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Summary

Nuts are recommended for cardiovascular health, yet concerns remain that nuts may

contribute to weight gain due to their high energy density. A systematic review and

meta-analysis of prospective cohorts and randomized controlled trials (RCTs) was

conducted to update the evidence, provide a dose–response analysis, and assess dif-

ferences in nut type, comparator and more in subgroup analyses. MEDLINE,

EMBASE, and Cochrane were searched, along with manual searches. Data from eligi-

ble studies were pooled using meta-analysis methods. Interstudy heterogeneity was

assessed (Cochran Q statistic) and quantified (I2 statistic). Certainty of the evidence
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was assessed by Grading of Recommendations Assessment, Development, and Evalu-

ation (GRADE). Six prospective cohort studies (7 unique cohorts, n = 569,910) and

86 RCTs (114 comparisons, n = 5873) met eligibility criteria. Nuts were associated

with lower incidence of overweight/obesity (RR 0.93 [95% CI 0.88 to 0.98]

P < 0.001, “moderate” certainty of evidence) in prospective cohorts. RCTs presented

no adverse effect of nuts on body weight (MD 0.09 kg, [95% CI �0.09 to 0.27 kg]

P < 0.001, “high” certainty of evidence). Meta-regression showed that higher nut

intake was associated with reductions in body weight and body fat. Current evidence

demonstrates the concern that nut consumption contributes to increased adiposity

appears unwarranted.

K E YWORD S

body weight, meta-analysis, nuts, systematic review

1 | INTRODUCTION

Obesity remains a serious unmet public health concern, especially as

it has been identified during our current coronavirus pandemic

circumstances as one of the strongest risk factors for COVID-19 mor-

bidity and mortality.1 Having increased adiposity is also a major driver

of diabetes and cardiovascular disease. Over the past three decades,

the body of evidence from epidemiologic studies and controlled trials

has grown supporting the consumption of nuts for cardiometabolic

health benefits, such as diabetes,2 metabolic syndrome,3 and cardio-

vascular disease.4,5 Accordingly, major dietary guidelines,6–10 as well

as clinical practice guidelines for diabetes and heart disease, have

recommended nuts alone or as part of dietary patterns such as

the Mediterranean, Portfolio, vegetarian/plant-based, and Dietary

Approaches to Stop Hypertension (DASH) dietary patterns for diabe-

tes and cardiovascular health.11–15 Despite these recommendations,

concerns persist that nuts may contribute to weight gain due to their

high energy density.6 With the rise in overweight and obesity and its

downstream cardiometabolic complications, cardiovascular and diabe-

tes associations and recommendations have cautioned against the

over consumption of nuts at the same time that they recommend

them, at doses ranging from approximately 1 to 1.5 ounces per day

(�28 to 42.5 g/day), for cardiovascular disease prevention.14,16–19

Even though the prevalence of nut intake has gradually increased over

the past decade, predominately in middle to high-income economies,

the intake levels have remained well below guideline recommenda-

tions.20 One of the barriers to increasing the consumption of nuts is

the perception that they may contribute to weight gain more than

other “healthy foods” owing to their high energy density.21-24 Based

on their macronutrient composition and Atwater factor kilocalorie

determinations, tree nuts and peanuts are high in fat providing more

than 40% of their total energy content, ranging from �44% in

pistachios and cashews to �76% in macadamia,25–34 and hence, there

is concern that this leads to high caloric intake.

Whether nut intake at or above recommended levels contributes

to weight gain and leads to obesity, and if this is affected by subsets

of populations, nut intervention characteristics or study traits are

unclear. Previous syntheses of the evidence have assessed the best

evidence from prospective cohort studies35 and randomized con-

trolled trials (RCTs).36,37 While these two lines of evidence failed to

show an adverse signal of nuts, the data in prospective cohort studies

and several important adiposity outcomes in RCTs were not meta-

analyzed and dose–response relationships and the certainty of

evidence were not assessed.

To address these knowledge gaps, a series of systematic reviews

and meta-analyses were conducted assessing global and abdominal

measures of adiposity in prospective cohorts and RCTs with an

assessment of the certainty of the evidence using the Grading of

Recommendations Assessment, Development, and Evaluation

(GRADE) approach.

2 | METHODS

These systematic reviews and meta-analyses followed the Cochrane

Handbook for Systematic Reviews of Interventions.38 Results are

reported in accordance with the Meta-analyses of Observational

Studies in Epidemiology (MOOSE) guidelines for the analysis of

prospective cohorts39 (Table S1) and the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

for controlled trials40 (Table S2). The protocol is registered at

ClinicalTrials.gov (identifier, NCT02654535).

2.1 | Study selection

MEDLINE, EMBASE, and the Cochrane Central Register of Controlled

Trials were searched from inception through August 12, 2019. The full

set of terms used for the search strategy is available in Table S3.

Manual searches of the reference lists of included studies

supplemented electronic searches. Table S4 provides the PICOTS

framework of the search strategy.
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Briefly, search terms encompassed those specifying the exposure

and outcomes. The exposure included tree nuts (one-seeded fruit in a

hard shell, including almonds, Brazil nuts, cashews, hazelnuts,

macadamia nuts, pecans, pine nuts, pistachios, and walnuts) and

peanuts (technically a member of the legume family but sharing a

similar nutritional profile with tree nuts), herein referred to collectively

as “nuts.” Outcomes were measures of adiposity, including, but not

limited to overweight, obesity, body weight, body mass index (BMI),

and waist circumference. Reports were included if they were a pro-

spective cohort or RCT investigating nut consumption on adiposity

related outcomes in adults (men and nonpregnant, nonbreastfeeding

women ≥18 years). For prospective cohort studies the duration had to

be at least 1 year, and for the trials the intervention had to be given in

a randomized manner for at least 3 weeks in comparison with a con-

trol. No language restrictions were applied. Reports were excluded if

they did not include consumption of the whole nut or nut butters

(i.e., nut oils or extracts), were not done in humans, or did not provide

suitable endpoint data. When multiple publications existed for the

same study, the article with the most applicable information and lon-

gest duration was included.

2.2 | Data extraction

Two reviewers (SKN and EV or SBM) independently reviewed and

extracted relevant data from each report, including study design,

blinding, sample size, participant characteristics, follow-up duration,

intervention (nut type and dose), comparator diet, macronutrient

profile, funding source, and outcome data using standardized

proformas. Where data were presented in a language other than

English, the assistance of a translator was utilized. Where data were

included in figures and not provided numerically, data were

extracted using the software program Plot Digitizer V.2.6.8.41

Missing information for any endpoint or study details were

requested from the authors of all included studies and published

abstracts where applicable. Disagreements in data extracted were

resolved by consensus.

2.3 | Outcomes

The primary outcomes were incidence of overweight or obesity in

prospective cohort studies and body weight in RCTs. Secondary out-

comes included markers of global adiposity (body weight [prospective

cohort studies only], BMI, and body fat percentage) and abdominal

adiposity (waist circumference, waist-to-hip ratio, and visceral adipose

tissue). Change from baseline differences was preferred over end

differences and expressed as mean ± standard deviation (SD). When

not provided, between treatment differences in change-from-baseline

or end differences were calculated by subtracting means (Mean

differences [MDs]), and SDs were calculated from the available data

using published formulas.38

2.4 | Risk of bias assessment

Risk of bias for each included cohort and trial was assessed by two

independent reviewers with differences resolved by consensus. The

Newcastle–Ottawa Scale (NOS) was used to assess the risk of bias in

prospective cohorts and the Cochrane Risk of Bias tool was used to

assess RCTs.42,43

The NOS for prospective cohorts is a rating scale which awards

points based on cohort selection, adequacy of outcome measures, and

comparability of cohorts regarding design or analysis.42 A maximum of

9 points may be awarded, with a score of 6 or more being considered

higher quality.

For the Cochrane Risk of Bias tool for RCTs, the assessment was

done across five domains of bias (sequence generation, allocation con-

cealment, blinding, incomplete outcome data, and selective reporting).

The risk of bias was assessed as low (proper methods taken to reduce

bias), high (improper methods creating bias), or unclear (insufficient

information provided to determine the bias level).43

2.5 | Data synthesis and analysis

Data analyses were conducted using Review Manager (RevMan) V.5.3

(Copenhagen, Denmark: The Nordic Cochrane Centre, The Cochrane

Collaboration, 2014) and Stata V.16 (College Station, TX,

StataCorp LP).

Risk ratios (RRs) and MDs were pooled, as applicable, for the pro-

spective cohort studies comparing highest versus lowest dose catego-

ries from the most adjusted models for nut consumption and MDs for

the RCTs using the generic inverse variance method. Standardized

mean differences (SMD) were utilized to standardized results to a

uniform scale, such as for studies where the outcome was measured

using different methods and nonconvertible units and for summary

forestplots of the pooled effect estimates. Random-effects

DerSimonian–Laird models44 were used even in the absence of statis-

tically significant between-study heterogeneity, as they yield more

conservative summary effect estimates in the presence of residual

heterogeneity. Fixed-effects models were only used where there were

<5 included studies as there is too little information to estimate τ2

reliably.45 Paired analyses were applied for crossover trials.

