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To update the European Association for the Study of Diabetes clinical practice guidelines for nutrition therapy, we conducted an umbrella review and
updated systematic review and meta-analysis (SRMA) of prospective cohort studies of the association between dietary pulses with or without other
legumes and cardiometabolic disease outcomes. We searched the PubMed, MEDLINE, EMBASE, and Cochrane databases through March 2019. We
included the most recent SRMAs of prospective cohort studies and new prospective cohort studies published after the census dates of the included
SRMAs assessing the relation between dietary pulses with or without other legumes and incidence and mortality of cardiovascular diseases (CVDs)
[including coronary heart disease (CHD), myocardial infarction (Ml), and stroke], diabetes, hypertension, and/or obesity. Two independent reviewers
extracted data and assessed risk of bias. Risk estimates were pooled using the generic inverse variance method and expressed as risk ratios (RRs)
with 95% Cls. The overall certainty of the evidence was assessed using the GRADE approach. Six SRMAs were identified and updated to include
28 unique prospective cohort studies with the following number of cases for each outcome: CVD incidence, 10,261; CVD mortality, 16,168; CHD
incidence, 7786; CHD mortality, 3331; Ml incidence, 2585; stroke incidence, 8570; stroke mortality, 2384; diabetes incidence, 10,457; hypertension
incidence, 83,284; obesity incidence, 8125. Comparing the highest with the lowest level of intake, dietary pulses with or without other legumes
were associated with significant decreases in CVD (RR: 0.92; 95% ClI: 0.85, 0.99), CHD (RR: 0.90; 95% Cl: 0.83, 0.99), hypertension (RR: 0.91; 95% Cl: 0.86,
0.97), and obesity (RR: 0.87; 95% Cl: 0.81, 0.94) incidence. There was no association with M|, stroke, and diabetes incidence or CVD, CHD, and stroke
mortality. The overall certainty of the evidence was graded as “low"for CVD incidence and “very low"for all other outcomes. Current evidence shows
that dietary pulses with or without other legumes are associated with reduced CVD incidence with low certainty and reduced CHD, hypertension,
and obesity incidence with very low certainty. More research is needed to improve our estimates. This trial was registered at clinicaltrials.gov as
NCT03555734. Adv Nutr 2019;10:5308-5319.
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Introduction plant protein, and various micronutrients and low in fat and
Dietary pulses, the edible dried seeds of legumes (i.e., glycemicindex (GI) (1-3), have been increasingly recognized
chickpeas, lentils, beans, and peas) that are high in fiber, for their benefits in the prevention and management of
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type 2 diabetes and cardiovascular diseases (CVDs) across
various chronic disease guidelines. The American Heart
Association, Canadian Cardiovascular Society, and European
Society for Cardiology encourage dietary patterns that
emphasize intake of legumes (which include dietary pulses,
soybeans, peanuts, fresh peas, and fresh beans) for lowering
LDL cholesterol and blood pressure (4), dietary pulses for
lowering LDL cholesterol (5), and legumes for lowering
LDL cholesterol and improving the overall lipoprotein
profile (6), respectively. Similarly, diabetes guidelines from
Diabetes Canada recommend that individuals with diabetes
consume dietary pulses to help manage glycemic control,
blood pressure, and body weight (7) and the American
Diabetes Association recommend various dietary patterns
that include dietary pulses as acceptable for the management
of diabetes (8). Although the European Association for the
Study of Diabetes (EASD) recommend legumes to help meet
minimum requirements for fiber intake (9), they have not yet
assessed the evidence for the prevention and management of
type 2 diabetes and CVD.
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To update the recommendations for the role of dietary
pulses in the prevention and management of cardiometabolic
diseases, the Diabetes and Nutrition Study Group of the
EASD commissioned a series of systematic reviews and
meta-analyses (SRMAs) using the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
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approach. The present SRMA using the GRADE approach
was conducted to address the question of whether the
available evidence from prospective cohort studies of dietary
pulses with or without other legumes shows advantages for
CVDs and other cardiometabolic disease outcomes.

Methods

We conducted an umbrella review and updated SRMA
(study protocol: NCT03555734) following the methodology
from the Cochrane Handbook for Systematic Reviews and
Interventions (10). Reporting followed the Meta-analysis of
Observational Studies in Epidemiology guideline (11) and
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guideline (www.prisma-statement.org).

