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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
arich 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
CVD mortality 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 had multiple 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 x 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 calculated Q test (significance level
of P < 0.10) and the I” 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

BioMed Research International

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 disease mortality. The pooled adjusted RR was
0.96 (0.86-1.06; Figure 2), and moderate heterogeneity was
found among studies (I* = 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 (I* = 43%; Pyeterogeneity = 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



BioMed Research International

"3SBASIP JR[NOSLAOIPIED ((JAD) dIreuuonsanb Aouanbaiy pooy 101 Xopuy sSej Apog NG ey 3 D[eur ;A
«Apnig 11040D) 2anjeIOqR[[0)) Uede( DDV ‘UONINNN pue J0ue)) ojur uonesnsaau] aa1dadsord ueadong DI ‘paseq-19jua)) yifeay d1qng uede( QHJ[ SMI[PUW $332qeIp ;A APMIS YI[BIH SUIWOAN BMOT ‘SHMI

soyeur a[qe3asoa

pue 3y sajaqerp jo £103s1y ‘uorsuayradLy Jo
AI0ISTY “23eIUT BN “O¥IUT SPIOe A))B] ¢-U “OxeIur
VS ‘O¥eIUT [019)S[OTD ‘SSA1)$ [RIUdW paATadIad
cuotjeonpa ‘doays jo simoy] ‘Gunyrem jo sioy
ejur joyoo[e ‘snyejs Junjowss TG XS 93y
aeyur £A310u0 ‘W (T ‘uorsuradAy Kyianoe
reo1sdyd ‘TINg ‘snyess Sunjours ‘uoneonpa 98y
aejur £310u0 ‘wonedTpOW

9100 [)[eaM I2dUeD JO AI10)STY Arurey

“£yanoe (eorsAyd reuonjednooo oinssaid poopq
o110384s TN ‘Toyoore 9osn winido ‘Sunjowus
Kousprsar ‘snyejs [earrews KIOIUYIR X9s 9y
onjex pidi pajeinjes :pajernjesunouow ‘spidiy
pajernjesunijod ‘spidi] pajernjesunouour
‘sprdi] pajeinjes ‘sage1aAaq djoyod[euou
‘s309Ms ‘332 YsIJ “yeat ‘s[eaIad ‘Spooy

Airep ‘synu pue 3y ‘sapqezadoa ‘ssojejod
©ainssaxd poojq [er12)1e pue snyejs Suryows
‘uonydunsuod [0YOd[Y "SI[qeLIEA SNONUTIUO0D

se pa1ojua aejur £31ous pue Surooyds

Jo s1eaf Kyranoe [eorsAyd uStoy TN 98y
uawom 10§ snjeys fesnedoust AS1ous

pue j[es ‘Ysy ‘sa[qe3aSoa ‘symij jo axeur L1ejarp
‘5310ds ‘[9A9] UOIFEONPI “BIUWIB[0ISA[OYdIdAY
J10J 2SN UOTJBIIPAU ‘(] 1O UoTSua)radAy
£10381Y ‘TN “osn [oyooe ‘Sunjows xas 9y
I20U®d

£10ys1y A[Turey ‘uonjeonpa osn juawd[ddns

7 UTUIR)IA 2SN UTWRIA [N OSN SUOULIOY
[esnedousunsod 9ej pajernjes ‘uorsualadAy

JO A10381Y ‘TN [oA9] A31a1300 “Gunjows qoyoo[e
QUIUOTY}oUI ATeJITP [0I)SI[0YD AIeIDTP

T2qY [10) JBJ-SURI) ‘Y] PjeINjesunouour

ey pajernjesunijod 4£31ous [e10) 93y

Ayreyrowr
[er03/A31[R3I0W QAD

Aerowr GAD

Aymeyzowr
[er03/A31[R3I0W QAD

Arreyow qHD

Ayreyowr gAD

Ayreyrowr
[e303/A)Te30W QHO

011

0dd

0di

041

041

041

LTl

9°01

11

01

el

<l

S8¥°6S/€¥TT

109°€T/S6¢

€OV Ty/16TC

676€T/9€9

OV 0P /<L

LI0°6T/6€L

d pue

d pue

J pue

d pue

q pue

6L-0%

£9-ST

G8-9¢

98-0¢

65-0%

69-99

(uede() DOV  (6007) Te 3 eImdeN

(ueadoiny)