If nut intake was reported as servings per period of time, it was

converted into grams per day using 28 g as equivalent to one serving

in the prospective cohort studies.6 The assigned dose was considered

as the mean consumption in each quantile of nut consumption. If the

assigned doses were not reported, the mean dose was approximated

for each quantile using the midpoint of the lower and upper bounds,

with “never/almost never” being considered as 0 g/day. If the lowest

and highest dose categories of a study were ≤ and ≥, respectively, the

equivalent value was considered the dose of the category. When

cohort person-year per category was not available, categories were

regarded as equal in size and follow-up, and the case number per

category was obtained by Bekkering's method.46 Data were expressed
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as RRs or MDs with 95% confidence intervals (CI) for the prospective

cohort studies and MDs with 95% CIs for the RCTs.

Dose–response meta-regression analyses were conducted to

explore the relationship between nut dose (g/day) and all outcomes.

Continuous linear dose–response gradients were assessed using meta-

regression and nonlinear dose–response thresholds using spline curve

modeling by MKSPLINE or a fractional polynomial procedure. Categori-

cal dose–response analyses were assessed at the median intake level of

≥45.5 g/day, which is comparable to the qualified health claim dose

≥42.5 g/day (based on the Food and Drug Administration [FDA]

amount noted in the cardiovascular disease risk reduction claim17).

Interstudy heterogeneity was assessed by the Cochran Q statistic

and quantified by the I2 statistic, where I2 ≥ 50% and P < 0.10 was

considered evidence of substantial heterogeneity. Sources of hetero-

geneity were explored using sensitivity and subgroup analyses. Sensi-

tivity analyses were performed in which each individual study

(prospective cohort study or RCT) was removed from the meta-

analyses and the effect size recalculated with the remaining studies to

determine whether a single study exerted an undue influence on the

overall results. Sensitivity analyses were also undertaken using corre-

lation coefficients of 0.25, 0.50, and 0.75 for paired analyses of cross-

over trials and fixed-effects meta-analyses to determine whether the

overall results were robust to the use of different models. A priori

subgroup analyses (categorical and continuous) were conducted, using

meta-regression if ≥10 studies per outcome were available, for nut

type, nut dose, feeding control, comparator, energy balance, study

design, duration of follow-up, health status, and risk of bias. Post hoc

subgroup analyses were conducted for trials by weight goal (weight

loss and weight maintenance), energy intake, and funding source. Cat-

egorical subgroup analyses were carried out using median values

where applicable. Post hoc analyses for the prospective cohorts were

conducted using the unadjusted models, specifically models not

adjusting for energy intake, where applicable.

Publication bias was assessed, if ≥10 studies were available, by

visual inspection of funnel plots and formal testing with the Egger47

and Begg48 tests. If publication bias was suspected, adjustment for

funnel plot asymmetry was done by imputing missing study data using

the Duval and Tweedle trim-and-fill method.49

2.6 | Grading of the evidence

The GRADE approach was used to assess the certainty of the evi-

dence.50 The evidence was graded as “high,” “moderate,” “low,” or

“very low” certainty. Prospective cohort studies start as “low” cer-

tainty and RCTs as “high” certainty of evidence by default and can be

downgraded or upgraded further based on prespecified criteria.

Criteria to downgrade evidence include risk of bias (weight of reports

show risk of bias as assessed by NOS < 6 for prospective cohort stud-

ies or Cochrane Risk of Bias tool for trials), inconsistency (substantial

unexplained inter-study heterogeneity, I2 > 50%; P < 0.10), indirect-

ness (limited generalizability of the findings), imprecision (the 95% CI

for estimates are wide, crossing prespecified minimally important

differences [MIDs]), and publication bias (evidence of small-study

effects). Criteria to upgrade evidence include a large magnitude of

association, dose–response gradient, and attenuation of the pooled-

risk estimate by plausible confounders.50

3 | RESULTS

3.1 | Search results

Figure 1 shows the flow of the literature. The search identified 6244

reports, of which 5795 were excluded based on review of title and

abstract. The remaining 449 reports were retrieved and reviewed in

full, of which 357 were excluded. A total of 92 reports containing data

from 7 unique prospective cohorts (6 reports) involving 569,910

participants51–56 and 86 RCTs involving 114 trial comparisons

involving 5873 participants57–142 met eligibility criteria and were

included in the analyses. Authors from seven trials provided additional

data for inclusion in the syntheses.68,71,75,78,102,142,143

3.2 | Study characteristics

Tables 1 and S5 show the characteristics of the included prospec-

tive cohort studies. The studies came from the United States52,55,56

and 10 countries in Europe.51,53,54 The median age was 48.1 years

(range 37.3 to 55.0 years). Median follow-up was 18 years (range

2.3 to 24 years). Dietary intake assessments were performed with

validated semiquantitative food frequency questionnaires in all

studies, while one cohort used a combination of semiquantitative

food frequency questionnaire and/or validated 7-day food record

depending on the country.54 Median nut intake at baseline in the

highest quantiles of consumers was estimated at 7 g/day ranging

from 3 to 28 or more g/day. Ascertainment of adiposity measures

was self-reported in all but one cohort54 where body weight and

height were measured by the study center. All studies were funded

by agency alone, except one report which was funded by agency

and agency-industry.

Table S6 shows the confounding variables included in the most

adjusted models for each of the included prospective cohort studies.

The median number of variables in the most adjusted models was

11 (range 7–20) based on the 5 reports where information was avail-

able. Fifty percent of the cohort reports adjusted for the confounding

variable of energy intake.

Tables 2 and S7 show the characteristics of the included RCTs.

All RCTs were conducted in outpatient settings where noted, with the

majority (43.9%) conducted in the United States. Trials had a median

follow-up duration of 8 weeks (range: 3 to 104 weeks), a slightly

higher distribution of women (58%) compared to men (42%), and

more than half used a parallel design (54/86 trials). Most of the trials

recruited participants with overweight or obesity (34 trial

comparisons); there was also representation from participants free

from chronic disease (26 trial comparisons) and other cardiometabolic

health conditions. Median baseline (range) values for body weight and
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BMI were 81.0 kg (49.7 to 111.2 kg) and 29.2 kg/m2 (19.9 to 38.4 kg/

m2), respectively.

3.2.1 | Risk of bias

Table S8 shows the NOS risk of bias assessments for the included

prospective cohort studies. Three of the 6 prospective cohort

reports were scored as ≥6 on the NOS scale, denoting high-quality

studies. Overall, there was evidence of serious risk of bias across

the studies.

Figure S1 shows the Cochrane Risk of Bias assessments for the

included RCTs, with the overall risk of bias proportions presented in

Figure S2. The majority of trial comparisons were judged as having

unclear or low risk of bias across domains. Overall, there was no

evidence of serious risk of bias across the studies.

3.2.2 | Association of nut intake with incident
overweight/obesity and measures of global adiposity

Figures 2A,B and S3–S5 show the association of nut consumption with

incident overweight/obesity and measures of global adiposity in five

prospective cohort studies involving 520,331 participants. Higher nut

intake was associated with a decrease in the primary outcome of over-

weight/obesity incidence (RR 0.93 [95% CI 0.88 to 0.98], P < 0.01; sub-

stantial heterogeneity, I2 = 90.0%, P-heterogeneity < 0.01). Similarly,

higher nut consumption was associated with weight loss (MD �0.46 kg

[95% CI �0.78 to �0.13 kg], P < 0.01; substantial heterogeneity,

I2 = 95.9%, P-heterogeneity < 0.01) and reduced risk of weight gain ≥

5 kg (RR 0.95 [95% CI, 0.94 to 0.96], P < 0.01; no substantial heteroge-

neity, I2 = 46.7%, P-heterogeneity = 0.15). Pooled analyses from the

least adjusted models (i.e., models not adjusting for energy intake)

assessing body weight change indicate that higher nut consumption

F IGURE 1 Summary of
evidence search and selection
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was associated with weight loss (MD �0.64 kg [95% CI �1.12 to

�0.15 kg]). Only one cohort provided data from unadjusted models for

overweight/obesity incidence and risk of weight gain ≥ 5 kg, indicating

no association with higher nut consumption.51

3.2.3 | Association of nut intake with measures of
abdominal adiposity

Figures 2A and S6 show the association of nut intake with measures

of abdominal adiposity in 2 prospective cohorts involving 1297 partic-

ipants. Nut intake was associated with a lower risk of an elevated

waist circumference ≥94 cm for men and ≥80 cm for women.

(RR 0.72 [95% CI 0.65 to 0.80]; P < 0.01; no substantial heterogene-

ity, I2 = 62.3%, P-heterogeneity = 0.10).

3.2.4 | Effect of nut intake on body weight and
measures of global adiposity

Figures 3 and S7–S9 show the effect of nuts on markers of global adi-

posity in the RCTs. There was no effect of nuts compared with control

on the primary outcome body weight (105 trial comparisons involving

9655 participants, MD 0.09 kg, [95% CI �0.09 to 0.27 kg], P = 0.340;

substantial heterogeneity, I2 = 63.2%, P-heterogeneity < 0.01). No

effect was also seen on BMI (90 trial comparisons involving 4783

participants, MD �0.04 kg [95% CI �0.12 to 0.05 kg], P = 0.411; sub-

stantial heterogeneity, I2 = 32.7%, P-heterogeneity < 0.01) or body

fat (14 trial comparisons involving 2345 participants, MD �0.05%

[95% CI �0.42 to 0.31%], P = 0.77; substantial heterogeneity,

I2 = 77.04%, P-heterogeneity < 0.01).