Data sources and searches

For the umbrella review, we updated our search from a
previous umbrella review (12) from 9 December, 2016
through to 14 March, 2019 using PubMed (which includes
the MEDLINE and National Library of Medicine databases)
and the following search terms: “pulses” OR “legumes” AND
“meta-analysis.”
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For the updated SRMA, we searched MEDLINE, EM-
BASE, and the Cochrane Library databases for new prospec-
tive cohort studies published after the census dates of the SR-
MAss identified in the umbrella review through March 2019.
The search strategies are presented in Supplemental Tables
1-4. The search was restricted to human studies without
language restrictions. Manual searches of the reference lists
of included studies supplemented electronic searches.

Study selection

For the umbrella review, we included the most recent
SRMAs of prospective cohort studies assessing the relation
between dietary pulses with or without other legumes (if
dietary pulses alone were not reported) and incidence and/or
mortality of cardiometabolic disease outcomes (including
CVDs, diabetes, hypertension, and/or obesity). Multiple
SRMAs that assessed the same outcome were included when
they consisted of different studies.

For the updated SRMA, we included prospective cohort
studies published after the census dates of the SRMAs iden-
tified from the umbrella review. Studies were included if they
were of >1-y follow-up duration and assessed the association
between dietary pulses with or without other legumes (if
dietary pulses alone were not reported) and incidence and/or
mortality of cardiometabolic disease outcomes (including
CVDs, diabetes, hypertension, and/or obesity) in people free
of the disease at baseline.

Data extraction

Two reviewers (EV, AG, SKN, LC, or MS) independently
reviewed the articles and extracted relevant data. The
primary outcome was incidence and/or mortality of CVDs
[including CVD, coronary heart disease (CHD), myocardial
infarction (MI), and stroke] and secondary outcomes in-
cluded incidence and/or mortality of diabetes, hypertension,
and obesity expressed as risk ratios (RRs) with 95% Cls. We
contacted authors for missing data (13-15).

Risk of bias

The Newcastle-Ottawa Scale (NOS) was used to assess
the risk of bias in included studies, where <9 points
were awarded based on cohort selection (<4 points), the
comparability of the cohort (<2 points), and adequacy of
the outcome measures (<3 points) (16). Studies achieving
>6 points were considered low risk of bias. Differences were
reconciled by consensus.

Grading of the evidence

The certainty and strength of the evidence were assessed
using the GRADE approach (17-29). Included observational
studies started at low-certainty evidence by default and then
were downgraded or upgraded based on prespecified criteria.
Criteria to downgrade included study limitations (the weight
of studies showed risk of bias by the NOS), inconsistency
(substantial unexplained interstudy heterogeneity, I* > 50%
and P < 0.10), indirectness (presence of factors relating
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to the population, exposures, and outcomes that limit
generalizability), imprecision [95% Cls were wide or crossed
a minimally important difference of 5% (RR: 0.95-1.05) for
all outcomes], and publication bias (significant evidence of
small-study effects). Criteria to upgrade included a large
size effect (RR >2 or RR <0.5 in the absence of plausible
confounders), a dose-response gradient, and attenuation by
plausible confounding effects.

Statistical analyses

Primary and sensitivity analyses were conducted using
Review Manager version 5.3 (The Cochrane Collaboration).
Subgroup and publication bias analyses were conducted
using STATA software, version 13.0 (StataCorp LLC). In-
dividual cohort comparison RRs from the most adjusted
models were obtained comparing the extreme quantiles.
ORs and HRs were regarded as RRs. When studies used
continuous relative risk per dose, we imputed the extreme
quantile RRs by obtaining dose difference from relevant
data provided by the study in the same or another publi-
cation, or using the most similar study taking into account
location, population, time, and age. To obtain summary
estimates, we In-transformed the RRs and pooled them using
DerSimonian-Laird random-effects models (30). A fixed-
effects model was used when data from <5 studies were
available.

