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Popular scientific summary

» Evidence from observational studies was suggestive of null associations between legume consump-
tion and CVD and T2D.

*  Meta-analyses of RCTs suggested a protective effect of legume consumption on established risk
factors for CVD and T2D.

* Legume consumption may be recommended as a substitute for meat in sustainable diets and as
part of a diverse and healthy dietary pattern for CVD and T2D prevention.

Abstract

Objectives: This study aimed to systematically review the evidence for associations between consumption of
legumes and cardiovascular disease (CVD), type 2 diabetes (T2D) and their risk factors among healthy adults.
Methods: We searched MEDLINE, Embase, Cochrane Central Register of Controlled Trials, and Scopus up
to 16 May 2022 for >4 weeks long randomized (RCT) and non-randomized controlled trials and prospective
cohort studies with follow-up >12 months, assessing legume intake (beans/lentils/peas/soybeans, excluding
peanuts and legume-products/protein/powder/flour) as the intervention or exposure. Outcomes were CVD,
coronary heart disease (CHD), stroke, T2D and in intervention trials only: changes in blood lipids, glycemic
markers, and blood pressure. Risk of bias (RoB) was evaluated with Cochrane’s RoB2, ROBINS-I, and US
Department of Agriculture (USDA)’s RoB-NODbBS. Effect sizes were pooled using random-effects meta-anal-
yses and expressed as relative risk or weighed mean differences with 95% confidence intervals, heterogeneity
quantified as P. The evidence was appraised according to World Cancer Research Fund’s criteria.

Results: Of the 181 full-text articles assessed for eligibility, 47 were included: 31 cohort studies (2,081,432
participants with generally low legume consumption), 14 crossover RCTs (448 participants), one parallel
RCT and one non-randomized trial. Meta-analyses of cohort studies were suggestive of null associations for
CVD, CHD, stroke and T2D. Meta-analyses of RCTs suggested a protective effect on total cholesterol (mean
difference —0.22 mmol/L), low density lipoprotein (LDL)-cholesterol (—0.19 mmol/L), fasting glucose (—0.19
mmol/L), and HOMA-IR (—0.30). Heterogeneity was high (7 = 52% for LDL-cholesterol, >75% for others).
The overall evidence for associations between consumption of legumes and risk of CVD and T2D was con-
sidered limited — no conclusion.

Conclusion: Legume consumption was not found to influence risk of CVD and T2D in healthy adult pop-
ulations with generally low legume consumption. However, protective effects on risk factors, seen in RCTs,
lend some support for recommending legume consumption as part of diverse and healthy dietary patterns for
prevention of CVD and T2D.
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low legume intake a preventable risk factor for

non-communicable diseases (1). The term ‘legumes’
includes various types of beans, lentils, peas, and soybeans.
In addition, peanuts classify botanically as legumes, how-
ever in nutrition science they are classified as nuts. Legumes
are excellent sources of essential amino acids, complex
carbohydrates and fiber, are generally low in fat and satu-
rated fatty acids, rich in micronutrients such as potassium,
magnesium, folate, iron and zinc, as well as many bioactive
compounds such as phytochemicals (2-5). From a sus-
tainability perspective, legumes are considered important
sources of dietary protein, as they have low greenhouse gas
and water footprints, enrich the soil through nitrogen fixa-
tion, and reduce the need for fertilizers (6-8).

While legumes are used for human consumption world-
wide, recent data indicate a universal lack of enough
legumes in diets in most parts of the world, excluding
some parts of Latin America, south Asia, and sub-Sa-
haran Africa (1, 9). In Finland and Sweden, mean adult
legume consumption is approximately 12 g/day and may
be even lower in other Nordic and Baltic countries (10).
The increasingly recognized need for the global population
to shift towards a more sustainable, plant-based diet has
driven an expansion in available research on health effects
of legumes over the past years. This, along with the absence
of specific recommendations on legume consumption in the
2012 edition of the Nordic Nutrition Recommendations
(NNR); an emphasis in the NNR update for 2022 on
healthy food groups that may act as substitutes for meat
in sustainable diets; and an interest in possible associations
between diets and cardiovascular disease (CVD) and type
2 diabetes (T2D) and associated biomarkers such as blood
lipids, glycemic markers and blood pressure, all contributed
to this being a prioritized topic for a systematic review in
updating the NNR for 2022 (11).

Therefore, we performed a systematic review and
meta-analysis of intervention trials and observational
studies investigating the role of consumption of legumes
in the development of CVD and T2D as well as their risk
factors among generally healthy adults.

The global burden of disease study 2017 considered

Methods
This systematic review followed the guidelines devel-
oped for the 2022 revision of the NNR (12, 13) and
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preferred reporting for systematic reviews (14, 15). A
study protocol was published prior to article selection in
the PROSPERO database (https://www.crd.york.ac.uk,
CRD42021250084). This systematic review is part of
the NNR 2022 project, funded by the Nordic Council of
Ministers and governmental food and health authorities
of Norway, Finland, Sweden, Denmark, and Iceland (16).

Eligibility criteria

The research question was developed by the NNR 2022
Committee and the NNR Systematic Review Centre (i.e.
the authors) (Supplementary Table 1). The population
of interest were adults in settings relevant for the gen-
eral population in the Nordic and Baltic countries (i.e.
free-living and generally healthy). Therefore, studies on
patient groups (e.g. participants with established CVD or
T2D at baseline) and weight-loss trials were excluded. The
intervention/exposure of interest was legumes, excluding
peanuts, and the comparator of interest were different
intake levels in observational studies, and usual diet or
other comparator in intervention studies. Legumes could
be any type of fresh or cooked beans, lentils, peas, or soy-
beans consumed as a food. Specific legume types should
be explored, if possible. Studies exploring processed
legume products, such as legume protein/powder, legume
flour, soy products (e.g. tofu), legume oils and legume
snacks (with the exception of soynuts made from mature
soybeans in intervention studies), were excluded, as were
studies where the intervention/exposure of interest could
not be separated from peanuts or vegetables. Substitution
analyses (e.g. of replacing meat with legumes) were not
included in this review. The outcomes of interest were
incidence (non-fatal or fatal) of, or mortality from, CVD,
coronary heart disease (CHD) and stroke, T2D incidence,
and in intervention studies: changes in blood lipids, blood
pressure, fasting glucose or insulin, and insulin resistance
(homeostatic model assessment, HOMA-IR). Studies
were included if they provided multivariable-adjusted
risk estimates [risk ratios (RR), hazard ratios (HR), or
odds ratios (OR)] or mean differences (intervention stud-
ies) with corresponding data to calculate the variance.
Eligible randomized (RCT) and non-randomized con-
trolled trials should have at least 4 weeks duration and
prospective cohort studies should have at least 12 months
of follow-up.
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Search strategy

A comprehensive literature search of MEDLINE,
Embase, Cochrane Central Register of Controlled Trials
and Scopus was performed at the Library of Medicine
and Science at the University of Oslo, Norway up to the
search date, initially on 2 May 2021, updated on 16 May
2022. The search strategy (Supplementary file 2) was
developed in collaboration with the authors (led by BT
and EKA) and peer-reviewed by research librarians at the
Karolinska Institute in Stockholm, Sweden. Reference
lists of relevant retrieved articles were also screened to
identify additional articles. There were no publication
date or language limitations in the search. Grey literature
and unpublished study searches were not performed.