3.2.5 | Effect of nut intake on measures of
abdominal adiposity

Figures 3 and S10–S12 show the pooled effect estimates for the

markers of abdominal adiposity in the RCTs. There was no effect of

nuts compared with control on waist circumference (58 trial compari-

sons involving 3689 participants, MD 0.03 cm [95% CI �0.09

to 0.15 cm], P = 0.637; substantial heterogeneity, I2 = 69.7%,

P-heterogeneity < 0.01), waist-to-hip ratio (14 trial comparisons

involving 1,020 participants, MD �0.01 [95% CI �0.04 to 0.01],

P = 0.312 substantial heterogeneity, I2 = 84.1%, P-heterogeneity

< 0.01), or visceral adipose tissue (9 trial comparisons involving

493 participants, SMD �0.59 [95% CI �1.32 to 0.14], P = 0.114;

substantial heterogeneity, I2 = 64.7%, P-heterogeneity < 0.01).

3.3 | Dose response analyses

Figure S13 shows the continuous linear and nonlinear dose response

analyses in the prospective cohort studies. There was evidence of an

inverse linear dose–response gradient for overweight/obesity, weight

gain (≥5 kg), and waist circumference incidence (P < 0.05). With evi-

dence of a nonlinear dose–response threshold for overweight/obesity

incidence with a decrease until 4 g/day followed by a plateau and for

waist circumference incidence, there was no significant effect up to

17 g/day with a reduction at 18 g/day onward (P > 0.05). Categorical

dose response analyses were not undertaken for the prospective

cohorts, as <10 studies were available for analyses.

Table S9 and Figure S14 show the continuous linear and

nonlinear dose response analyses and Figures S15–S19 show the cat-

egorical dose response analyses in the RCTs. Continuous analyses

showed that higher nut doses were associated with reductions in

body weight (ß �0.012 [95% CI �0.024 to �0.001], P = 0.04) and

body fat (ß �0.035 [95%CI �0.058 to �0.013], P < 0.01).

3.4 | Sensitivity analyses

Table S10 and Figures S20–S23 show the sensitivity analyses for the

prospective cohort studies. For overweight/obesity incidence,

the removal of the Adventist Health Study-2 (AHS-2)52 involving

>50% vegetarian participants, reduced the heterogeneity from sub-

stantial to nonsubstantial (I2 = 14%, P-heterogeneity = 0.32) without

altering the direction, significance, or magnitude of the pooled-risk

estimate (RR 0.96 [95% CI 0.95 to 0.98], P < 0.001). No other

TABLE 1 Summary of characteristics of prospective cohort
studies assessing the association between tree nuts and peanut intake
and overweight/obesity risk and measures of adiposity

Cohort characteristica

Number of cohorts 7

Participantsb 569,910

Males:Females (%) 26:74

Age (years) (range) 48.1 (37.3 to 55.0)

Baseline body weight (kg)c 68.0 (62.7 to 83.0)

Baseline BMI (kg/m2)d 24.7 (18.1 to 26.0)

Follow-up duration (years) (range) 18.0 (2.3 to 24.0)

Setting (frequency)

Europe 3

United States 4

Nut types (frequency)

Tree nuts and peanuts 6

Walnuts, almonds, hazelnuts, peanuts 1

Nut dose (g/day) 7 (3 to 28)

aMedian, unless otherwise indicated.
bWhen multiple reports of the same cohort were present, the total

number of participants was calculated using the number from the cohort

report with the largest number of participants as an effort to avoid double

counting.
c4/7 cohorts reported baseline body weight (kg).
d6/7 cohorts reported baseline BMI (kg/mb).
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TABLE 2 Summary of characteristics of randomized controlled
trials assessing the association between nut intake and measures of
adiposity (continued on next page)

Trial characteristica

Number trials (unique reports:

comparisons)

86:114

Trial size (range) 49 (9 to 317)

Study design (C:P) (%)b 37:63

Setting (IP:OP:NR) (%) 0:99:1

Follow-up duration (weeks) (range) 8 (3 to 104)

Male:Female (%)c 41:59

Age (years)d 50 (18 to 69.3)

Baseline body weight (kg)e 81.0 (49.7 to 111.2)

Baseline BMI (kg/m2)f 29.2 (19.9 to 38.4)

Health status (frequency)

Dyslipidemia 13

Healthy 26

Overweight/obese 34

Diabetes 23

Metabolic syndrome 13

Coronary heart disease 2

Multiple 4

Country (frequency)

Australia 8

Brazil 5

Canada 4

China 4

France 1

Germany 1

India 3

Iran 4

Israel 1

Italy 5

Japan 2

Korea 4

Multiple countries 1

New Zealand 6

Pakistan 2

South Africa 2

Spain 7

Sweden 1

Taiwan 1

Turkey 1

United States 50

Not reported 1

Trial characteristica

Nut type (frequency)

Almonds 33

(Continues)

TABLE 2 (Continued)

Trial characteristica

Brazil nut 1

Cashew nut 4

Hazelnut 6

Macadamia 3

Mixed nuts 10

Nuts, undefined 3

Peanuts 6

Pecans 3

Pistachios 13

Walnuts 32

Nut dose (g/day) (range) 45.5 (5 to 100)

Intervention type (frequency)

Metabolically controlled 16

Controlled feeding 2

Supplemented 88

Dietary advice 5

Not reported 3

Energy balance (frequency)

Negative 15

Neutral 80

Positive 8

Not reported 11

Comparator (frequency)

Carbohydrate 28

Fat 20

Protein 4

Mixed macronutrient 43

No nuts 19

Designed for weight maintenance (frequency)

Yes 34

No 73

Not reported 7

Funding source (%)

Agency 18.4

Agency-industry 29.0

Industry 39.5

None reported 13.2

Abbreviations: BMI, body mass index; C, crossover; IP, inpatient; N,

number; NR, not reported; OP, outpatient; P, parallel.
aMedian, based on the 114 trial comparisons, unless otherwise indicated.
bBased on the 86 trial reports. This value did not significantly differ from

trial comparisons (34:66).
c111/114 trial comparisons provided data on sex.
d108/114 trial comparisons provided data on baseline age.
e98/114 trial comparisons provided data on baseline body weight.
f101/114 trial comparisons provided data on baseline BMI.
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sensitivity analyses altered the direction, significance, or magnitude of

the pooled-risk estimates or the evidence of heterogeneity. In the

sensitivity analyses where fixed effects models were applied to

the outcomes of overweight/obesity incidence and body weight

change and where random-effects models were applied to the out-

comes of weight gain (≥5 kg) incidence and waist circumference

incidence, the direction, magnitude, and significance of the pooled

estimates remained comparable to those produced by the original

models applied.

Tables S11 and S12 and Figures S24–S29 show the sensitivity

analyses for the RCTs. In the sensitivity analysis of visceral adipose

tissue, one trial79 was influential in that its removal nonsignificantly

altered the magnitude of the pooled effect in the remaining trials by

>10% and reduced the heterogeneity to no longer be significant

(I2 = 0%, P-heterogeneity = 0.473). Sensitivity analyses using correla-

tion coefficients of 0.25 and 0.75 for paired analyses of crossover tri-

als in the meta-analyses of RCTs also did not significantly modify the

results. In the sensitivity analyses where fixed effects models were

applied, the direction, magnitude, and significance of the pooled esti-

mates remained comparable to those produced by the random-effects

models, with the exception of a significant reduction observed in

body weight (MD �0.19 kg [95% CI �0.24 to �013 kg] P < 0.01;

I2 = 63.2%, P-heterogeneity<0.01) and significant reductions with nut

consumption observed in body fat (MD �0.13% [95% CI �0.24 to

�0.01%], P = 0.03; I2 = 77%, P-heterogeneity<0.01) and waist-to-hip

ratio (MD �0.02 [95% CI �0.03 to �0.01], P = <0.01; I2 = 84%, P-

heterogeneity<0.01) in the RCTs.

3.5 | Subgroup analyses

We did not conduct a priori subgroup analyses for any outcomes in

the prospective cohort studies, as <10 studies were available for

analyses.

F IGURE 2 (A) Summary of the pooled effect estimates of prospective cohort studies assessing the association between tree nut and peanut
intake and adiposity incidence outcomes, with GRADE assessment. (B) Summary of the pooled effect estimates of prospective cohort studies
assessing the association between tree nut and peanut intake and body weight change outcome, with Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) assessment
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Figures S15–S19 and S30–S34 show the categorical a priori and

post hoc subgroup analyses in the RCTs. Subgroup analyses were not

conducted for visceral adipose tissue, as <10 studies were available

for analyses. The categorical analyses indicated a significant effect

modification by nut type for body weight (higher for walnuts and pea-

nuts), for body fat (higher for macadamia), for waist circumference

(lower for almonds, Brazil nuts; higher for pistachios), feeding control

for body fat (higher for dietary advice), comparator for body fat

(higher for no nuts), energy balance for body weight (higher for posi-

tive or not reported), BMI (lower for not reported and higher for

neutral), waist-to-hip ratio (lower for negative energy balance), design

for waist circumference (higher for cross-sectional); health status for

BMI (higher in participants with prediabetes), waist circumference

(lower in participants who have overweight/obesity; higher for partici-

pants who are healthy or have prediabetes), intended weight mainte-

nance for waist circumference (lower for reports where weight

maintenance was not reported), and funding source for BMI and waist

circumference (higher for those with industry funding) (P < 0.05).