Heterogeneity was assessed (Cochran Q statistic) and
quantified (I* statistic). If I* was >50% and P < 0.10, we
interpreted this as indicating substantial heterogeneity (10,
24). We also investigated possible sources of heterogene-
ity through sensitivity and subgroup analyses. Sensitivity
analyses were performed by systematically removing each
study from the meta-analysis with recalculation of the
summary estimates in order to assess whether any single
study exerted an undue influence on the summary estimates.
If >10 cohort comparisons were available, a priori subgroup
analyses were conducted for sex, follow-up, validation of
dietary assessment methods, NOS, and funding source using
meta-regression analyses. A post hoc subgroup or sensitivity
analysis was performed (depending on whether there were
>10 or <10 cohort comparisons available, respectively) for
each outcome to assess the association in studies reporting
dietary pulses alone as the exposure. A random-effects
linear dose-response was modelled using a generalized least-
square trend for estimation of summarized dose-response
data as per Greenland and Longnecker (31) and Orsini
et al. (32). A 2-stage multivariate random-effects method
was used to model a nonlinear association using restricted
cubic splines with 3 knots (32). If >10 cohort comparisons
were available, we investigated publication bias by visual
inspection of funnel plots and using the Begg (33) and Egger
tests (34).

Results
Supplemental Figure 1 shows the flow of the literature for
the umbrella review. We identified 6 SRMAs: 3 for CVDs

(35-37), 1 for diabetes (38), 1 for hypertension (39), and
1 for obesity outcomes (40). Supplemental Figures 2-5 show
the flow of the literature for the updated search of these
SRMAs. Ten new prospective cohort studies were identified
for CVDs (13-15, 41-47), 2 for diabetes (48, 49), 1 for
hypertension (50), and 0 for obesity outcomes. The total
number of cohort comparisons included from the identified
SRMAs and our updated search were 7 for CVD incidence
(231,353 unique participants and 10,261 cases) (42, 44, 51-
54), 12 for CVD mortality (940,756 unique participants
and 16,186 cases) (13-15, 43-47, 52, 55, 56), 10 for CHD
incidence (306,814 unique participants and 7786 cases) (51,
57-62), 9 for CHD mortality (224,592 unique participants
and 3331 cases) (14, 41, 43, 45, 55, 60, 63, 64), 4 for MI
incidence (202,528 unique participants, 2585 cases) (44, 52,
63), 8 for stroke incidence (342,079 unique participants and
8570 cases) (44, 52, 65-68), 6 for stroke mortality (168,504
unique participants and 2384 cases) (14, 41, 43, 45, 55, 67),
9 for diabetes incidence (259,325 unique participants and
10,457 cases) (48, 53, 69-73), 7 for hypertension incidence
(288,352 unique participants and 83,284 cases) (50, 74-77),
and 1 for obesity/overweight incidence (78).

Study characteristics

Table 1 and Supplemental Tables 5-14 show the character-
istics of the included prospective cohort studies. Participants
were from several geographical areas including Asia, Europe,
the Middle East, North America, and Oceania and tended
to be middle-aged. Based on available data, there were
more female than male participants across all outcomes. The
median follow-up durations ranged from 6 y for diabetes
incidence to 22 y for stroke incidence. Ascertainment of
incident cases was done by medical records across all
outcomes, with the exceptions of diabetes, hypertension, and
obesity incidence, where there were some studies using self-
report (43%, 54%, and 100%, respectively). The percentage of
studies reporting dietary pulses alone as the exposure ranged
from 13% for CHD mortality and diabetes incidence to 100%
for MI incidence. Dietary intake was assessed by some form
of FFQ by the majority of studies. The lowest quantile of
intake from dietary pulses with or without other legumes
ranged from a median of 0 g/d for MI incidence to 16.2 g/d for
obesity incidence. The highest quantile of intake from dietary
pulses with or without other legumes ranged from a median
of 27.8 g/d for CVD mortality to 213 g/d for MI incidence.
All studies were funded by agency alone except for 5 studies
that were funded by both agency and industry (14, 15, 44, 48,
73) and 2 studies where funding sources were unknown (13,
47,49, 54).

Supplemental Tables 15-24 show the statistical adjust-
ments performed in the included studies. All studies adjusted
for the prespecified primary confounding variables (age for
the majority of outcomes) with the exception of 1 study (49).
Fewer than half the studies assessing CVD outcomes (48%)
adjusted for >7 of the 9 secondary confounding variables
for CVD outcomes (sex, family history of CVD, smoking,
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markers of overweight/obesity, diabetes, hypertension, dys-
lipidemia, energy intake, and physical activity). The majority
of the studies assessing diabetes outcomes (88%) adjusted for
>4 of the 6 secondary confounding variables for diabetes
outcomes (sex, family history of diabetes, smoking, markers
of overweight/obesity, energy intake, and physical activity).
The majority of the studies assessing hypertension outcomes
(86%) adjusted for >5 of the 7 secondary confounding
variables for hypertension outcomes (sex, diabetes, smoking,
markers of overweight/obesity, energy intake, sodium intake,
and physical activity).