Article selection and data collection

Pairs of two authors (CL-A, LB initial search, BT, AR
updated search) were independently screened and selected
studies for inclusion. The screening of titles/abstracts was
performed in the web tool Rayyan (https://rayyan.qcri.
org) in a blinded fashion. Discrepancies were resolved
by discussion or by a third author (AA) both after title/
abstract screening and full-text screening.

Data from full-text articles was extracted into pre-spec-
ified Excel extraction forms by pairs of two authors work-
ing independently (BIN, JD, FS initial search, BT, AR
updated search). Among the data extracted were study
design, information on participants and recruitment,
exposure/interventions and controls, assessment of out-
comes, follow-up, confounders, and results. When dupli-
cate publications from the same study were identified, we
included the report that included the largest number of
cases for each endpoint of interest. In a few instances,
study authors were contacted in an attemp to retrieve data
considered necessary for meta-analyses.

RoB assessment

Risk of bias of each included study was independently
assessed as low, moderate/some concerns, serious or crit-
ical by two authors (EAR initial search, BT, AR updated
search) using tools relevant for the different study types.
Cochrane’s Risk of Bias 2 (RoB2) (17) was used for indi-
vidually randomized, parallel-group trials, considering
the RoB in five domains: arising from the randomization
process, due to deviations from the intended interven-
tions and missing outcome data, in the measurement of
the outcome, and in selection of the reported result. A
supplement to the main RoB2 (18) was used for cross-
over trials, additionally considering the RoB from period
and carryover effects. Cochrane’s Risk of Bias in Non-
randomized studies — of interventions (ROBINS-I) (19)
was used for non-randomized intervention studies, and
the ‘Risk of Bias for Nutrition Observational Studies’
(RoB-NObBS) (20) developed by the USDA Nutrition
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Evidence Systematic Review (NESR) team was used for
observational studies. Both ROBINS-I and RoB-NObS
consider the RoB in seven domains, although with slightly
different wording in signaling questions: due to con-
founding, in selection of participants, in classification of
interventions/exposures, due to deviations from intended
interventions/exposures, due to missing data, in measure-
ment of outcomes, and in selection of the reported result.
RoB was visualized by using the web app Risk-of-bias
VISualization (robvis) (21).

Synthesis methods

The evidence was synthesized qualitatively, based on study
characteristics, context, strengths and limitations, hetero-
geneity, and relevance. Meta-analyses were performed if
deemed appropriate to combine/pool the different studies,
but only when more than three independent RCTs or five
cohort studies with sufficient homogenous data existed
(12). These conditions were met for total CVD and CVD
mortality, total CHD and CHD incidence, total stroke and
stoke incidence, T2D incidence, total cholesterol (TC),
low density lipoprotein cholesterol (LDL-C), high den-
sity lipoprotein cholesterol (HDL-C), triglycerides (TG),
fasting glucose, insulin, and HOMA-IR. All meta-analy-
ses were performed using a random-effects model and the
meta-analysis approach followed recommendations from
the Agency for Healthcare Research and Quality (AHRQ)
and the Cochrane’s Handbook (22, 23). In studies only
reporting results stratified by sex or menopausal status,
these estimates were first pooled within each study by an
inverse variance fixed-effect model. Stratified analyses
were performed if data allowed, by separating by incidence
versus mortality in cohort studies, and further by legume
type in both observational studies and RCTs. Sensitivity
analyses were explored by overall RoB (RCTs alone).

For observational studies, the fully adjusted risk esti-
mates [HR/RR; OR was converted into RR (24)] and
95% confidence intervals were log-transformed and sum-
marized to assess the highest versus lowest consump-
tion categories and dose-response relationships. For
the dose-response analysis, additional required inputs
for each category of exposure were the median expo-
sure amount, person-years of follow-up, and number of
cases. For estimating median exposure amounts in g/day
in studies with an alternative reporting (such as servings/
day or times/week), methods from Greenland 1987 were
used (25). Consistent with most regional serving sizes
(26) and in line with previous meta-analyses (27-29), we
assumed that one serving of legumes equaled 100 g, if
not otherwise specified. Dose-response effects/relation-
ships were assessed by a one-stage approach estimating
a pooled regression slope and standard error, from the
dose-specific risk estimates within the studies included in
the meta-analysis, thus indicating the association between
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a unit increase in legume intake and the respective out-
comes with the lowest consumption category (usually 0
g/day) as reference (30). Potentially non-linear dose-re-
sponse associations were explored by restricted cubic
splines with knots fixed at the 10th, 50th and 90th percen-
tiles of the exposure (31).

For RCTs, mean differences and their standard devia-
tions (SDs) between the intervention and control group
at the end of the intervention period were the primary
effects of interest. For RCTs with more than one legume
intervention arm, the results were first pooled into one
intervention group with a fixed-effect meta-analysis, to
avoid double-counting of participants (32). For crossover
RCTs, we used results from paired analysis accounting
for intra-individual correlation as reported, or calculated
SD with a correlation coefficient of 0.6, which is consid-
ered a conservative estimate (33). Units were converted if
needed: TC, LDL-C and HDL-C from mg/dL to mmol/L
by dividing by 38.67, TG from mg/dL to mmol/L by divid-
ing by 88.57, glucose from mg/dL to mmol/L by dividing
by 18.02 and insulin from pI'U/mL to pmol/L by multiply-
ing by 6.00.

For all meta-analyses, potential heterogeneity between
studies was assessed using the I statistic. To assess small
study effects, visual inspection of funnel plots and Egger’s
regression test (significance level P > 0.1) were evaluated if
there were at least 10 effect estimates (34). Meta-analyses
were performed with the ‘meta’ command in Stata v17
(StataCorp LLC, College Station, Texas, USA).

Strength of evidence assessment
Strength of evidence was appraised based on RoB, quan-
tity, consistency, and precision in the evidence, according
to the World Cancer Research Fund’s grading:
‘Convincing’, ‘Probable’, ‘Limited - suggestive,
‘Limited — no conclusion’, ‘Substantial effects unlikely’
(16). According to this classification, several conditions
must be met for the body of evidence to be judged as
convincing, that is, strong enough to support a causal
relationship or substantial effects unlikely, that is strong
enough to support that there is a convincing absence
of a causal relationship. The evidence is considered as
probable when it is strong enough to support that there
is a probable causal relationship, with evidence from at
least two independent cohort studies, no unexplained het-
erogeneity between- or within-study types, good-quality
studies to confidentially exclude the possible random or
systematic errors, and evidence for biological plausibility.
The evidence is considered limited — suggestive when there
is evidence suggestive of a consistent direction of effect,
and evidence for biological plausibility. If the evidence is
so limited that no firm conclusion can be made or there
is inconsistency of direction of effect it is considered
limited — no conclusion.

4

(page number not for citation purpose)

Results

The database searches yielded 10,771 articles after dedu-
plication, of which 10,599 were excluded after title/
abstract screening. Nine additional records were identi-
fied by screening reference lists of retrieved articles and
other systematic reviews. Of the 181 full-text articles eval-
uated, 47 met the criteria to be included in the review and
42 were included in quantitative synthesis (meta-analysis).
Figure 1 gives the flowchart for the literature screening
and Supplementary Table 2 lists the 134 articles excluded
after full text screening.

Overview of included studies

In total, 31 articles reporting possible observational asso-
ciations between legume intake and cardiovascular end-
points (n = 21) or T2D (n = 10) and 16 articles reporting
results from legume interventions on cardiometabolic
risk factors were included (Table 1). They report results
from 25 unique prospective cohorts, prospective obser-
vational analysis of participants from one RCT, as well
as 13 unique crossover RCTs, one parallel RCT and one
non-randomized trial.