None explained the evidence of heterogeneity. Exploratory analyses

comparing location where the trial was conducted by continent, as

well as characteristics of the nut interventions, specifically whether

they were salted, unsalted or mixed and roasted, raw or mixed

showed no differences (data not shown).

3.6 | Publication bias

Publication bias was not assessed for any outcomes in the prospective

cohort studies, as <10 studies were available for analyses.

Figure S35 shows the funnel plots for body weight, BMI, body

fat, waist circumference, and waist-to-hip ratio. No evidence of

publication bias was seen for BMI, body fat, and waist-to-hip ratio.

There was evidence of small-study effects for body weight by the

Egger's test and waist circumference for the Begg's test (P < 0.05).

Figure S36 shows the investigation of these effects by Trim-and-Fill

analysis indicated no meaningful change to effect estimates.

3.7 | GRADE assessment

Table S13 shows that for the prospective cohort meta-analyses, the

overall certainty of the evidence for the association of nut consump-

tion was graded as “moderate” for overweight/obesity incidence,

weight gain (≥5 kg) incidence, waist circumference incidence of

increasing ≥94 cm for men and ≥80 cm for women owing to an

upgrade for dose–response and “very low” for body weight change

owing to downgrades for inconsistency and risk of bias.

Table S14 shows the certainty of evidence for meta-analyses of

RCTs was graded as “high” for BMI, as well as “high” for body weight,

body fat owing to a downgrade for inconsistency and an upgrade for

a dose–response gradient, and “moderate” for waist circumference,

waist-to-hip ratio, and visceral adipose tissue owing to a downgrade

for inconsistency (I2 > 50%, P-heterogeneity <0.01).

4 | DISCUSSION

The present systematic review and meta-analysis of nut consumption

and adiposity involving six prospective cohort studies and 86 RCTs

(114 trial comparisons) did not illustrate an increased risk of over-

weight/obesity or raise other measures of adiposity studied in adults.

Based on the long-term findings from the prospective cohort

studies, a significant inverse association was observed across out-

comes assessed. These findings align with those proposed by the

systematic review of prospective studies by Eslami and colleagues.35

Suggesting that nut consumption may have a protective effect on risk

F IGURE 3 Summary of the pooled effect estimates of randomized controlled trials assessing the association between tree nut and peanut
intake and adiposity outcomes, with Grading of Recommendations Assessment, Development, and Evaluation (GRADE) assessment
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of adiposity accumulation. This is further supported by the results of

the present aggregate analyses from the RCTs, which showed a lack

of a causal effect of nut consumption on the reported measures of

adiposity. Previous systematic reviews and meta-analyses of trials

involved differing inclusion and exclusion criteria yet showed similar

findings in regard to a lack of effect of nut consumption on body

weight, BMI, or waist circumference.36,37 The lack of effect of nut

consumption on waist circumference is further supported by Blanco

Mejia and colleagues in their systematic review and meta-analysis

assessing nuts and metabolic syndrome.3

Significant heterogeneity in the current analysis did exist. While

this heterogeneity could not be adequately assessed categorically for

the cohorts as there were too few cohort studies, subgroup analyses

and meta-regression of the trials identified potential sources of het-

erogeneity. For the trials, similar to the previous publications,36,37

energy balance was identified as a potential source of heterogeneity.

However, in the current analysis, incorporating nuts into a dietary

pattern involving an overall negative energy balance compared to a

negative energy balance without nuts was observed to favour nuts in

regard to not increasing body weight, BMI, or waist-to-hip ratio.

Inclusion of nuts as a part of a dietary pattern without concern for

increased body weight or adiposity measures is further supported by

findings from the PREDIMED trial, where inclusion of nuts as part of a

Mediterranean dietary pattern saw slightly reduced body weight and

adiposity measures with no significant differences when compared

with the Mediterranean dietary pattern with olive oil or the low fat

dietary pattern.144 A sensitivity analysis involving the inclusion of the

PREDIMED trial did not significantly affect the magnitude or direction

of the current findings. In addition to energy balance, nut dose was

detected as a potential effect modifier of body weight and body fat,

where greater reductions were observed with increasing nut dose. In

categorical analyses, nut doses ≥45.5 g/day indicated lower adiposity

measures compared to lower doses. As nut doses of 1 to 1.5 ounces

(�28 to 42.5 g) per day are often noted in dietary guidelines, as well

as the FDA qualified health claim for coronary heart disease risk

reduction, this suggests the provision often seen following nut recom-

mendations, as well as stated at the end of the applicable qualified

health claims asserting “see nutrition information for fat [and calorie]

content” with the implied message that foods high in fat and calories

lead to increased adiposity may be unwarranted.17–19 Likewise, con-

tinuous linear meta-regression identified dose-dependent relation-

ships between nut consumption with both body weight and body fat,

where nut dose was inversely correlated with body weight and fat.

However, significant departures from linearity were observed in BMI,

waist circumference, and waist-to-hip ratio, where the maximum

protective dose appeared to be around 50 g/day based on waist-

to-hip ratio. Although the waist-to-hip ratio may have been con-

founded by the nonsignificant positive correlation observed between

waist circumference and nut consumption. This positive association

between nut consumption and waist circumference differs from

findings in the literature, where nut and seed consumption has been

associated with significantly decreased pericardial fat, and trends

toward decreased visceral fat,145 and monounsaturated fat intake,

which is prevalent in nuts, compared to carbohydrate intake has been

shown to prevent central fat redistribution.146

4.1 | Strengths and limitations

Strengths of the present systematic review and meta-analysis include

its comprehensive design, comprising both prospective cohort studies

and RCTs, using the GRADE approach to evaluate the certainty of

evidence. The prospective cohort studies provide assessment of nut

consumption over the long term in a large sample of participants in

free-living conditions in relation to adiposity. The design of RCTs pro-

vides the best protection against bias; there were also a substantial

number of trials identified (106 trial comparisons) for the primary out-

come of body weight; the median follow-up period was 8 weeks,

which allows for the assessment of a moderate duration of interven-

tion. In addition, the meta-regression and subgroup analyses provide

further insight as to various factors that have previously been hypoth-

esized to influence the impact of nut consumption on adiposity.

These analyses are not without limitations. For the prospective

cohort studies, we downgraded the certainty of the evidence for seri-

ous inconsistency in the estimates across the studies for body weight

change as there was evidence of unexplained heterogeneity (92%).

Although the inconsistency may have related to measurement error as

there was a lack of repeated measurement of intake of nuts, use of a

food frequency questionnaire measure that was not specifically

validated for nut intake, and adiposity measures were mainly self-

reported by participants. Risk of bias was also observed for body

weight change as participants were primarily comprised of well-

educated individuals, many of whom were health professionals,

including university graduates from SUN and health professionals

recruited from NHS, NHS II, and HPFS, and thus may not be generaliz-

able to other populations.

For the RCTs, we downgraded the certainty of evidence for

serious inconsistency in the estimates due to unexplained heteroge-

neity in all the outcomes assessed, except BMI. Subgroup analyses

indicated potential sources of heterogeneity; however, this was often

observed when the covariate was unevenly distributed, as well as the

differences in treatment effects between subgroups are unlikely to

otherwise alter clinical decisions.

Weighing these strengths and limitations using GRADE, the

certainty of evidence ranged from “very low” to “high.” A reason for

the “very low” certainty of evidence observed is due to the GRADE

approach starting observational studies at “low” certainty. Overall, the

prospective cohort studies showed mostly “moderate” and the RCTs

showed equally “high” and “moderate” certainty of evidence.

4.2 | Potential mechanisms of action

There are several biological mechanisms which may explain the

association, more specifically, the lack of association observed

between nut consumption with overweight/obesity risk and other
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measures of adiposity, including: (1) unsaturated fatty acid content,

(2) satiating effect, and (3) physical structure, each in a way associated

with the bioavailability of nuts when consumed. Nuts are rich in

unsaturated fatty acids (monounsaturated fatty acids [MUFAs] and

polyunsaturated fatty acids [PUFAs]), which are suggested to be more

readily oxidized147 and have a greater thermogenic effect148

compared to saturated fatty acids, leading to less fat accumulation.

Nuts are also rich in protein and fiber and dietary components associ-

ated with increased satiety.149–151 In addition to the protein and

dietary fiber content of nuts, the physical structure may also contrib-

ute to their satiating effect since the mastication process involved in

mechanically reducing nuts to a particle size small enough to swallow

activates signaling systems that may modify appetite sensations.152

The physical structure of nuts may also contribute to fat malabsorp-

tion due to the fat content in nuts being contained within walled

cellular structures that are incompletely masticated and/or

digested.153–156 Thus, due to these biological mechanisms which may

be associated with decreased bioavailability, the Atwater Factor, a

system for determining the energy value of foods which was founded

over a century ago, associated with nuts, may overestimate the calo-

ries obtained by the body from nut consumption by approximately

16% to 25% depending on the nut type and form.157–159 This may

potentially explain the present findings of a protective effect of nut

consumption on measures of adiposity.