Risk of bias assessment

Supplemental Table 25 shows the NOS scores for the
included prospective cohort studies. Although several studies
lost points in several domains, there was no evidence of
serious risk of bias across the included studies assessing CVD
outcomes, diabetes, and obesity incidence. For hypertension
incidence, >50% of the weight (68.7%) was contributed by
studies considered to be high risk of bias (NOS <6).

Dietary pulses with or without other legumes and CVD
incidence

Figure 1 and Supplemental Figure 6 show the association
between dietary pulses with or without other legumes and
CVD incidence (7 cohort comparisons, 231,353 unique
participants, and 10,261 cases). We found a protective
association (RR: 0.92; 95% CI: 0.85, 0.99; P = 0.03) with no
evidence of substantial heterogeneity (I* = 19%, P = 0.29)
when we compared the highest and lowest levels of intake.

Dietary pulses with or without other legqumes and CVD
mortality

Figure 1 and Supplemental Figure 7 show the association
between dietary pulses with or without other legumes and
CVD mortality (12 cohort comparisons, 940,756 unique
participants, and 16,168 cases). There was no association
(RR: 0.97; 95% CI: 0.89, 1.06; P = 0.53) with no evidence
of substantial heterogeneity (I> = 47%, P = 0.04) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and CHD
incidence

Figure 1 and Supplemental Figure 8 show the association
between dietary pulses with or without other legumes and
CHD incidence (10 cohort comparisons, 306,814 unique par-
ticipants, and 7786 cases). We found a protective association
(RR: 0.90; 95% CI: 0.83, 0.99; P = 0.03) with no evidence
of substantial heterogeneity (I> = 34%, P = 0.13) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and CHD
mortality

Figure 1 and Supplemental Figure 9 show the association
between dietary pulses with or without other legumes and
CHD mortality (9 cohort comparisons, 224,592 unique

participants, and 3331 cases). There was no association (RR:
0.94; 95% CI: 0.82, 1.08; P = 0.39) with no evidence of
substantial heterogeneity (I> = 48%, P = 0.05) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and Ml
incidence

Figure 1 and Supplemental Figure 10 show the association
between dietary pulses with or without other legumes
and MI incidence (4 cohort comparisons, 202,528 unique
participants, and 2585 cases). There was no association (RR:
0.90; 95% CI: 0.74, 1.10; P = 0.29) with no evidence of
heterogeneity (I> = 0%, P = 0.58) when we compared the
highest and lowest levels of intake.

Dietary pulses with or without other legumes and
stroke incidence

Figure 1 and Supplemental Figure 11 show the association
between dietary pulses with or without other legumes and
stroke incidence (8 cohort comparisons, 342,079 unique
participants, and 8570 cases). There was no association
(RR: 0.98; 95% CI: 0.86, 1.11; P = 0.73) with evidence of
substantial heterogeneity (I*> = 58%, P = 0.02) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and
stroke mortality

Figure 1 and Supplemental Figure 12 show the association
between dietary pulses with or without other legumes and
stroke mortality (6 cohort comparisons, 168,504 unique
participants, and 2384 cases). There was no association (RR:
0.89; 95% CI: 0.78, 1.03; P = 0.12) with no evidence of
substantial heterogeneity (I> = 25%, P = 0.24) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and
diabetes incidence

Figure 1 and Supplemental Figure 13 show the association
between dietary pulses with or without other legumes and
diabetes incidence (9 cohort comparisons, 259,325 unique
participants, and 10,457 cases). There was no association
(RR: 0.93; 95% CI: 0.83, 1.05; P = 0.26) with evidence of
substantial heterogeneity (I> = 70%, P = 0.0008) when we
compared the highest and lowest levels of intake.

