortality associated with legume consumption.

Group Number of studies RR (95% CI) P (heterogeneity) 𝐼2 (%)
Total 6 0.96 [0.86, 1.06] 0.42 38
Geographic area

North America 1 0.83 [0.65, 1.06] / /
Asia 3 1.03 [0.83, 1.29] 0.76 53
Europe 2 0.96 [0.80, 1.16] 0.69 62

Number of participates
<30,000 3 0.93 [0.80, 1.07] 0.31 44
≥30,000 4 1.03 [0.83, 1.29] 0.76 53

Sex
Men 2 0.91 [0.77, 1.07] 0.25 0
Women 1 0.72 [0.50, 1.05] / /

Total (95% CI)

Heterogeneity: 2 = 0.00; 2 = 5.30, d＠ = 3 (P = 0.15); I2 = 43%

Test for overall e�ect: Z = 2.14 (P = 0.03)

Farvid et al. (2017)
Kelemen et al. (2005)
Nagura et al. (2009)
Sluik et al. (2013)

0.7 0.85 1 1.2 1.5

Study or subgroup Risk ratio
IV, random, 95% CI

−0.0726

−0.0101

−0.0408

−0.1508

log[risk ratio]

0.0963

0.0718

0.0273

0.0433

SE

100.0%

10.3%
16.3%
43.2%
30.3%

Weight

0.93 [0.87, 0.99]

0.93 [0.77, 1.12]
0.99 [0.86, 1.14]
0.96 [0.91, 1.01]
0.86 [0.79, 0.94]

Risk ratio
IV, random, 95% CI

Figure 3: Meta-analysis of observational studies on legume consumption and risk of all-cause mortality.

ranged from 10 to 15 years (average of 12.0 years) and the
sizes of participants ranged from 23,601 to 59,485 with a sum
of 21,8997. In addition, sensitivity analyses showed that our
result was not substantially affected by single studies, which
shows our findings were robust.

Some limitations warrant discussion. First of all, our
results were based on observational studies, and the observed
association may be affected by possibility of residual con-
founding [25]. Second because of the small number of
studies, subgroup analysis, funnel plot, and dose-response
analysis were not performed [26]. Third, FFQ used in the
most primary studies had high reproducibility but low-to-
moderate validity for the estimation of the legume intakes
[27, 28]. Consequently, misclassification may be to dent the
association [29].

It has been thought that legume consumptionmay reduce
the risk of CVD mortality.

Legumes are rich in phytosterols, which can reduce serum
total cholesterol and low-density lipoprotein cholesterol and
a significant increase in high density lipoprotein cholesterol
[6, 7, 30]. But whether dietary cholesterol consumption
significantly influences the lipid profile and subsequently is
associated with the risk of CVD and CVD mortality is still
unclear [31].

For all-cause mortality, the result shows inverse associ-
ations between legume consumption and all-cause mortality.
But the sensitivity analysis was conducted and the result is not
stable. In consideration of the small number of studies, the

evidence for assessing relationship between legumes intake
and risk of all-causemortality remains inclusive andwarrants
further study in the future.

5. Conclusion

In conclusion, results from the current study show that high
legume consumption is associated with lower risk of all-cause
mortality. In consideration of the small number of studies, the
evidence for assessing relationship between legumes intake
and risk of all-causemortality remains inclusive andwarrants
further study in the future. And our results do not support
an increase in the risk of CVD mortality in the general
population with legume consumption.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Hua Li and Jinmeng Li contributed equally to this work.

Acknowledgments

The authors acknowledge the Second Affiliated Hospital and
Yuying Children’s Hospital of Wenzhou Medical University
for supporting the work of this study.



6 BioMed Research International

References

[1] N. Townsend, L. Wilson, P. Bhatnagar, K. Wickramasinghe, M.
Rayner, and M. Nichols, “Cardiovascular disease in Europe:
Epidemiological update 2016,” European Heart Journal, vol. 37,
no. 42, pp. 3232–3245, 2016.

[2] G. Mortality and C. O. D. Collaborators, “Global, regional, and
national age-sex specific all-cause and cause-specific mortality
for 240 causes of death, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013,” Lancet, vol. 385, no. 9963,
pp. 117–171, 2015.

[3] P. A. Heidenreich, J. G. Trogdon, O. A. Khavjou et al., “Fore-
casting the future of cardiovascular disease in the United States:
a policy statement from the American Heart Association,”
Circulation, vol. 123, no. 8, pp. 933–944, 2011.

[4] A. D. K. Bowry, J. Lewey, S. B. Dugani, and N. K. Choudhry,
“The Burden of Cardiovascular Disease in Low- and Middle-
Income Countries: Epidemiology and Management,” Canadian
Journal of Cardiology, vol. 31, no. 9, pp. 1151–1159, 2015.

[5] R. R.Wing, J. L. Bahnson, G. A. Bray et al., “Long-term effects of
a lifestyle intervention onweight and cardiovascular risk factors
in individuals with type 2 diabetes mellitus: four-year results of
the look AHEAD trial,” JAMA InternalMedicine, vol. 170, no. 17,
pp. 1566–1575, 2010.

[6] L. Mahan, L. Foster, and J. W. Dahl, Beans, Peas, and Lentils:
Health Benefits, Food Science & Human Nutrition, 2016.