4.3 | Practical implications

Current clinical practice guidelines already suggest the incorporation

of nuts for the improvement of glycemic control and cardiovascular

risk factors; however, there are often qualifiers regarding their fat

content and energy density.14–16 With overweight and obesity

respectively affecting 39% and 13% of adults globally and increased

adiposity being a modifiable risk factor for diabetes and cardiovascular

diseases, body weight management is an important consideration in

dietary and lifestyle recommendations.160 Evidence from this system-

atic review and meta-analysis suggests that nuts may continue to be

highlighted as a nutrient dense component of dietary patterns for

their cardiometabolic benefits without concerns of an adverse effect

on weight control. Nuts are currently recommended as part of the

Mediterranean, Portfolio, and DASH dietary patterns, yet despite tree

nut and peanut intake increasing over the past 10 years, intake world-

wide remains low at an estimated 16.7 g/day with about 15.2 g being

contributed by peanuts.20 This is far below current recommendations

of 1 to 1.5 ounces per day (approximately 28.3 to 42.5 g/day).6,17–19

Based on the median nut intake in the trials of the current analyses

and FDA qualified health claims, a dose of 42.5 g/day of nuts could

easily be integrated into a daily dietary pattern by incorporating them

into meals and/or consuming them as snacks. Except for individuals

with nut allergies, no increase in side effects compared with control

groups was reported in any of the cohort studies or trials, suggesting

that dietary patterns which incorporate nuts as a regularly consumed

component are safe. Future research may further assess the impact of

different varieties of nuts and formats in which they may be

consumed and how they are incorporated into the diet.

5 | CONCLUSION

Current evidence suggests that nut consumption does not lead to

increased adiposity. Health professionals and dietary guidelines may

recommend nuts, for those without allergies, for their cardiometabolic

benefits without stipulations or concern of an adverse effect on

weight control.

ACKNOWLEDGMENTS

The authors wish to thank Tauseef Ahmed Khan, Laura Chiavaroli,

and Andreea Zurbau for sharing their Stata 16 knowledge. Thank you

to the authors of included reports who shared additional information

from their work.

SOURCE OF RESEARCH SUPPORT

SKN was funded by Ontario Graduate Scholarships, Peterborough

K. M. Hunter Charitable Foundation Graduate Awards, Banting & Best

Diabetes Centre-Novo Nordisk Studentship, Nora Martin Fellowship

in Nutritional Sciences, and a Dietitians of Canada Graduate Student

Award. EMC was the recipient of the Lawson Family Chair in

Microbiome Nutrition Research at the Faculty of Medicine, University

of Toronto. DJAJ was funded by the Government of Canada through

the Canada Research Chair Endowment. JLS was funded by a PSI

Graham Farquharson Knowledge Translation Fellowship, Diabetes

Canada Clinician Scientist award, CIHR INMD/CNS New Investigator

Partnership Prize, and Banting and Best Diabetes Centre Sun Life

Financial New Investigator Award.

ROLE OF THE FUNDING SOURCE

This work was funded by operating funds provided through a PSI

Graham Farquharson Knowledge Translation Fellowship and Banting

& Best Diabetes Centre Sun Life Financial New Investigator Award.

None of the sponsors had a role in any aspect of the present study,

including design and conduct of the study; collection, management,

analysis, and interpretation of the data and preparation, review,

approval of the manuscript, or decision to publish.

POTENTIAL CONFLICTS OF INTEREST

SKN serves as a volunteer member of the not-for-profit group Plant-

Based Canada as of 2019. EV served as a scientific advisor for New

Era Nutrition from 2019 to 2020. SBM reports no competing

interests. CWCK has received research support from the Advanced

Foods and Materials Network, Agricultural Bioproducts Innovation

Program through the Pulse Research Network, Agriculture and Agri-

Food Canada, Almond Board of California, Barilla, Calorie Control

Council, CIHR, Canola Council of Canada, The International Tree Nut

Council Nutrition Research & Education Foundation, Kellogg, Loblaw

Companies Ltd., Pulse Canada, Saskatchewan Pulse Growers, and

Unilever. He has received consultant fees from American Pistachio

NISHI ET AL. 11 of 18



Growers, speaker fees from the Peanut Institute, Tate & Lyle and

The WhiteWave Foods Company, and travel funding from Sabra

Dipping Company, Tate & Lyle, International Tree Nut Council

Research & Education Foundation, California Walnut Commission,

Sun-Maid, The Peanut Institute, General Mills, Oldways Foundation,

and International Nut and Dried Fruit Council Foundation. He

is on the Clinical Practice Guidelines Expert Committee for

Nutrition Therapy of the European Association for the Study of

Diabetes (EASD). He is a member of the International Carbohydrate

Quality Consortium (ICQC), Secretary of the Diabetes and Nutrition

Study Group (DNSG) of the EASD, and a Director of the Toronto 3D

Knowledge Synthesis and Clinical Trials foundation. RPB has received

research grants from Bunge Ltd., Arctic Nutrition, the Dairy Farmers

of Canada, and Nestle Inc., as well as travel support from Mead John-

son and mass spectrometry equipment and support from Sciex. RPB is

on the executive of the International Society for the Study of Fatty

acids and Lipids and held a meeting on behalf of Fatty Acids and Cell

Signaling, both of which rely on corporate sponsorship. AJH has

received research support from the Dairy Farmers of Canada. JSS

received financial support by ICREA under the ICREA Academia pro-

gram; the SEMERGEN grant; Department of Health of the Govern-

ment of Navarra (61/2015); the Fundaci�o La Marat�o de TV (Ref.

201630.10); the AstraZeneca Young Investigators Award in Category

of Obesity and T2D 2017 (D.R.); grants from the Consejería de Salud

de la Junta de Andalucía (PI0458/2013; PS0358/2016; PI0137/

2018); the PROMETEO/2017/017 grant from the Generalitat Vale-

nciana, and the SEMERGEN grant; and grant of support to research

groups 35/2011 (Balearic Islands Government; FEDER funds) (J.A.T.).

EMC has received grants and/or research support from Dairy Farmers

of Canada, Lallemand Health Solutions, and Ocean Spray and has

received consultant fees or speaker or travel support from Danone,

Nestlé, and Lallemand Health Solutions. DJAJ has received research

grants from Saskatchewan & Alberta Pulse Growers Associations; the

Agricultural Bioproducts Innovation Program through the Pulse

Research Network; the Advanced Foods and Material Network;

Loblaw Companies Ltd.; Unilever Canada and Netherlands; Barilla; the

Almond Board of California; Agriculture and Agri-food Canada; Pulse

Canada; Kellogg's Company, Canada; Quaker Oats, Canada; Procter &

Gamble Technical Centre Ltd.; Bayer Consumer Care, Springfield, NJ;

Pepsi/Quaker; International Nut & Dried Fruit Council (INC); Soy

Foods Association of North America; the Coca-Cola Company (inves-

tigator initiated, unrestricted grant); Solae; Haine Celestial; the Sani-

tarium Company; Orafti; the International Tree Nut Council Nutrition

Research and Education Foundation; the Peanut Institute; Soy Nutri-

tion Institute (SNI); the Canola and Flax Councils of Canada; the Calo-

rie Control Council; the Canadian Institutes of Health Research

(CIHR); the Canada Foundation for Innovation (CFI); and the Ontario

Research Fund (ORF). He has received in-kind supplies for trials as a

research support from the Almond board of California, Walnut Coun-

cil of California, the Peanut Institute, Barilla, Unilever, Unico, Primo,

Loblaw Companies, Quaker (Pepsico), Pristine Gourmet, Bunge Lim-

ited, Kellogg Canada, and WhiteWave Foods. He has been on the

speaker's panel, served on the scientific advisory board, and/or

received travel support and/or honoraria from 2020 China Glycemic

Index (GI) International Conference, Atlantic Pain Conference, Acad-

emy of Life Long Learning, the Almond Board of California, Canadian

Agriculture Policy Institute, Loblaw Companies Ltd, the Griffin Hospi-

tal (for the development of the NuVal scoring system), the Coca-Cola

Company, Epicure, Danone, Diet Quality Photo Navigation (DQPN),

Better Therapeutics (FareWell), Verywell, True Health Initiative (THI),

Heali AI Corp, Institute of Food Technologists (IFT), Soy Nutrition

Institute (SNI), Herbalife Nutrition Institute (HNI), Saskatchewan &

Alberta Pulse Growers Associations, Sanitarium Company, Orafti, the

International Tree Nut Council Nutrition Research and Education

Foundation, the Peanut Institute, Herbalife International, Pacific

Health Laboratories, Nutritional Fundamentals for Health (NFH),

Barilla, Metagenics, Bayer Consumer Care, Unilever Canada and

Netherlands, Solae, Kellogg, Quaker Oats, Procter & Gamble, Abbott

Laboratories, Dean Foods, the California Strawberry Commission,

Haine Celestial, PepsiCo, the Alpro Foundation, Pioneer Hi-Bred

International, DuPont Nutrition and Health, Spherix Consulting and

WhiteWave Foods, the Advanced Foods and Material Network, the

Canola and Flax Councils of Canada, Agri-Culture and Agri-Food

Canada, the Canadian Agri-Food Policy Institute, Pulse Canada, the

Soy Foods Association of North America, the Nutrition Foundation of

Italy (NFI), Nutra-Source Diagnostics, the McDougall Program, the

Toronto Knowledge Translation Group (St. Michael's Hospital), the

Canadian College of Naturopathic Medicine, The Hospital for Sick

Children, the Canadian Nutrition Society (CNS), the American Society

of Nutrition (ASN), Arizona State University, Paolo Sorbini Foundation

and the Institute of Nutrition, and Metabolism and Diabetes. He

received an honorarium from the United States Department of

Agriculture to present the 2013 W.O. Atwater Memorial Lecture. He

received the 2013 Award for Excellence in Research from the Interna-

tional Nut and Dried Fruit Council. He received funding and travel

support from the Canadian Society of Endocrinology and Metabolism

to produce mini cases for the Canadian Diabetes Association (CDA).