Characteristics of observational studies

Summarizing from Table 1 and Supplementary Table 3,
the observational studies analyzed 2,081,432 participants
(69% women) from Europe, USA, Australia, China, Iran,
Japan, and South Korea, and one study combined data
from 18 countries in seven geographical regions. Except for
the PREDIMED cohort, the participants were obtained
from generally healthy populations. One US cohort
included a large proportion of vegetarian participants, but
results were only presented for the overall population (38).
The mean age was 53 years at baseline, ranging in individ-
ual studies from 38 to 75 years. Follow-up time ranged
from 4 to 28 years in individual studies (mean 12 years)
and person-years ranged from 6,986 to 6,170,299 in the
studies for which they were reported. Most observational
studies (7 = 20) were publicly funded.

Diets were assessed by food frequency questionnaire
in all but the Nordic studies, which used a diet history
(47, 58). More than half of the studies (n = 17) assessed
diet only at baseline, while others had two (n = 6) or
more (n = 8) diet assessments. The exposure assessed
was most often total legumes (beans, lentils, peas, occa-
sionally soybeans), while studies from Japan, South
Korea and one study from China only assessed intake
of soybeans (43, 44, 48, 54, 64, 65). By a crude approx-
imation we estimated the median intake in the studies
to be 20 g/day, but it varied between studies and geo-
graphical regions. The Finnish study and the European
EPIC study reported medians below 10 g/day, while
the PURE study including 18 countries worldwide and
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Fig 1. Flowchart of study selection.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://
WWWw.prisma-statement.org/.

studies from South Korea and Australia reported medi-
ans of 40-50 g/day (43, 46, 47, 51, 53, 59).

Outcomes assessed were CVD (5 studies reporting
incidence, 7 studies reporting mortality), CHD (8 studies
reporting incidence, 3 studies reporting mortality), stroke
(6 studies reporting incidence, 3 studies reporting mortal-
ity), and T2D (10 studies). In total, 51,454 cardiovascu-
lar events and 15,992 diabetes events occurred. The CVD
endpoints were most often assessed by reviewing medical
records and/or death certificates. In some studies, espe-
cially those on T2D, participants or their families self-re-
ported the outcome. Most often measures were taken
to check the reported outcomes using official records or
other sources. Most studies adjusted for important con-
founders including age, sex, body mass index, smoking,
alcohol use, physical activity, energy intake, relevant med-
ication use or history/family history of relevant diseases
or conditions.

Characteristics of intervention studies

Summarizing from Table 1 and Supplementary Table 4,
the crossover RCTs analyzed 448 participants (58%
women) from Australia, New Zealand, USA, Canada,
Iran, and the Netherlands, the parallel-group RCT
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analyzed 25 participants from Iran and the non-random-
ized trial analyzed 242 participants from China, although
the number reporting was unclear in that article. Most
trials included generally healthy participants, some with
hypercholesterolemia or metabolic syndrome (MetS), but
did not include participants using lipid-lowering med-
ications. The age range was wide (<30 to 265 years) in
10 studies, one studied young athletes, and the remain-
ing five studied middle aged or older adults. The duration
of the crossover RCTs ranged from 4 to 16 weeks (mean
7 weeks), while the parallel-group and non-randomized
trials had a duration of 12 weeks. Blood lipids were
assessed in 14 studies, glucose or insulin or HOMA-IR in
11 studies and blood pressure in 2 studies. Most interven-
tion studies (n = 8) were industry funded.

The interventions were consumption of either a mixture
of legumes (n = 4) or individual types; beans (n = 5), soy-
beans (n = 3), chickpeas (n = 3) and individual effects of
pinto beans and black-eyed peas (n = 1). Various methods
were used to assess adherence to the intervention. Exposure
amounts were in the ranges of 37-156 g/day (dry weight)
for mixed legumes, 50-377 g/day (cooked weight) for beans,
30-67 g/day for soynuts and 130-140 g/day (cooked weight)
for chickpeas, pinto beans, and black-eyed peas. A few of
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the included studies were considered not having, for the
purpose of the present systematic review, an optimal con-
trol intervention; Mackay compared beans with low or
high fibre oat bran (73) while Nestel and Pittaway com-
pared chickpeas with a whole grain wheat diet (75-77).

Risk of bias in included studies

The summary RoB assessments of the included cohort
studies and RCTs are shown in Figs. 2 and 3, respectively.
Study level RoB assessments are shown in Supplementary
Fig. 1 (cohort studies and the single non-randomized
trial) and Supplementary Fig. 2 (RCTs, both crossover
and parallel).

The overall RoB in cohort studies was regarded as mod-
erate for 27 articles and serious for 4 articles. While some
potential for confounding of the effect of exposure was
expected in all studies, those not measuring energy intake
(identified as a key confounder) were regarded as having
serious RoB in domain 1. Some bias in domain 2 was
expected for all studies since the start of follow-up was
long after participants likely started consuming legumes.
When outcome assessment was based on hospital regis-
tries, death certificates, or otherwise confirmed, the RoB
for measurement of outcomes (domain 6) was regarded as
low, while self-reported assessments that were partly con-
firmed were regarded as moderate RoB, and when possi-
bly invalid, as serious RoB.

Legume consumption and cardiometabolic disease

The overall RoB in the non-randomized intervention
was regarded as critical due to issues with confounding
and missing data. The RoB for three RCTs was regarded
as low and moderate for the remaining 12 RCTs. The lack
of a washout period raised concerns (domain 1), as did low
compliance (domain 2), lack of blinding of outcome asses-
sors (domain 4) and lack of a published analysis plan, espe-
cially considering the private funding (domain 5).

Summary of findings from observational studies

Five individual observational studies (four regarded with
moderate and one with serious RoB) reported significant
associations between legume intake and CVD outcomes in
fully adjusted models (see Supplementary Table 3). Four
reported inverse associations: two between total legume
intake and CVD incidence (40, 49), one between total
legume intake and ischemic stroke (but not total stroke)
(47) and one between soybean intake and CVD mortality
(48). On the other hand, a prospective analysis from the
PREDIMED trial reported an association between total
legume intake and higher CVD mortality (50).

Out of the 12 studies reporting on overall CVD, nine
provided sufficient data to be included in the meta-anal-
ysis (3 studies on incidence and 6 studies on mortality).
The analysis resulted in a pooled estimate for high ver-
sus low legume intake of RR 0.95 (95% CI, 0.86, 1.06,
F = 41%) for total (or ‘overall’) CVD. An assessment of

Biasdueto confounding [

Bias due to selection of participants [

Bias in classification of interventions

Bias due to deviationsfrom intended interventions
Bias due to missing data

Bias in measurementof outcomes

Bias in selection of the reported result

Overall risk of bias
0%

55525 |

25% 50% 75% 100%

| B owrsk [] Moderatsrisk [ Serious risk |

Fig. 2. Summary risk of bias per domain in cohort studies (n = 31).

Bias arising from the randomization process
Bias arising from period and carryover effects
Bias due to deviations from intended intervention
Bias due to missing outcome data

Bias in measurement of the outcome [ ]
Bias in selection of the reported result [N ]
Overall [ |

0% 25% 50% 75% 100%

Fig 3. Summary risk of bias per domain in RCTs (n = 15).