“T@ 39 IJIIST
N1dd (ZT107) T8 32 TSI
(ueay)
Apmig 11040)D)
Ue)SI[0D) YT,

(£107) 'Te 39 praTeq

(ueadoiny)

‘Te 19 SIJL
Ndd (2102) TR 10 SIIIA

(uede() DHA( (£007) Te 12 oqmoY]

(VSN) SHMI (S007) e 32 uawa[y]

S9JBLIBAOD JOJ JUSUISN(PY

wodomnQO

JUSWISSISSE
amsodxg

(s1eak)
dn-morjoy
BN

(syuedonred)
[onuoo jo
JoqUINU/SISED
JO IoqUUNN

pelN

(s1eak) 28y

S[rejap 31040d 1eaf
Anuno) qoyne 181y :Apnig

"STSATRUR-BJOW STU} UT PapN[oUT A}1[e3I0W JO YSLI pue uondwnsuod awmnga] Jo SaIpnis [BUOTJEAIISQO JO SOTISLId)ORIRYY) ;] HIEV],



BioMed Research International

)
S Records identified through Additional records identified
§ database searching through other sources
= (n =1,130) (n=0)
S
S
| S
. Records after duplicates removed
(n = 1,120)
2
3
~
3
Records screened Records excluded
(n = 1,120) (n = 1,109)
|
)
) Full-text articles excluded (n = 5)
Full-text articles assessed )
N for eligibility Uninterested outcomes (4)
§ (n=11) Reviews and meta-analyses (1)
=
m
Studies included in
qualitative synthesis
— (n=16)
=
D
E
E Studies included in
= quantitative synthesis
(meta-analysis)
(n=26)
| S
FIGURE 1: Flowchart of literature search and study selection.
. . . Risk ratio Risk ratio
Study or subgroup log[risk ratio] SE Weight IV, random, 95% CI IV, random, 95% CI
Dilis et al. (2012) 0.0677 0.094 19.1% 1.07 [0.89, 1.29] —t
Farvid et al. (2017) 0.1222 0.1453 10.5% 1.13 [0.85, 1.50] —_—
Kelemen et al. (2005) —0.1863 0.1247 13.2% 0.83 [0.65, 1.06] —_—
Kokubo et al. (2007) 0.2624 0.2108 5.7% 1.30 [0.86, 1.97]
Misirli et al. (2012) ~0.1278 0.0748 24.4% 0.88 [0.76, 1.02] —
Nagura et al. (2009) -0.1054 0.0665 27.1% 0.90 [0.79, 1.03] —
Total (95% CI) 100.0% 0.96 [0.86, 1.06] ?
Heterogeneity: 7 = 0.01; y* = 8.07, df = 5 (P = 0.15); I* = 38% - - - - -
0.5 0.7 1 1.5 2

Test for overall effect: Z = 0.81 (P = 0.42)

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



BioMed Research International 5
TABLE 2: Stratified analyses of mortality associated with legume consumption.
Group Number of studies RR (95% CI) P (heterogeneity) I* (%)
Total 6 0.96 [0.86,1.06] 0.42 38
Geographic area
North America 0.83 [0.65,1.06] / /
Asia 3 1.03 [0.83,1.29] 0.76 53
Europe 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 1.03 [0.83,1.29] 0.76 53
Sex
Men 2 0.91[0.77,1.07] 0.25 0
Women 0.72 [0.50, 1.05] /
Study or subgroup log|risk ratio] SE Weight v, raﬁijgnf%g% I v, raﬁglgr:igg% I
Farvid et al. (2017) ~0.0726 0.0963 10.3% 0.93 [0.77, 1.12] RN E—
Kelemen et al. (2005) —-0.0101 0.0718 16.3% 0.99 [0.86, 1.14] —_—
Nagura et al. (2009) —0.0408 0.0273 43.2% 0.96 [0.91, 1.01] —
Sluik et al. (2013) —0.1508 0.0433 30.3% 0.86 [0.79, 0.94] —_—]
Total (95% CI) 100.0% 0.93 [0.87, 0.99] <o
e 72— 2= — — .72 0 T T T 1
Heterogeneity: 7° = 0.00; x° = 5.30,df = 3 (P = 0.15); I* = 43% 07 0.85 1 12 L5

Test for overall effect: Z = 2.14 (P = 0.03)

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 consumption may 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-cause mortality remains inclusive and warrants
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-cause mortality remains inclusive and warrants
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.
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