Dietary pulses with or without other legumes and
hypertension incidence

Figure 1 and Supplemental Figure 14 show the association
between dietary pulses with or without other legumes
and hypertension incidence (7 cohort comparisons, 288,352
unique participants, and 83,284 cases). We found a protective
association (RR: 0.91; 95% CI: 0.86, 0.97; P = 0.002) with
no evidence of heterogeneity (I> = 0%, P = 0.69) when we
compared the highest and lowest levels of intake.
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GRADE T
Upgrade

Downgrade

Cohort

Cardiometabolic Participants, Cases,

comparisons, Risk ratio [95% Cls] Risk ratio [95% Cls]

Test for

Heterogeneity
overall effect

Certainty

Risk of Bias
Inconsistency
Indirectness
Imprecision
Publication bias
Dose response
Large effect size
Attenuation

disease outcome n n n P

CVD INCIDENCE 7 231,353 10,261  0.92 [0.85,0.99] — 0.03 19%  0.29 OO0« 0Od s OO0 00 Low
CVD MORTALITY 12 940,756 16,168 0.97 [0.89, 1.06] — 0.53 47%  0.04 OO0« 0 OoO0oog o000 verylow
CHD INCIDENCE 10 306,814 7786  0.90[0.83,0.99] ——| 0.03 uy 013 O OO« O OO0 &@OOO verylow
CHD MORTALITY 9 224,592 3331 0.94[0.82,1.08] — 0.39 48%  0.05 Oo0oO0w« 0 Oo0g o000 verylow
MI INCIDENCE 4 202,528 2585 0.90[0.74, 1.10] — 0.29 % oss O OO =« O OO0 &@OOO verylow
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DIABETES INCIDENCE 9 259,325 10,457 0.93[0.83, 1.05] — 0.26 70 000 O m O w O OO0 &@OOO verylow
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FIGURE 1 Summary and GRADE assessment of the pooled effect estimates of prospective cohort studies assessing the associations
between dietary pulses with or without other legumes and cardiometabolic disease outcomes (the highest compared with the lowest
level of intake) in participants free of the disease at baseline. Pooled risk estimate for each outcome is represented by the diamond. Data
are expressed as weighted risk ratios with 95% Cls using the generic inverse-variance method modelled by random effects, or by fixed
effects if data from <5 studies were available. Values of /# > 50% and P < 0.10 indicate substantial heterogeneity (10, 24). Values >1.0
indicate an adverse association. CHD, coronary heart disease; CVD, cardiovascular disease; GRADE, Grading of Recommendations
Assessment, Development and Evaluation; MI, myocardial infarction; NA, not available.

Dietary pulses with or without other legumes and
obesity incidence

Only 1 cohort study was identified that assessed the asso-
ciation between legumes and overweight/obesity incidence
(78), which showed a protective association (RR: 0.87; 95%
CI: 0.81,0.97; P-trend < 0.0001) when comparing the highest
and lowest levels of intake.

Sensitivity, subgroup, and dose-response analyses
Supplemental Table 26 shows select sensitivity analyses in
which the systematic removal of an individual study altered
the significance of the pooled effect estimate or evidence
of heterogeneity for an outcome. The systematic removal
of several studies modified the association between dietary
pulses with or without other legumes and incidence of CVD
(42, 44, 51, 52, 54) and CHD (51, 58, 60) from a protective
association to no association. The systematic removal of
Bonaccio et al. (14) modified the association between
dietary pulses with or without other legumes and stroke
mortality from no association to a protective association.
The systematic removal of several studies modified the
heterogeneity from nonsubstantial to substantial for the
association between dietary pulses with or without other
legumes and mortality of CVD (13, 44, 45, 47, 52) and CHD
(45, 55, 60, 63, 64).

Supplemental Figures 15 and 16 show the a priori
and post hoc subgroup analyses. CVD mortality and CHD
incidence were the only outcomes with >10 cohort compar-
isons available, both of which showed no evidence of effect
modification by any of the subgroups for the association with
dietary pulses with or without other legumes.

Supplemental Table 27 shows the post hoc sensitivity
analyses assessing the association in those studies reporting
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dietary pulses alone as the exposure. Of the outcomes
with <10 cohort comparisons available, none showed an
association with dietary pulses after removal of studies
including other legumes in the exposure, with the exception
of hypertension incidence (RR: 0.92; 95% CI: 0.87, 0.98;
P=0.01).