Citation: Food & Nutrition Research 2023, 67: 9541 - http://dx.doi.org/10.29219/fnrv67.9541

| B nointormation [l criicar [l Hon [ unclear [l Low

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v67.9541

Birna Thorisdottir et al.

CVD mortality alone resulted in a pooled estimate of RR
1.03 (95% C1, 0.89, 1.20, P = 48%) (Fig. 4A). For CHD, 10
out of 11 studies provided sufficient data to be included in
the high versus low legume intake meta-analysis (7 studies
on incidence and 3 on mortality). The analysis resulted
in a pooled estimate of RR 1.00 (95% CI, 0.95, 1.05,
P = 0%) for total (‘overall’) CHD and an estimate of
RR 0.99 (95% CI, 0.94, 1.05, P = 0%) for CHD incidence
alone (Fig. 4B). For stroke, all nine studies retrieved (6 on
incidence and 3 on mortality) were included in the high
versus low meta-analysis; RR 0.98 (95% CI, 0.91, 1.05,
P =16%) for total (‘overall’) stroke and RR 0.99 (95% CI,
0.91, 1.09, P = 34%) for stroke incidence alone (Fig. 4C).
No clear dose-response association was found for any of
the outcomes.

Half of the studies on legume intake and T2D risk
(four regarded with moderate and one with serious RoB)
reported significant associations. Becerra-Tomas, Khalili-
Moghadam, O’Connor and Villegas reported inverse
associations between total legume intake and T2D (57, 60,
63, 64). Furthermore, lentils and soybeans were inversely
associated with T2D risk in Becerra-Tomas and Villegas
(64), respectively. In the opposite direction, Bazzano
reported significant associations between legume intake
and higher T2D (56). Nine out of 10 studies reporting
on T2D provided sufficient data to be included in the
meta-analysis, resulting in a pooled estimate for legume
intake of RR 0.90 (95% CI, 0.77, 1.06, P = 88%) and no
clear dose response association (Fig. 4D).

Separate assessment by legume type (overall legumes
excluding soybeans vs. soybeans alone) resulted in pooled
estimates for high versus low legume (excluding soybean)
intake of RR 1.00 (95% CI, 0.95, 1.06, I? = 0%) for overall
CHD, RR 0.97 (95% CI, 0.89, 1.07, F = 35%) for over-
all stroke and RR 0.89 (95% CI, 0.74, 1.07, P = 89%) for
T2D (Supplementary Fig. 3). There were no differences
between studies based on funding source (not shown).

Summary of findings from intervention studies

As shown in Supplementary Table 4, 12 out of the 16
intervention studies reported some significant effects,
all considered protective for the outcomes of interest. A
significant lowering of TC and/or LDL-C was observed
in 10 intervention studies (65-68, 70-72, 76, 79-81); the
effect on TC was observed in 8 studies and LDL-C also
in 8 studies. These studies included healthy middle-aged
or older adults, some with high cholesterol, and post-
menopausal women with MetS, in interventions on mixed
legumes (>120-150 g/day dry weight), soynut (>30 g/day),
beans (250 g/day cooked weight), chickpeas (140 g/day
cooked weight) or pinto beans (130 g/day cooked weight).
Significant increases in HDL-cholesterol was observed in
studies on hypercholesterolemic adults consuming beans
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(80 g/day cooked weight) and healthy young athletes con-
suming mixed legumes (156 g/day dry weight) (73, 74).
Changes in insulin, glucose and HOMA-IR were only
seen in RCTs from Iran on postmenopausal women with
MetS consuming 30-35 g/day soynuts (67, 68). No effects
were seen on blood pressure (67, 78).

All RCTs (crossover and parallel) were included in the
meta-analysis, while the non-randomized trial was not
(72). The summary effect sizes (Fig. 5) showed signifi-
cantly decreased TC (-0.22 mmol/L, 95% CI, -0.32, -0.13,
P ="75%), LDL-cholesterol (-0.19 mmol/L, 95% CI, -0.27,
-0.11, P = 52%)), fasting glucose (-0.19 mmol/L, 95% CI,
-0.33, -0.05, P = 83%), and HOMA-IR (-0.30, 95% CI,
-0.60, -0.00, P = 96%) with legume interventions com-
pared with controls, but insignificant effects on HDL-C,
TG, and insulin. Heterogeneity was high but decreased
when separated by type of legumes (Supplementary
Fig. 4). Especially, excluding the soynut trials removed
nearly all heterogeneity. Excluding soynut trials, the
intervention effect of legumes was -0.17 mmol/L (95%
CI -0.25, -0.09, P = 31%) for TC, -0.15 mmol/L (95% CI
-0.21, -0.09, P = 5%) for LDL-C, -0.09 mmol/L (95% CI
-0.19, 0.01, 7 = 50%) for glucose and 0.01 (95% CI -0.01,
0.03, P = 0%) for HOMA-IR. The effects of soynuts on
TC, fasting glucose and insulin were significantly different
from other interventions (P = 0.03 for TC, P = 0.003 for
glucose and P < 0.001 for insulin). For glucose, the inter-
vention effect was also larger in studies 6 weeks or longer
than 4-5 weeks (data not shown). Subgroup analysis by
RoB gave similar results for RCTs with some concerns
and all studies (Supplementary Fig. 5). The effect sizes did
not vary by funding source (not shown), except for larger
effects in the two publicly funded RCTs using soynuts for
glucose, insulin, and HOMA-IR.

Reporting bias

Based on inspection of funnel plots (Supplementary
Fig. 6), and Egger’s test (in meta-analyses with 10 or more
comparators), we did not find evidence of publication
bias in the form of small study-effects bias. Egger’s test
for legumes and CHD gave a P-value of 0.62, and for the
risk factors the P-values ranged from 0.38 to 0.98, with
the exception of HDL-C (P = 0.06) where one small trial
found a large increase in females (n = 5).

Certainty in the evidence

Overall, the findings from this systematic review are
mixed, with high heterogeneity and mostly moderate/
some concern for RoB (Table 2). Although it was not the
purpose of this review, we consider the evidence strong
in supporting the absences of any adverse effects of
legume intake in relation to CVD or T2D. Nevertheless,
meta-analyses of prospective cohort studies on either
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A
Relative risk Weight

Study Exposure 95 % Cl (%)
cvD
Im & Park 2021 Soybeans —_— 1.03(0.71, 1.48) 641
Miller et al. 2017 Legumes —a— 0.83(0.71, 0.98) 17.84
Nouri et al. 2021 Legumes —— 0.81(0.65, 1.00) 13.40
CVD mortality
Farvid et al. 2016 Legumes —i— 1.05(0.89, 1.23) 17.78
Kokubo et al. 2007 Soybeans o 1.30(0.87, 1.97) 5.32
Nagura et al. 2009 Soybeans —- 0.89(0.78, 1.01) 21.07
Papandreou et al. 2019  Legumes —=—>172(1.02, 290) 3.53
Stefler et al. 2015 Legumes — 0.93(0.74, 1.16) 12.69
Yamasaki et al. 2015 Soybeans >1.20(0.59, 2.46) 1.97
Heterogeneity: T = 0.01, I” = 48.29%, H’ = 1.93 < 1.03(0.89, 1.20)
Overall o 0.95 ( 0.86, 1.06)
Heterogeneity: T = 0.01, I’ = 40.70%, H’ = 1.69
Test of group differences: Qu(1) =4.36, p=0.04

0.:30 1.00 2.60

1.14

1.0+ —

5
< 0.9+ ~—
1]
=> —
= —_—
© —
1}
o
0.8
0.7
I 1 I ] T T
0 20 40 60 80 100
Legume intake (g/day)
9 studies