He is a member of the International Carbohydrate Quality Consortium

(ICQC). His wife, Alexandra L Jenkins, is a director and partner of

INQUIS Clinical Research for the Food Industry, his two daughters,

Wendy Jenkins and Amy Jenkins, have published a vegetarian book

that promotes the use of the foods described here, The Portfolio Diet

for Cardiovascular Risk Reduction (Academic Press/Elsevier 2020

ISBN:978-0-12-810510-8) and his sister, Caroline Brydson, received

funding through a grant from the St. Michael's Hospital Foundation to

develop a cookbook for one of his studies. JLS has received research

support from the Canadian Foundation for Innovation, Ontario

Research Fund, Province of Ontario Ministry of Research and Innova-

tion and Science, Canadian Institutes of health Research (CIHR), Dia-

betes Canada, PSI Foundation, Banting and Best Diabetes Centre

(BBDC), American Society for Nutrition (ASN), INC International Nut

and Dried Fruit Council Foundation, National Dried Fruit Trade Asso-

ciation, National Honey Board (the U.S. Department of Agriculture

[USDA] honey “Checkoff” program), International Life Sciences Insti-

tute (ILSI), Pulse Canada, Quaker Oats Center of Excellence, The

United Soybean Board (the USDA soy “Checkoff” program), The Tate

12 of 18 NISHI ET AL.



and Lyle Nutritional Research Fund at the University of Toronto, The

Glycemic Control and Cardiovascular Disease in Type 2 Diabetes

Fund at the University of Toronto (a fund established by the Alberta

Pulse Growers), and The Nutrition Trialists Fund at the University of

Toronto (a fund established by an inaugural donation from the Calorie

Control Council). He has received in-kind food donations to support a

randomized controlled trial from the Almond Board of California,

California Walnut Commission, Peanut Institute, Barilla, Unilever/

Upfield, Unico/Primo, Loblaw Companies, Quaker, Kellogg Canada,

WhiteWave Foods/Danone, and Nutrartis. He has received travel

support, speaker fees, and/or honoraria from Diabetes Canada, Dairy

Farmers of Canada, FoodMinds LLC, International Sweeteners Associ-

ation, Nestlé, Pulse Canada, Canadian Society for Endocrinology and

Metabolism (CSEM), GI Foundation, Abbott, General Mills, Biofortis,

ASN, Northern Ontario School of Medicine, INC Nutrition Research &

Education Foundation, European Food Safety Authority (EFSA), Com-

ité Européen des Fabricants de Sucre (CEFS), Nutrition Communica-

tions, International Food Information Council (IFIC), Calorie Control

Council, International Glutamate Technical Committee, and Physicians

Committee for Responsible Medicine. He has or has had ad hoc con-

sulting arrangements with Perkins Coie LLP, Tate & Lyle,

Wirtschaftliche Vereinigung Zucker e.V., Danone, and Inquis Clinical

Research. He is a member of the European Fruit Juice Association Sci-

entific Expert Panel and former member of the Soy Nutrition Institute

(SNI) Scientific Advisory Committee. He is on the Clinical Practice

Guidelines Expert Committees of Diabetes Canada, European Associ-

ation for the study of Diabetes (EASD), Canadian Cardiovascular Soci-

ety (CCS), and Obesity Canada/Canadian Association of Bariatric

Physicians and Surgeons. He serves or has served as an unpaid scien-

tific advisor for the Food, Nutrition, and Safety Program (FNSP) and

the Technical Committee on Carbohydrates of ILSI North America. He

is a member of the International Carbohydrate Quality Consortium

(ICQC), Executive Board Member of the Diabetes and Nutrition Study

Group (DNSG) of the EASD and Director of the Toronto 3D

Knowledge Synthesis and Clinical Trials foundation. His wife is an

employee of AB InBev. There are no patents, products in develop-

ment, or marketed products to declare.

ORCID

Stephanie K. Nishi https://orcid.org/0000-0002-7878-5368

Sonia Blanco Mejia https://orcid.org/0000-0003-4199-1800

Anthony J. Hanley https://orcid.org/0000-0002-6364-2444

Elena M. Comelli https://orcid.org/0000-0002-5201-5437

Jordi Salas Salvad�o https://orcid.org/0000-0003-2700-7459

John L. Sievenpiper https://orcid.org/0000-0002-3270-5772

REFERENCES

1. Pasquarelli-do-Nascimento G, Braz-de-Melo HA, Faria SS,

Santos IDO, Kobinger GP, Magalh~aes KG. Hypercoagulopathy and

adipose tissue exacerbated inflammation may explain higher

mortality in COVID-19 patients with obesity. Front Endocrinol. 2020;

11:530.

2. Viguiliouk E, Kendall CW, Blanco Mejia S, et al. Effect of tree nuts

on glycemic control in diabetes: A systematic review and meta-

analysis of randomized controlled dietary trials. PLoS ONE. 2014;

9(7):e103376.

3. Blanco Mejia S, Kendall CW, Viguiliouk E, et al. Effect of tree nuts

on metabolic syndrome criteria: A systematic review and meta-

analysis of randomised controlled trials. BMJ Open. 2014;4(7):

e004660.

4. Lee-Bravatti MA, Wang J, Avendano EE, King L, Johnson EJ,

Raman G. Almond consumption and risk factors for cardiovascular

disease: A systematic review and meta-analysis of randomized con-

trolled trials. Adv Nutr (Bethesda, Md). 2019;10:1076-1088.

5. Becerra-Tomas N, Paz-Graniel I, Kendall CWC, et al. Nut consump-

tion and incidence of cardiovascular diseases and cardiovascular dis-

ease mortality: A meta-analysis of prospective cohort studies. Nutr

Rev. 2019;77(10):691-709.

6. U.S. Department of Health and Human Services and

U.S. Department of Agriculture. 2015–2020 Dietary Guidelines for

Americans. 8th Edition. December 2015. Available at http://health.

gov/dietaryguidelines/2015/guidelines/

7. Health Canada, Government of Canada. Canada's Dietary Guidelines

for Health Professionals and Policy Makers. Last Modified:

22 January 2019. Available: https://food-guide.canada.ca/en/

guidelines/

8. European Commission. Food-Based Dietary Guidelines in Europe.

Last Modified: 01/02/2020. Available: https://ec.europa.eu/jrc/en/

health-knowledge-gateway/promotion-prevention/nutrition/food-

based-dietary-guidelines

9. Binns CW, Lee MK, Kagawa M, et al. Dietary guidelines for the Asia

Pacific region. Asia Pac J Public Health. 2017;29(2):98-101.

10. Herforth A, Arimond M, Alvarez-Sanchez C, Coates J,

Christianson K, Muehlhoff E. A global review of food-based dietary

guidelines. Adv Nutr (Bethesda, Md). 2019;10:590-605.

11. Chiavaroli L, Nishi SK, Khan TA, et al. Portfolio dietary pattern and

cardiovascular disease: A systematic review and meta-analysis of

controlled trials. Prog Cardiovasc Dis. 2018;61(1):43-53.

12. Chiavaroli L, Viguiliouk E, Nishi SK, et al. DASH dietary pattern and

cardiometabolic outcomes: An umbrella review of systematic

reviews and meta-analyses. Nutrients. 2019;11(2):338.

13. Sievenpiper JL, Chan CB, Dworatzek PD, Freeze C, Williams SL.

Nutrition therapy. Can J Diabetes. 2018;42(Suppl 1):S64-s79.

14. Eckel RH, Jakicic JM, Ard JD, et al. 2013 AHA/ACC guideline on life-

style management to reduce cardiovascular risk: A report of the

American College of Cardiology/American Heart Association Task

Force on Practice Guidelines. J Am Coll Cardiol. 2014;63(25):

2960-2984.

15. Anderson TJ, Gregoire J, Pearson GJ, et al. 2016 Canadian cardio-

vascular society guidelines for the management of dyslipidemia for

the prevention of cardiovascular disease in the adult. Can J Cardiol.

2016;32(11):1263-1282.

16. Mann JI, De Leeuw I, Hermansen K, et al. Evidence-based nutritional

approaches to the treatment and prevention of diabetes mellitus.