[7] T. P. Trinidad, A. C. Mallillin, A. S. Loyola, R. S. Sagum, and R.
R. Encabo, “The potential health benefits of legumes as a good
source of dietary fibre,” British Journal of Nutrition, vol. 103, no.
4, pp. 569–574, 2010.

[8] J. W. Anderson and H. M. Bush, “Soy Protein Effects on
Serum Lipoproteins: A Quality Assessment and Meta-Analysis
of Randomized, Controlled Studies,” Journal of the American
College of Nutrition, vol. 30, no. 2, pp. 79–91, 2011.

[9] L. E. Kelemen, L. H. Kushi, D. R. Jacobs Jr., and J. R. Cerhan,
“Associations of dietary protein with disease and mortality
in a prospective study of postmenopausal women,” American
Journal of Epidemiology, vol. 161, no. 3, pp. 239–249, 2005.

[10] Y. Kokubo, H. Iso, J. Ishihara, K. Okada, M. Inoue, and S.
Tsugane, “Association of dietary intake of soy, beans, and
isoflavones with risk of cerebral and myocardial infarctions in
Japanese populations: the Japan Public Health Center-Based
(JPHC) Study Cohort I,” Circulation, vol. 116, no. 22, pp. 2553–
2562, 2007.

[11] V. Dilis, M. Katsoulis, P. Lagiou, D. Trichopoulos, A. Naska,
andA. Trichopoulou, “Mediterranean diet andCHD:TheGreek
European Prospective Investigation into Cancer and Nutrition
cohort,” British Journal of Nutrition, vol. 108, no. 4, pp. 699–709,
2012.

[12] M. S. Farvid, A. F. Malekshah, A. Pourshams et al., “Dietary
Protein Sources and All-Cause and Cause-Specific Mortality:
The Golestan Cohort Study in Iran,” American Journal of
Preventive Medicine, vol. 52, no. 2, pp. 237–248, 2017.

[13] G.Misirli, V. Benetou, P. Lagiou, C. Bamia,D. Trichopoulos, and
A. Trichopoulou, “Relation of the traditional mediterranean
diet to cerebrovascular disease in a mediterranean population,”
American Journal of Epidemiology, vol. 176, no. 12, pp. 1185–1192,
2012.

[14] J. Nagura, H. Iso, Y. Watanabe et al., “Fruit, vegetable and
bean intake and mortality from cardiovascular disease among
Japanese men and women: The JACC Study,” British Journal of
Nutrition, vol. 102, no. 2, pp. 285–292, 2009.

[15] J. Wang, Y. Xue, S. Thapa, L. Wang, J. Tang, and K. Ji, “Relation
between age-related macular degeneration and cardiovascular
events and mortality: a systematic review and meta-analysis,”
BioMed Research International, vol. 2016, Article ID 8212063, 10
pages, 2016.

[16] J. Wang, Y. Shen, J. Wang et al., “Relation of phosphodiesterase
type 5 inhibitors andmalignant melanoma: a meta-analysis and
systematic review,” Oncotarget, 2017.

[17] J. Zhang and K. F. Yu, “What’s the relative risk? A method of
correcting the odds ratio in cohort studies of common out-
comes,” Journal of the American Medical Association, vol. 280,
no. 19, pp. 1690-1691, 1998.

[18] P. Wang, J. Wang, J. Ma, G. Jin, and X. Guan, “The Association
between Age-Related Macular Degeneration and the Risk of
Mortality,” BioMed Research International, vol. 2017, pp. 1–7,
2017.

[19] R. DerSimonian and N. Laird, “Meta-analysis in clinical trials
revisited,” Contemporary Clinical Trials, vol. 45, pp. 139–145,
2015.

[20] R. DerSimonian and N. Laird, “Meta-analysis in clinical trials,”
Controlled Clinical Trials, vol. 7, no. 3, pp. 177–188, 1986.

[21] J. Copas and J. Q. Shi, “Meta-analysis, funnel plots and sensitiv-
ity analysis,” Biostatistics, vol. 1, no. 3, pp. 247–262, 2000.

[22] J. J. Heckman, “Sample selection bias as a specification error,”
Econometrica, vol. 47, no. 1, pp. 153–161, 1979.

[23] S. S. Coughlin, “Recall bias in epidemiologic studies,” Journal of
Clinical Epidemiology, vol. 43, no. 1, pp. 87–91, 1990.

[24] J. Westfall, D. A. Kenny, and C. M. Judd, “Statistical power and
optimal design in experiments in which samples of participants
respond to samples of stimuli,” Journal of Experimental Psychol-
ogy: General, vol. 143, no. 5, pp. 2020–2045, 2014.

[25] R. Shinton and G. Beevers, “Meta-analysis of relation between
cigarette smoking and stroke,” British Medical Journal, vol. 298,
no. 6676, pp. 789–794, 1989.

[26] S. Greenland, “Dose-response and trend analysis in epidemiol-
ogy: alternatives to categorical analysis,” Epidemiology, vol. 6,
no. 4, pp. 356–365, 1995.

[27] E. B. Rimm, E. L. Giovannucci, M. J. Stampfer, G. A. Colditz, L.
B. Litin, and W. C. Willett, “Reproducibility and validity of an
expanded self-administered semiquantitative food frequency
questionnaire among male health professionals,” American
Journal of Epidemiology, vol. 135, no. 10, pp. 1114–1126, 1992.

[28] J. D. Fernández-Ballart, J. L. Piñol, I. Zazpe et al., “Relative
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