P for linearity = 0.21 (HR per 100 g =0.96, 95 % CI: 0.91, 1,02)
P for nonlinearity = 0.67

Fig. 4. Legume consumption and risk of cardiometabolic endpoints in cohort studies, shown overall and separated by incidence
and mortality: CVD (A), CHD (B), stroke (C), T2D (D). The upper figures show summary forest plots of pooled relative risk
estimates between highest and lowest legume consumption categories and risk of the endpoints. The lower figures show linear
(dashed line) and non-linear (solid line) dose-response associations (with 95% CI) between legume consumption and risk of the
endpoints (total CVD, total CHD, total stroke, T2D), with 0 g/day as reference and vertical axes log transformed.
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B
Relative risk Weight

Study Exposure 95 % Cl (%)
CHD
Fraser et al. 1992 Legumes —— 1.01(0.78, 1.31) 4.14
Fung et al. 2018 Legumes - 1.00(0.92, 1.08) 39.22
Haring et al. 2014 Legumes - 1.16(0.93, 1.44) 573
Kokubo et al. 2007 Soybeans 0.91(0.59, 1.42) 140
Miller et al. 2017 Legumes —_— 0.86(0.67, 1.10) 4.46
Perez-Cornago et al. 2021  Legumes — 1.00(0.91, 1.10) 30.47
Yuetal. 2014 Legumes — 0.83(0.62, 1.11) 3.30
Heterogeneity: T =0.00, I = 0.00%, H’ = 1.00 & 0.99 ( 0.94, 1.05)
CHD mortality
Farvid et al. 2016 Legumes — 1.08(0.86, 1.36) 5.22
Nagura et al. 2009 Soybeans e 0.88(0.66, 1.18) 3.25
Stefler et al. 2015 Legumes —_— 1.09(0.80, 1.49) 2.83
Overall <& 1.00( 0.95, 1.05)
Heterogeneity: r= 0.00, I'= 0.00%, H'=1.00
Test of group differences: Qy(1) =0.10, p=0.75

T |

0.50 1.00 2.00

Relative risk

0.8

0.7 1

0 20 40 60 80 100
Legume intake (g/day)

9 studies (same as in forest plot except Fung 2018)
P for linearity = 0.4 (HR per 100 g = 0.97, 95 % CI: 0.89, 1,05)
P for nonlinearity = 0.47

Fig 4. Continued Legume consumption and risk of cardiometabolic endpoints in cohort studies, shown overall and separated
by incidence and mortality: CVD (A), CHD (B), stroke (C), T2D (D). The upper figures show summary forest plots of pooled
relative risk estimates between highest and lowest legume consumption categories and risk of the endpoints. The lower figures
show linear (dashed line) and non-linear (solid line) dose-response associations (with 95% CI) between legume consumption and
risk of the endpoints (total CVD, total CHD, total stroke, T2D), with 0 g/day as reference and vertical axes log transformed.
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C

Relative risk Weight
Study Exposure 95 % Cl (%)
Stroke
Bernsteinetal. 2012  Legumes i 1.06 (0.95, 1.19) 25.35
Haring et al. 2015 Legumes —— 1.29(0.98, 1.70) 6.05
Kokubo et al. 2007 Soybeans — 1.04(0.80, 1.35) 6.57
Miller et al. 2017 Legumes — 0.88(0.69, 1.12) 7.63
Mizrahi et al. 2009 Legumes —— 0.86(0.69, 1.07) 9.08
Tong et al. 2020 Legumes 0.94(0.84, 1.05) 25.65

Heterogeneity: T =0.00, I’ = 34.23%, H' = 1.52

0.99( 0.91, 1.09)

Stroke mortality
Farvid et al. 2016 Legumes 0.99(0.75, 1.30) 6.06
Nagura et al. 2009 Soybeans 0.95(0.78, 1.15) 11.40
Stefler et al. 2015 Legumes a1 0.69(0.43, 1.10) 2.20
Overall < 0.98 ( 0.91, 1.05)
Heterogeneity: T =0.00, I’ = 16.03%, H' =1.19
Test of group differences: Qu(1) = 0.51, p=0.48
I L) 1
0.50 1.00 2.00
1.1 —
_‘_\_‘__‘_\_\_‘_\_'_—‘—\—._
_‘_\_'_‘—‘—-—.___ —
10 e e ————
-
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= 0.91
g -
=] _‘_h'"‘\_‘__‘_
o
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o
0.8
0.7
T I T T T T
0 20 40 60 80 100
Legume intake (g/day)
9 studies

P for linearity = 0.54 (HR per 100 g = 1.02, 95 % C1: 0.95,1,11)

P for nonlinearity = 0.96

Fig 4. Continued Legume consumption and risk of cardiometabolic endpoints in cohort studies, shown overall and separated
by incidence and mortality: CVD (A), CHD (B), stroke (C), T2D (D). The upper figures show summary forest plots of pooled
relative risk estimates between highest and lowest legume consumption categories and risk of the endpoints. The lower figures
show linear (dashed line) and non-linear (solid line) dose-response associations (with 95% CI) between legume consumption and
risk of the endpoints (total CVD, total CHD, total stroke, T2D), with 0 g/day as reference and vertical axes log transformed.
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Heterogeneity: T = 0.05, I’ =88.37%, H = 8.60

D
Relative risk Weight
Study Exposure 95 % Cl (%)
Bazzano, 2008 Legumes - 1.14(1.03, 1.26) 13.23
Becerra-Tomas, 2018 Legumes —— 0.65(0.44, 0.97) 7.49
Ericsson, 2013 Legumes __I._ 1.00(0.82, 1.21) 11.60
Hodge, 2004 Legumes —ill— 1.04(0.90, 1.21) 12.42
Khalili-Moghadam, 2018  Legumes -~ 0.56(0.35, 0.89) 6.45
Liu, 2004 Legumes ——— 1.12(0.95, 1.33) 12.07
Villegas, 2008 Legumes —— 0.63(0.56, 0.70) 13.02
Yan, 2022 Soybeans --*— 0.98(0.87, 1.11) 12.85
Meyer, 2000 Beans —— 0.96(0.76, 1.21) 10.88
Overall <’_>| 0.90(0.77, 1.06)
|
1.00

1.2

Relative risk

0.50 2.00

9 studies

20

80 100

40 60
Legume intake (g/day)

P for linearity = 0.54 (HR per 100 g=0.95, 95 % CI1 0.80, 1.12)
P for nonlinearity = 0.25

Fig 4. Continued Legume consumption and risk of cardiometabolic endpoints in cohort studies, shown overall and separated
by incidence and mortality: CVD (A), CHD (B), stroke (C), T2D (D). The upper figures show summary forest plots of pooled
relative risk estimates between highest and lowest legume consumption categories and risk of the endpoints. The lower figures
show linear (dashed line) and non-linear (solid line) dose-response associations (with 95% CI) between legume consumption and
risk of the endpoints (total CVD, total CHD, total stroke, T2D), with 0 g/day as reference and vertical axes log transformed.

total CVD, CHD, stroke or T2D showed null associa- substantial effects unlikely but needs to be interpreted

tions comparing higher with lower legume consumption in the light of the generally low legume consump-

and no dose-response relationship. This would indicate tion reported in the cohorts. RCTs on approximately
I 4 Citation: Food & Nutrition Research 2023, 67: 9541 - http://dx.doi.org/10.29219/fnrv67.9541
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A