Nutr Metab Cardiovasc Dis: NMCD. 2004;14(6):373-394.

17. U.S. Food and Drug Administration (FDA). Guidance for Industry: A

Food Labeling Guide (12. Appendix D: Qualified Health Claims).

Qualified Health Claims: Letter of Enforcement Discretion - Nuts

and Coronary Heart Disease (Docket No 02P-0505). Published:

14 July 2003. Last Modified: 09/07/2015. Available: http://

wayback.archive-it.org/7993/20171114183724/https://www.fda.

gov/Food/IngredientsPackagingLabeling/LabelingNutrition/

ucm072926.htm

18. U.S. Food and Drug Administration (FDA). Guidance for Industry: A

Food Labeling Guide (12. Appendix D: Qualified Health Claims).

Qualified Health Claims: Letter of Enforcement Discretion - Walnuts

and Coronary Heart Disease (Docket No 02P-0292). Published:

09 March 2004. Last Modified: 09/07/2015. Available: http://

wayback.archive-it.org/7993/20171114183725/https://www.fda.

NISHI ET AL. 13 of 18

https://orcid.org/0000-0002-7878-5368
https://orcid.org/0000-0002-7878-5368
https://orcid.org/0000-0003-4199-1800
https://orcid.org/0000-0003-4199-1800
https://orcid.org/0000-0002-6364-2444
https://orcid.org/0000-0002-6364-2444
https://orcid.org/0000-0002-5201-5437
https://orcid.org/0000-0002-5201-5437
https://orcid.org/0000-0003-2700-7459
https://orcid.org/0000-0003-2700-7459
https://orcid.org/0000-0002-3270-5772
https://orcid.org/0000-0002-3270-5772
http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/
https://food-guide.canada.ca/en/guidelines/
https://food-guide.canada.ca/en/guidelines/
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
http://wayback.archive-it.org/7993/20171114183724/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
http://wayback.archive-it.org/7993/20171114183724/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
http://wayback.archive-it.org/7993/20171114183724/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
http://wayback.archive-it.org/7993/20171114183724/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072926.htm
http://wayback.archive-it.org/7993/20171114183725/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072910.htm
http://wayback.archive-it.org/7993/20171114183725/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072910.htm


gov/Food/IngredientsPackagingLabeling/LabelingNutrition/

ucm072910.htm

19. U.S. Food and Drug Administration (FDA). Guidance for Industry: A

Food Labeling Guide (12. Appendix D: Qualified Health Claims).

Qualified Health Claim for Macadamia Nuts and Reduced Risk of

Coronary Heart Disease (Docket No. FDA-2015-Q-4850). Publi-

shed: 09 March 2004. Last Modified: 09/07/2015. Available:

https://www.fda.gov/media/106201/download

20. International Nut & Dried Fruit Council (INC). Nuts & Dried

Fruits Statistical Yearbook 2018/2019. Available: https://www.

nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_

2018.pdf

21. American Heart Association. Go Nuts (But just a little!). Last Modi-

fied: June 25, 2015. Available: http://www.heart.org/HEARTORG/

HealthyLiving/HealthyEating/SimpleCookingwithHeart/Go-Nuts-

But-just-a-little_UCM_430103_Article.jsp#.Vyoj09QrLcs

22. American Diabetes Association. Fats. Last Modified: August

13, 2015. Available: http://www.diabetes.org/food-and-fitness/food/

what-can-i-eat/making-healthy-food-choices/fats-and-diabetes.html

23. American Diabetes Association. On-The-Go Tips. Available: http://

www.diabetes.org/mfa-recipes/tips/2012-02/on-the-go-tips-nuts-

Feb-2012.html?referrer=https://www.google.ca/

24. WebMD. Go Nuts on Your Diet ! 2003. Available: http://www.

webmd.com/diet/go-nuts-your-diet

25. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, pistachio nuts, raw. Last Modified: 2018-02-06. Avail-

able: https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?

id=2644

26. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, cashew nuts, raw. Last Modified: 2018-02-06. Avail-

able: https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?

id=5709

27. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Peanuts, all types, raw. Last Modified: 2018-02-06. Available:

https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=

3396

28. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, almonds, dry roasted, unblanched. Last Modified:

2018-02-06. Available: https://food-nutrition.canada.ca/cnf-fce/

serving-portion.do?id=2536

29. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, filberts or hazelnuts, dried. Last Modified: 2018-02-06.

Available: https://food-nutrition.canada.ca/cnf-fce/serving-portion.

do?id=2567

30. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, walnuts, English or Persian, dried. Last Modified:

2018-02-06. Available: https://food-nutrition.canada.ca/cnf-fce/

serving-portion.do?id=2590

31. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, brazilnuts, dried, unblanched. Last Modified:

2018-02-06. Available: https://food-nutrition.canada.ca/cnf-fce/

serving-portion.do?id=2544

32. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, pine nuts, pignolia, dried. Last Modified: 2018-02-06.

Available: https://food-nutrition.canada.ca/cnf-fce/serving-portion.

do?id=2586

33. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, pecans, dry roasted. Last Modified: 2018-02-06. Avail-

able: https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?

id=2583

34. Health Canada, Government of Canada. Canadian Nutrient File

(CNF), Nuts, macadamia (bushnuts, queensland), raw. Last Modified:

2018-02-06. Available: https://food-nutrition.canada.ca/cnf-fce/

serving-portion.do?id=2575

35. Eslami O, Shidfar F, Dehnad A. Inverse association of long-term

nut consumption with weight gain and risk of overweight/obesity:

A systematic review. Nutrition research (New York, NY). 2019;68:

1-8.

36. Flores-Mateo G, Rojas-Rueda D, Basora J, Ros E, Salas-Salvado J.

Nut intake and adiposity: Meta-analysis of clinical trials. Am J Clin

Nutr. 2013;97(6):1346-1355.

37. Guarneiri LL, Cooper JA. Intake of nuts or nut products does not

lead to weight gain, independent of dietary substitution instructions:

A systematic review and meta-analysis of randomized trials. Adv

Nutr (Bethesda, Md). 2020;12(2):384-401.

38. Higgins JPT, Thomas J, Chandler J, et al. (Eds). Cochrane Handbook

for Systematic Reviews of Interventions Version 6.0 (updated July

2019). Cochrane; 2019 Available from www.training.cochrane.org/

handbook

39. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-

tional studies in epidemiology: a proposal for reporting. Meta-

analysis of observational studies in epidemiology (MOOSE) group.

JAMA. 2000;283(15):2008-2012.

40. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting

items for systematic reviews and meta-analyses: The PRISMA state-

ment. PLoS Med. 2009;6(7):e1000097.

41. Source Forge. Plot Digitizer. Last Modified: 24 October 2015. Avail-

able: http://plotdigitizer.sourceforge.net/

42. Wells G, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale

(NOS) for Assessing the Quality of Nonrandomised Studies in Meta-

Analyses. Ottawa Hospital Research Institute: Ottawa, ON, Canada;

2000.

43. Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane collabora-

tion's tool for assessing risk of bias in randomised trials. BMJ (Clin

Res ed). 2011;343:d5928.

44. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin

Trials. 1986;7(3):177-188.

45. Tufanaru C, Munn Z, Stephenson M, Aromataris E. Fixed or random

effects meta-analysis? Common methodological issues in systematic

reviews of effectiveness. Int J Evid Based Healthc. 2015;13(3):

196-207.

46. Bekkering GE, Harris RJ, Thomas S, et al. How much of the data

published in observational studies of the association between diet

and prostate or bladder cancer is usable for meta-analysis?

Am J Epidemiol. 2008;167(9):1017-1026.

47. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-

analysis detected by a simple, graphical test. BMJ (Clin Res ed). 1997;

315:629-634.

48. Begg CB. A measure to aid in the interpretation of published clinical

trials. Stat Med. 1985;4(1):1-9.

49. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based

method of testing and adjusting for publication bias in meta-analysis.

Biometrics. 2000;56(2):455-463.

50. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduc-

tion-GRADE evidence profiles and summary of findings tables. J Clin

Epidemiol. 2011;64(4):383-394.

51. Bes-Rastrollo M, Sabate J, Gomez-Gracia E, Alonso A, Martinez JA,

Martinez-Gonzalez MA. Nut consumption and weight gain in a Med-

iterranean cohort: The SUN study. Obesity (Silver Spring, Md). 2007;

15:107-116.

52. El-Amari SS, Lloren JI, Sabate J. Nut intake, prospective weight

change, and obesity risk: The adventist health study-2. FASEB Jour-

nal Conference: Experimental Biology 2016; 30417-6

53. Fernandez-Montero A, Bes-Rastrollo M, Beunza JJ, et al. Nut

consumption and incidence of metabolic syndrome after 6-year

follow-up: the SUN (Seguimiento Universidad de Navarra, Univer-

sity of Navarra Follow-up) cohort. Public Health Nutr. 2013;16(11):

2064-2072.