Supplemental Figure 17A-H shows the dose-response
analyses. Only studies with intake data were included, which
consisted of 3 for CVD incidence, 7 for CVD mortality,
7 for CHD incidence, 4 for CHD mortality, 5 for stroke
incidence, 3 for stroke mortality, 6 for diabetes incidence,
and 6 for hypertension incidence. There was evidence of a
linear dose-response gradient (per 100 g) for dietary pulses
with or without other legumes and CVD incidence (RR:
0.92; 95% CI: 0.86, 0.98; P = 0.007). No other outcomes
showed evidence of a linear or nonlinear dose-response
gradient.

Publication bias

Supplemental Figures 18 and 19 show the publication bias
analyses. CVD mortality and CHD incidence were the only
outcomes with >10 cohort comparisons available, both of
which showed no evidence of publication bias through visual
inspection of funnel plots and formal testing with Begg and
Egger tests.

GRADE assessment

Figure 1 and Supplemental Table 28 show the GRADE as-
sessments for the associations between dietary pulses with or
without legumes and each cardiometabolic disease outcome.
The evidence for benefit was rated as very low certainty
for CHD and MI incidence and CVD, CHD, and stroke
mortality owing to downgrades for serious imprecision; very
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low certainty for stroke and diabetes incidence owing to
downgrades for inconsistency and imprecision; very low
certainty for hypertension incidence owing to downgrades
for risk of bias, indirectness, and imprecision; very low
certainty for obesity incidence owing to downgrades for
indirectness; and low certainty for CVD incidence owing to
a downgrade for imprecision and an upgrade for a significant
inverse dose-response gradient.

Discussion

We conducted an umbrella review and updated SRMA
of prospective cohort studies assessing the association be-
tween dietary pulses with or without other legumes and
cardiometabolic disease outcomes. We identified 6 SRMAs
and updated their search, which resulted in the following
total number of cohort comparisons for each outcome: 7 for
CVD incidence, 12 for CVD mortality, 10 for CHD incidence,
9 for CHD mortality, 4 for MI incidence, 8 for stroke
incidence, 6 for stroke mortality, 9 for diabetes incidence,
7 for hypertension incidence, and 1 for obesity incidence.
Pooled analyses showed that dietary pulses with or without
other legumes were associated with an 8%, 10%, 9%, and 13%
decrease in CVD, CHD, hypertension, and obesity incidence,
respectively, when comparing the highest quantile of intake
with the lowest quantile of intake. No association was found
between dietary pulses with or without other legumes and
incidence of MI, stroke, and diabetes or mortality from CVD,
CHD, and stroke.

Results in relation to other studies

Our results are consistent with previous SRMAs of prospec-
tive cohort studies in this area that were identified through
our umbrella review (35-40), as well as with SRMAs of
randomized trials of corresponding risk factors for these dis-
ease outcomes, including blood lipids (79), glycemic control
(80), blood pressure (81), body weight, and adiposity (82).
Potential mechanisms for these findings have been discussed
in more detail in a previous umbrella review published
by our group (12). Briefly, the potential mechanisms for
the observed benefits for the incidence of CVD, CHD,
hypertension, and obesity may be mediated by the effects
of specific nutrients and properties found in dietary pulses
and other legumes, including their high fiber, magnesium,
potassium, and protein contents and being low in GI (12).
The inconsistencies observed between risk of incidence of
and mortality from CVD and CHD are not entirely clear.
It is also not clear why benefits were observed for incident
CVD and CHD but not incident stroke. It is possible that
the benefit observed for incident CVD is being driven by the
benefit observed for incident CHD. However, given that the
95% ClIs still include benefit for all these outcomes (incident
stroke and mortality from CVD and CHD), the benefit of
dietary pulses on these outcomes cannot be excluded. More
precise estimates are needed to better understand the relation
between dietary pulses and their impact on cardiometabolic
disease outcomes.

Strengths and limitations

The strengths of our study are that we identified all available
prospective cohort studies through a systematic search
strategy, performed quantitative syntheses, and conducted
an assessment of the certainty of the evidence by using the
GRADE approach.