Mean difference  Weight
Study Intervention 95 % Cl (%)
Abeysekara, 2012 Legumes & -0.38(-0.59, -0.17) 7.34
Duane, 1997 Legumes < -0.26( -0.51, -0.01) 6.35
Mizelman, 2020 (female)  Legumes —a— 0.00(-0.16, 0.16) 8.73
Mizelman, 2020 (male) Legumes < 2 -0.20(-0.51, 0.11) 5.09
Saraf-Bank, 2016 Legumes i -0.11(-0.31, 0.09) 7.57
Cobiac, 1990 Beans = -0.03(-0.35, 0.29) 4.99
Doma, 2021 Beans —— -0.21(-0.41, -0.01) 7.64
Mackay, 1992 Beans — 0.00(-0.24, 0.24) 6.61
Winham, 2007a Beans — -0.26(-0.49, -0.03) 6.93
Winham, 2007b Beans =] -0.13(-0.45, 0.19) 5.02
Azadbakht, 2007 Soy nuts | -0.49( -0.53, -0.45) 11.28
Bakhtiari, 2019 Soy nuts — -0.62(-0.97, -0.26) 4.36
Tischmann, 2022 Soy nuts —— -0.17(-0.34, -0.01) 8.52
Pittaway, 2006 Chickpeas -0.22(-0.35, -0.09) 9.56
Overall ZE -0.22(-0.32, -0.13)
Heterogeneity: T =0.02, 1" = 75.48%, H” = 4.08

I T
-5 -4 -

T T
3-2-10..1 2 3 4 5

mmel/l”
B
Mean difference  Weight

Study Intervention 95 % Cl (%)
Abeysekara, 2012  Legumes —a— -0.23 (-0.43, -0.03) 8.27
Duane, 1997 Legumes —— -0.31(-0.58, -0.04) 5.74
Saraf-Bank, 2016 Legumes L -0.08(-0.27, 0.10) 9.00
Cobiac, 1990 Beans —_— -0.02(-0.26, 0.22) 6.61
Doma, 2021 Beans —— -0.24 (-0.40, -0.08) 10.41
Mackay, 1992 Beans —a— 0.05(-0.15, 0.25) 8.12
Winham, 2007a Beans L -0.13(-0.34, 0.08) 7.88
Winham, 2007b Beans & -0.09(-0.39, 0.21) 5.01
Azadbakht, 2007  Soy nuts i -0.41(-0.56, -0.27) 11.17
Bakhtiari, 2019 Soy nuts — -0.53(-0.96, -0.10) 2.83

Tischmann, 2022  Soy nuts
Pittaway, 2006 Chickpeas

Overall
Heterogeneity: T = 0.01, I' = 51.62%, H’ = 2.07

-0.17(-0.32, -0.02) 11.03
-0.18(-0.28, -0.08) 13.93

-0.19 (-0.27, -0.11)

T T
5 +-4-3~2-10.1.2 3

= o
w

mmol/l

Fig 5. Effect of legume intervention versus control in RCTs. The figures show summary forest plots of pooled mean differences
between intervention and control in cardiometabolic risk factors: total cholesterol, mmol/L (A), LDL-cholesterol, mmol/L (B),
HDL-cholesterol, mmol/L (C), triglycerides, mmol/L (D), glucose, mmol/L (E), insulin, pmol/L (F), HOMA-IR (G).

>120-150 g legumes per day suggested a biological
plausibility, with most, but not all studies reporting low-
ering of TC and LDL-C and meta-analyses additionally
suggesting protective effects on glucose and HOMA-IR.
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Since legume interventions were suggested to have
protective effects on blood lipids and glycemic mark-
ers, we did not consider the evidence strong enough to
support a convincing absence of a causal relationship.
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c Mean difference ~ Weight
Study Intervention 95 % Cl (%)
Abeysekara, 2012 Legumes T -0.07(-0.21, 0.07) 6.02
Duane, 1997 Legumes E -0.26(-0.29, -0.22) 10.17
Mizelman, 2020, female  Legumes — (0.70( 0.21, 1.19) 0.98
Mizelman, 2020, male Legumes -0.20(-0.62, 0.22) 1.27
Saraf-Bank, 2016 Legumes 0.02(-0.06, 0.10) 8.39
Cobiac, 1990 Beans -0.04 (-0.13, 0.05) 8.12
Doma, 2021 Beans -0.05(-0.12, 0.02) 8.78
Mackay, 1992 Beans -0.01(-0.09, 0.07) 858
Winham, 2007a Beans 0.00(-0.14, 0.14) 6.06
Winham, 2007b Beans 0.00(-0.12, 0.12) 6.62
Azadbakht, 2007 Soy nuts 0.00(-0.03, 0.03) 10.34
Bakhtiari, 2019 Soy nuts -0.07 (-0.17, 0.04) 7.37
Tischmann, 2022 Soy nuts -0.03(-0.07, 0.01) 991
Pittaway, 2006 Chickpeas -0.02(-0.12, 0.08) 7.40
Overall -0.04 ( -0.09, 0.01)

Heterogeneity: T = 0.01, I’ = 84.16%, H' = 6.31

D

Mean difference  Weight
Study Intervention 95 % Cl (%)
Abeysekara, 2012  Legumes —_— 0.09(-0.12, 0.30) 2.04
Duane, 1997 Legumes —_—t—— 0.14(-0.09, 0.36) 1.64
Saraf-Bank, 2016  Legumes — 0.08(-0.17, 0.32) 1.44
Cobiac, 1990 Beans — 0.01(-0.13, 0.15) 4.30
Doma, 2021 Beans - 0.05(-0.03, 0.12) 13.87
Mackay, 1992 Beans — T 0.03(-0.13, 0.19) 3.21
Winham, 2007a Beans e -0.32( -0.60, -0.03) 1.08
Winham, 2007b Beans -0.15(-0.45, 0.16) 0.91
Azadbakht, 2007  Soy nuts | -0.01( -0.04, 0.02) 61.25
Bakhtiari, 2019 Soy nuts -0.10( -0.40, 0.21) 0.92
Tischmann, 2022  Soy nuts —r— 0.03(-0.07, 0.13) 7.92
Pittaway, 2006 Chickpeas —_—— -0.04(-0.29, 0.21) 1.41
Overall ¢ 0.00(-0.03, 0.03)
Heterogeneity: T =0.00, 1" = 3.76%, H* = 1.04

I I I Ll T 1
-5-4-3-2-10.1 2 3 4 5
mmol/l

Fig 5. Continued Effect of legume interventionversus control in RCTs. The figures show summary forest plots of pooled mean dif-
ferences between intervention and control in cardiometabolic risk factors: total cholesterol, mmol/L (A), LDL-cholesterol, mmol/L
(B), HDL-cholesterol, mmol/L (C), triglycerides, mmol/L (D), glucose, mmol/L (E), insulin, pmol/L (F), HOMA-IR (G).
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E Mean difference Weight
Study Intervention 95 %Cl (%)

Abeysekara, 2012  Legumes = 0.32(-0.38, 1.02) 3.20
Saraf-Bank, 2016 Legumes < = »-0.11(-0.73, 0.50) 3.88
Cobiac, 1990 Beans -0.03(-0.12, 0.06) 14.24
Doma, 2021 Beans _i— 0.03(-0.08, 0.14) 14.00

Winham, 2007a Beans
Winham, 2007b Beans <

-0.28 (-0.47, -0.09) 11.76

-0.22(-0.53, 0.09) 8.77

Azadbakht, 2007 Soy nuts [ | -0.50( -0.59, -0.41) 14.36
Bakhtiari, 2019 Soy nuts e T -0.51(-0.90, -0.12) 7.01
Nestel, 2004 Chickpeas e -0.20( -0.39, -0.01) 12.02
Pittaway, 2007 Chickpeas = -0.07 (-0.30, 0.16) 10.76
Overall = e -0.19( -0.33, -0.05)

Heterogeneity: T = 0.03, I’ = 82.77%, H' = 5.80

mmol/l
F
Mean difference Weight
Study Intervention 95% Cl (%)
Abeysekara, 2012 Legumes 1.50 ( -25.80, 28.80) 2.71
Mizelman, 2020 female  Legumes L 7.80( -3.34, 18.94) 10.35
Mizelman, 2020 male Legumes -0.60( -19.99, 18.79) 4.83
Doma, 2021 Beans [} -0.40( -1.20, 0.40) 23.58
Winham, 2007a Beans b -6.00( -27.03, 15.03) 4.23
Winham, 2007b Beans « -12.00( -33.03, 9.03) 4.23
Azadbakht, 2007 Soy nuts [ | -8.40( -9.35, -7.45) 23.52
Bakhtiari, 2019 Soy nuts — -18.00( -32.08, -3.92) 7.74
Nestel, 2004 Chickpeas —— -1.80(-12.91, 9.31) 10.39
Pittaway, 2007 Chickpeas L 3.24( -9.98, 16.46) 8.42
Overall <o -3.32( -8.09, 1.45)
Heterogeneity: T = 25.00, |’ = 93.52%, H’ = 15.44
T T |

I I U
30 -20 -10 O 10 20 30

pmal/l

Fig. 5. Continued Effect of legume interventionversus control in RCTs. The figures show summary forest plots of pooled
mean differences between intervention and control in cardiometabolic risk factors: total cholesterol, mmol/L (A), LDL-
cholesterol, mmol/L (B), HDL-cholesterol, mmol/L (C), triglycerides, mmol/L (D), glucose, mmol/L (E), insulin, pmol/L (F),

HOMA-IR (G).

However, the direction of effect in observational studies
was not considered consistent enough to be suggestive
of an association (as in the grading limited — sugges-
tive). Therefore, we judged the evidence for associations
between legume intake and CVD or T2D as limited — no
conclusion.
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Discussion

This comprehensive systematic review and meta-analysis
of both observational and intervention studies is, to our
knowledge, the most recent update on the evidence for
associations between legume intake and CVD and T2D
and their risk factors. While legume RCTs were found
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G

Mean difference  Weight
Study Intervention 95 % Cl (%)
Doma, 2021 Beans ‘ 0.01(-0.01, 0.03) 24.17
Nestel, 2004 Beans - -0.10( -0.58, 0.38) 14.81
Pittaway, 2007 Beans = 0.10(-0.49, 0.69) 12.40
Winham, 2007a  Beans - -0.30(-1.28, 0.68) 6.70

Winham, 2007b  Beans
Azadbakht, 2007  Soy nuts

Bakhtiari, 2019 Soy nuts

Overall
Heterogeneity: T = 0.10, I = 95.84%, H’ = 24.04

- ]

-0.55(-1.54, 0.44) 6.58
-0.60 (-0.67, -0.53) 23.86
-0.90 ( -1.54, -0.26) 11.48

-0.30 ( -0.60, -0.00)

-1

0 5 1

Fig. 5. Continued Effect of legume intervention versus control in RCTs. The figures show summary forest plots of pooled mean dif-
ferences between intervention and control in cardiometabolic risk factors: total cholesterol, mmol/L (A), LDL-cholesterol, mmol/L
(B), HDL-cholesterol, mmol/L (C), triglycerides, mmol/L (D), glucose, mmol/L (E), insulin, pmol/L (F), HOMA-IR (G).

having favorable effects on blood lipids and glycemic
markers, which are risk factors for CVD and T2D (1), this
systematic review found little support, but also little oppo-
sition, for recommending dietary inclusion of legumes for
the purpose of CVD and T2D prevention for healthy gen-
eral populations in the Nordic and Baltic countries. Data
were too limited to draw conclusions about blood pressure
or specific types of legumes. The evidence for associations
between legume intake and CVD or T2D was considered
limited — no conclusion.

Comparison with other reviews and discussion on heterogeneity

Previous systematic reviews and meta-analyses on
legumes have similarly found conflicting evidence, often
considered of low or limited strength. Some, but not all
systematic reviews on observational studies have found
evidence for an association of overall legume intake with
decreased risk of CVD and/or CHD in high versus low
comparison of included studies or dose-response analysis
(28, 29, 82-85). We are not aware of systematic reviews
reporting evidence for an association between legume
intake and stroke (28, 29, 82, 86, 87). Previous system-
atic reviews have also assessed the evidence for specific
types of legumes, notably finding no or some evidence for
soy intake and CVD (88-90). Weak or null associations
between legume intake and T2D have been found (91) and
recently, intakes of tofu, soy protein, and soy isoflavones,
but not total legumes or total soy, were found to be asso-
ciated with lower T2D incidence (92). This is interesting
in the light of our observed differences between effects of
soynut and other legume interventions in crossover trials.
Meta-analyses on RCTs have previously found sugges-
tions of protective effects of diets rich in legumes on TC
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and LDL-cholesterol (93, 94). Another recent systematic
review without meta-analyses on RCTs of legume inter-
ventions found evidence for improvements in blood lipid
profile, blood pressure, inflammation biomarkers, and
other measures resulting from consumption of approxi-
mately 150 g/day of legumes, similar to our finding (95),
while only significant effects of interventions on glycemic
control were found for individuals with established T2D
in another review of RCTs including individuals with or
without T2D or prediabetes (96).

The different findings in the current and some previ-
ous systematic reviews and meta-analyses may depend
on many factors. Combining incidence and mortality
outcomes, combining consumption of soy and other
legumes, and pooling findings for men and women when
reported separately may, for example, potentially result in
heterogeneity in findings where null findings for some may
mask findings for others. For example, in a meta-analysis
from 2017, heterogeneity was considered to be due to null
results of stroke, affecting estimates for total CVD (82).
In our analyses, excluding soynut trials removed nearly all
statistical heterogeneity in intervention studies, while sep-
arating by type of legumes (overall legumes vs. soy) did
not affect heterogeneity in observational studies.