Despite the inclusion of several large high-quality cohorts,
the inability to rule out residual confounding is a limitation
inherent in all observational studies, and a reason that
observational studies start at low certainty when assessed
by GRADE. Sources of residual confounding include reverse
causality, the reliability of self-reported intake (83), measured
and unmeasured confounders included in statistical models,
and important collinearity effects from related dietary and
lifestyle patterns. Other important limitations include risk of
bias, inconsistency between studies, and indirectness. Risk
of bias could not be ruled out for hypertension incidence
because half of the studies were considered high risk of
bias (contributing 68.7% weight in the pooled analysis) and
residual inconsistency could not be ruled out for stroke
and diabetes incidence owing to substantial unexplained
interstudy heterogeneity (I* > 50%, P < 0.10). Indirectness
could not be ruled out for hypertension incidence because
half of the studies were conducted in health professionals
(contributing 68.7% weight in the pooled analysis). Although
many of the studies specified “legumes” as the exposure
without differentiating the legume types or included other
legumes in the exposure (e.g., soy, soy products, peanuts),
we did not downgrade for indirectness. This is because
>50% of the weight was contributed by studies conducted
in North America and Europe across the majority of the
cardiometabolic disease outcomes. Available data suggest
that a higher percentage of individuals consume dietary
pulses than consume soy and soy products in North America
(1, 2, 84, 85) and dietary patterns commonly consumed in
Europe (e.g., Mediterranean, Nordic dietary patterns) typi-
cally include or emphasize dietary pulses (86-88). Another
limitation consists of the wide range of intake of dietary
pulses with or without other legumes across studies within
the lowest and highest quantiles of intake, which makes
it difficult to ascertain an optimum intake level for health
benefits. A final limitation is the imprecision in the estimates
of pooled risk. The 95% CIs were wide and could not rule
out clinically important benefit or harm across the majority
of cardiometabolic disease outcomes. In addition, there was
some instability in the precision of the summary estimates
for incidence of CVD and CHD and stroke mortality. Lastly,
there was only 1 prospective cohort study identified assessing
the relation between intake of dietary pulses with or without
other legumes and obesity risk.

Balancing the strengths and weaknesses, the evidence was
assessed as very low certainty for CHD and M1 incidence and
mortality from CVD, CHD, and stroke owing to downgrades
for serious imprecision; very low certainty for stroke and
diabetes incidence owing to downgrades for inconsistency
and imprecision; very low certainty for hypertension inci-
dence owing to downgrades for risk of bias, indirectness, and
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imprecision; very low certainty for obesity incidence owing
to downgrades for indirectness; and low certainty for CVD
incidence owing to an upgrade for a significant inverse dose-
response gradient.

Implications and future directions

Current levels of dietary pulse consumption remain low,
for it has been reported that only 13% of Canadians (2)
and 7.9% of Americans (1) consume dietary pulses on any
given day. Among consumers, meanintakes ranged from 13
to 294 g/d among Canadians (2) and from 23 to 277 g/d
among Americans (1) (approximately <0.25 to 1.75 cups/d).
European data show a similar pattern of low consumption
(89). Given this low level of consumption there is room to
incorporate dietary pulses as part of a healthy dietary pattern
to improve cardiometabolic health. We found benefits of
intake levels for dietary pulses with or without other legumes
ranging from a median of 62.8 g/d for CHD incidence to
80.9 g/d for CVD incidence, which is in line with the levels
used in randomized controlled trials showing benefits of
dietary pulses on cardiometabolic risk factors (12, 79-82).
Furthermore, consumption of dietary pulses has been shown
to have larger societal implications, including the potential
to lower annual health care costs (90) and contribute to
environmental sustainability (91), which is a growing global
concern.

More research is needed in this area to improve our under-
standing of the impact of dietary pulses on cardiometabolic
health. In specific, future studies should differentiate between
legume types in the exposure and independently analyze
the association between dietary pulses and cardiometabolic
outcomes in order to improve our understanding.

Conclusions

Overall, our umbrella review and updated SRMA of available
prospective cohort studies supports the intake of dietary
pulses with or without other legumes in the prevention of
some cardiometabolic diseases (CVD, CHD, hypertension,
and obesity). Our confidence in the evidence for this conclu-
sion is generally weak or very weak. Sources of uncertainty
include the risk of residual confounding in observational
studies that prevent causal inferences from being drawn,
serious inconsistency between studies, indirect measurement
of dietary pulses, and imprecision in estimates of pooled risk.
More research is likely to have an important influence on
our estimates and increase our understanding of the role of
dietary pulses in the primary prevention of CVDs and other
cardiometabolic outcomes.
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