The setting, amounts of legumes consumed and
broader dietary context of legume consumption are other
important factors to consider and need further investi-
gation. A recent meta-analysis found legume intake to
be associated with higher T2D in Europe, mainly driven
by studies from Germany, UK, and Sweden; but there
is no evidence of associations between legume intake
and T2D in the Americas, Eastern Mediterranean, and
Western Pacific (91). Interestingly, in our analyses on
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Table 2. Summary of findings

Legume consumption and cardiometabolic disease

Outcome Study type Studies total ~ Exposure Association/ Meta-analysis Heterogeneity Risk of Evidence
(nincluded in  (n studies) effect results (12) bias assessment
meta-analysis) (n studies) (n studies)

CVD Observational 12 (9) Legumes (8) T 0.95 (0.86, 40.70% Moderate: Mixed

Soybeans (4) 13 1.06) | 10 findings, in
-8 No clear Serious:2  favor of null
dose-response association

CHD Observational 11 (10) Legumes (9) 10 1.00 (0.95, 0.00% Moderate: In favor

Soybeans (2) 10 1.05) | 10 of null
o |1 No clear Serious: | association
dose-response

Stroke Observational 9 (9) Legumes (7) 10 0.98 (0.91, 16.03% Moderate: In favor

Soybeans (2) L1 1.05) 1 9 of null
8 No clear association
dose-response

T2D Observational 10 (9) Legumes (9) T 0.90 (0.77, 88.37% Moderate: Mixed

Soybeans (I) 14 1.06) | 8 findings, in
5 No clear Serious:2  favor of null
dose-response association

Total Interventions 14 (13) Mixed (4) 10 -0.22 (-0.32, 75.48% Low: 3 Suggestions

cholesterol Beans (5) 18 -0.13) mmol/L Some of a protec-

Soy-nuts (3) ) 2 concern: tive effect
Chickpeas (1) 10
Pinto/black eyed (1) Ciritical: |
LDL- Interventions 12 (12) Mixed (3) 10 -0.19 (-0.27, 51.62% Low:3 Suggestions
cholesterol Beans (4) 18 -0.11) mmol/L Some of a protec-
Soy-nuts (3) 4 2 concern:9 tive effect
Chickpeas (1)
Pinto/black eyed (1)
HDL- cho-  Interventions 13 (13) Mixed (4) 12 -0.04 (-0.09, 84.16% Low: 3 In favor of no
lesterol Beans (4) 10 0.01) mmol/L 2 Some effect
Soy-nuts (3) oIl concern:
Chickpeas (1) 10
Pinto/black eyed (1)
Triglycerides Interventions 13 (12) Mixed (3) 10 0.00 (-0.03, 3.76% Low:3 In favor of no
Beans (5) L0 0.03) mmol/L 2 Some effect
Soy-nuts (3) 13 concern: 9
Chickpeas (1) Critical: |
Pinto/black eyed (1)
Glucose Interventions 10 (10) Mixed (2) 10 -0.19 (-0.33, 82.77% Low:2 Mixed find-
Beans (3) 11 -0.05) mmol/L Some ings, some
Soy-nuts (2) 9 2 concern:8 suggestions
Chickpeas (2) of a protec-
Pinto/black eyed (1) tive effect
Insulin Interventions 9 (9) Mixed (2) 10 -3.32 (-8.09, 93.52% Low:2 Mixed
Beans (2) L1 1.45) pmol/L 2 Some findings, no
Soy-nuts (2) 8 concern:7  conclusion
Chickpeas (2)
Pinto/black eyed (1)
HOMA-IR Interventions 7 (7) Mixed (0) 10 -0.30 (-0.60, 95.84% Low: 2 Mixed find-
Beans (2) 12 -0.00) 2 Some ings, some
Soy-nuts (2) 5 concern:7  suggestions
Chickpeas (2) of a protec-
Pinto/black eyed (1) tive effect
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Table 2. (Continued)

Outcome Study type Studies total ~ Exposure Association/ Meta-analysis Heterogeneity Risk of Evidence
(nincluded in  (n studies) effect results (12) bias assessment
meta-analysis) (n studies) (n studies)

Systolic Interventions 2 (0) Mixed (I) 10 - - Some No

blood Soy-nuts (1) 10 concern conclusion

pressure 2 )

Diastolic Interventions 2 (0) Mixed (1) 10 - - Some No

blood Soy-nuts (1) 10 concern conclusion

pressure 2 (2)

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease; HOMA-IR, homeostatic model assessment for insulin resistance; T2D, type

2 diabetes;
IRR (95% Cl), comparing high vs. low consumption
2Mean difference (95% Cl), comparing intervention vs. control

legume consumption and T2D, the studies with relative
risks >1.10 were from the USA, while the studies with
RR <0.65 were from Iran, China and Spain (a popula-
tion consuming a Mediterranean-style diet). Residual
confounding may be one source of this difference, for
example, different overall dietary patterns and cooking
methods of legumes (91), confounding by other compo-
nents in the diet [e.g. consumption of legumes as parts
of meat-based meals in Western Europe (97) and possibly
the USA versus consumption of legumes with olive oil in
the Mediterranean region (98)].

Strengths and limitations
The main strength of this review is the established process
for undertaking robust systematic reviews. A priori, the
NNR 2022 Committee established criteria for the prior-
itization and selection of systematic review topics. Prior
to undertaking the review, we developed and registered a
detailed protocol to enhance transparency in the review
process (12, 13). We searched four leading electronic data-
bases to identify relevant studies on the review topic, these
databases cover most of the literature in medicine and
public health. The search was updated before publication,
to be as up to date as possible. In addition to this com-
prehensive database search, we screened reference lists
from included articles and relevant systematic reviews for
additional potentially eligible studies. We included nine
articles from this additional search, which may seem high,
but we believe that it can all be explained by the exposure
characterization, as legumes were often explored as a sub-
group of vegetables, thus not mentioned in title/abstract.
After our thorough article searching, we consider it
unlikely that we missed any relevant literature, although it
cannot be excluded. The review processes were rigorously
implemented, with independent assessments taken at each
stage, including literature screening and data extraction.
All observational studies were classified as having either
moderate or serious RoB. The RCTs were classified as
having low or some concerns for RoB, with the exception
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for the non-randomized trial. The RoB assessment tool
we used for cohort studies is more appropriate for eval-
uating causality than commonly used summary score-
based quality appraisal tools, and since it partly assesses
whether a cohort study mimics a RCT, it is very difficult
for a study to get a low RoB. That being said, most of
the included cohort studies were prone to some of the
limitations inherent in many observational epidemiologic
studies, including risk of residual confounding and risk
associated with selection of participants into the study
and drop-outs. We found in general no significant differ-
ences between studies with different sources of funding.
However, it should be recognized that almost all RCTs
had private or mixed private/public funding.

Since another systematic review by the same authors
examined the evidence for whether replacing animal
protein with plant protein reduces risk of CVD and
T2D, substitution effects were not considered in the
current review. Therefore, the comparison in observa-
tional studies was done on different exposure amounts,
which sometimes needed to be estimated and are in
general sensitive to risk of misclassification of expo-
sure status and possibilities of change in exposure
status. Findings from RCTs were mostly based on con-
sumption of >120 g/day of legumes or specific types
of legumes, which is very high considering the low con-
sumption seen in the Nordic countries (9, 10).

Conclusion and public health relevance

Overall, the findings from this systematic review and
meta-analysis were mixed, and evidence from observa-
tional studies, generally with low legume consumption,
was suggestive of null associations. However, protec-
tive effects seen in RCTs on established risk factors for
CVD and T2D lend some support for recommending
legume consumption as part of a diverse and healthy
dietary pattern for CVD and T2D prevention in healthy
general populations in the Nordic and Baltic countries.
Even though the effect sizes seemed clinically small,
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they may still be relevant in a life-course perspective on
the population level (99). It should be noticed that the
amounts of legumes were commonly higher in RCTs
(>120-150 g/day legumes) than the mean in the highest
intake category in cohort studies. Although the current
intake in some Western countries may possibly be higher
than what was commonly consumed in the cohort stud-
ies included in this review, we believe that intervention
trials exploring effects of lower consumption levels on
cardiometabolic biomarkers would be of public health
relevance. Although the evidence for associations between
legume intake and CVD or T2D was graded as limited —
no conclusion, we consider the current results will inform
the updated recommendations in the 2022 edition of
NNR, which was the primary purpose of the review.
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