14 of 18 NISHI ET AL.

http://wayback.archive-it.org/7993/20171114183725/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072910.htm
http://wayback.archive-it.org/7993/20171114183725/https://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm072910.htm
https://www.fda.gov/media/106201/download
https://www.nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_2018.pdf
https://www.nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_2018.pdf
https://www.nutfruit.org/files/tech/1553521370_INC_Statistical_Yearbook_2018.pdf
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/SimpleCookingwithHeart/Go-Nuts-But-just-a-little_UCM_430103_Article.jsp#.Vyoj09QrLcs
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/SimpleCookingwithHeart/Go-Nuts-But-just-a-little_UCM_430103_Article.jsp#.Vyoj09QrLcs
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/SimpleCookingwithHeart/Go-Nuts-But-just-a-little_UCM_430103_Article.jsp#.Vyoj09QrLcs
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/making-healthy-food-choices/fats-and-diabetes.html
http://www.diabetes.org/food-and-fitness/food/what-can-i-eat/making-healthy-food-choices/fats-and-diabetes.html
http://www.diabetes.org/mfa-recipes/tips/2012-02/on-the-go-tips-nuts-Feb-2012.html?referrer=https://www.google.ca/
http://www.diabetes.org/mfa-recipes/tips/2012-02/on-the-go-tips-nuts-Feb-2012.html?referrer=https://www.google.ca/
http://www.diabetes.org/mfa-recipes/tips/2012-02/on-the-go-tips-nuts-Feb-2012.html?referrer=https://www.google.ca/
http://www.webmd.com/diet/go-nuts-your-diet
http://www.webmd.com/diet/go-nuts-your-diet
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2644
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2644
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=5709
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=5709
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=3396
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=3396
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2536
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2536
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2567
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2567
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2590
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2590
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2544
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2544
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2586
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2586
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2583
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2583
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2575
https://food-nutrition.canada.ca/cnf-fce/serving-portion.do?id=2575
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
http://plotdigitizer.sourceforge.net/


54. Freisling H, Noh H, Slimani N, et al. Nut intake and 5-year changes

in body weight and obesity risk in adults: results from the EPIC-

PANACEA study. Eur J Nutr. 2018;57(7):2399-2408.

55. Liu X, Li Y, Guasch-Ferré M, Willett WC, et al. Changes in nut con-

sumption influence long-term weight change in US men and women.

BMJ Nutr Prev Health. 2019;2(2):90-99.

56. Smith JD, Hou T, Hu FB, et al. A comparison of different methods

for evaluating diet, physical activity, and long-term weight gain in

3 prospective cohort studies. J Nutr. 2015;145(11):2527-2534.

57. Abazarfard Z, Salehi M, Keshavarzi S. The effect of almonds on

anthropometric measurements and lipid profile in overweight and

obese females in a weight reduction program: A randomized con-

trolled clinical trial. J Res Med Sci. 2014;19(5):457-464.

58. Abbaspour N, Roberts T, Hooshmand S, Kern M, Hong MY. Mixed

nut consumption may improve cardiovascular disease risk factors in

overweight and obese adults. Nutrients. 2019;11(7):1488.

59. Agebratt C, Strom E, Romu T, et al. A randomized study of the

effects of additional fruit and nuts consumption on hepatic fat con-

tent, cardiovascular risk factors and basal metabolic rate. PLoS ONE.

2016;11:e0147149.

60. Baer DJ, Novotny JA. Consumption of cashew nuts does not influence

blood lipids or other markers of cardiovascular disease in humans: A

randomized controlled trial. Am J Clin Nutr. 2019;109(2):269-275.

61. Balci MK, Balci B, Hoda P. Metabolic effects of walnuts in patients

with prediabetic metabolic syndrome. Endocrine Reviews Conference:

94th Annual Meeting and Expo of the Endocrine Society, ENDO.

2012; 33.

62. Barbour JA, Howe PR, Buckley JD, Bryan J, Coates AM. Effect of

12 weeks high oleic peanut consumption on cardio-metabolic risk

factors and body composition. Nutrients. 2015;7(9):7381-7398.

63. Bento AP, Cominetti C, Simoes Filho A, Naves MM. Baru almond

improves lipid profile in mildly hypercholesterolemic subjects: A ran-

domized, controlled, crossover study. Nutr Metab Cardiovasc Dis:

NMCD. 2014;24(12):1330-1336.

64. Berryman CE, West SG, Fleming JA, Bordi PL, Kris-Etherton PM.

Effects of daily almond consumption on cardiometabolic risk and

abdominal adiposity in healthy adults with elevated LDL-cholesterol:

A randomized controlled trial. J Am Heart Assoc. 2015;4:e000993.

65. Bitok E, Rajaram S, Jaceldo-Siegl K, et al. Effects of long-term walnut

supplementation on body weight in free-living elderly: Results of a

randomized controlled trial. Nutrients. 2018;10(9):1317.

66. Duarte GBS, Reis BZ, Rogero MM, et al. Consumption of Brazil nuts

with high selenium levels increased inflammation biomarkers in

obese women: A randomized controlled trial. Nutrition (Burbank, Los

Angeles County, Calif ). 2019;63–64:162-168.
67. Bowen J, Luscombe-Marsh ND, Stonehouse W, et al. Effects of

almond consumption on metabolic function and liver fat in over-

weight and obese adults with elevated fasting blood glucose: A ran-

domised controlled trial. Clin Nutr ESPEN. 2019;30:10-18.

68. Campbell A, Roychoudhury A, St-Onge MP. Almond consumption

increases satiety hormones relative to a high-carbohydrate food but

has minimal impact on body composition: A pilot study in black and

hispanic adults. Circulation Conference: American Heart Associa-

tion's Epidemiology and Prevention/Lifestyle and Cardiometabolic

Health. 2019; 139.

69. Canales A, Benedi J, Nus M, Librelotto J, Sanchez-Montero JM,

Sanchez-Muniz FJ. Effect of walnut-enriched restructured meat

in the antioxidant status of overweight/obese senior subjects with

at least one extra CHD-risk factor. J Am Coll Nutr. 2007;26(3):

225-232.

70. Carughi A, Bellisle F, Dougkas A, Giboreau A, Feeney MJ, Higgs J. A

randomized controlled pilot study to assess effects of a daily pista-

chio (Pistacia Vera) afternoon snack on next-meal energy intake,

satiety, and anthropometry in french women. Nutrients. 2019;

11(4):767.

71. Casas-Agustench P, Lopez-Uriarte P, Bullo M, Ros E, Cabre-Vila JJ,

Salas-Salvado J. Effects of one serving of mixed nuts on serum lipids,

insulin resistance and inflammatory markers in patients with the

metabolic syndrome. Nutr Metab Cardiovasc Dis: NMCD. 2011;21(2):

126-135.

72. Chisholm A, Mc Auley K, Mann J, Williams S, Skeaff M. Cholesterol

lowering effects of nuts compared with a Canola oil enriched cereal

of similar fat composition. Nutr Metab Cardiovasc Dis: NMCD. 2005;

15(4):284-292.

73. Ciccone MMSP, Cortese F, Gesualdo M, et al. Endothelial function

in ovese and overweight patients: The role of olive oil, fish and nuts.

Int J Diabetes Clin Res. 2014;1:1-5.

74. Cohen AE, Johnston CS. Almond ingestion at mealtime reduces

postprandial glycemia and chronic ingestion reduces hemoglobin

A(1c) in individuals with well-controlled type 2 diabetes mellitus.

Metab: Clin Exp. 2011;60(9):1312-1317.

75. Damasceno NR, Perez-Heras A, Serra M, et al. Crossover study of

diets enriched with virgin olive oil, walnuts or almonds. Effects on

lipids and other cardiovascular risk markers. Nutr Metab Cardiovasc

Dis: NMCD. 2011;21(Suppl 1):S14-S20.

76. Damavandi RD, Eghtesadi S, Shidfar F, Heydari I, Foroushani AR.

Effects of hazelnuts consumption on fasting blood sugar and

lipoproteins in patients with type 2 diabetes. J Res Med Sci. 2013;

18(4):314-321.

77. Damavandi RD, Shidfar F, Rajab A, Mohammadi V, Hosseini S. The

effects of cashew consumption on serum glucose, insulin and lipo-

protein in type 2 diabetic patients. Iran J Endocrinol Metab. 2012;14:

Pe325-Pe334. En413

78. de Souza RGM, Gomes AC, de Castro IA, Mota JF. A baru almond-

enriched diet reduces abdominal adiposity and improves high-

density lipoprotein concentrations: A randomized, placebo-

controlled trial. Nutrition (Burbank, Los Angeles County, Calif ). 2018;

55–56:154-160.
79. Dhillon J, Tan SY, Mattes RD. Almond consumption during energy

restriction lowers truncal fat and blood pressure in compliant over-

weight or obese adults. J Nutr. 2016;146(12):2513-2519.

80. Dhillon J, Thorwald M, De La Cruz N, et al. Glucoregulatory and car-

diometabolic profiles of almond vs. cracker snacking for 8 weeks in

young adults: A randomized controlled trial. Nutrients. 2018;

10(8):960.

81. Foster GD, Shantz KL, Vander Veur SS, et al. A randomized trial of

the effects of an almond-enriched, hypocaloric diet in the treatment

of obesity. Am J Clin Nutr. 2012;96(2):249-254.

82. Gebauer SK, West SG, Kay CD, Alaupovic P, Bagshaw D, Kris-

Etherton PM. Effects of pistachios on cardiovascular disease risk

factors and potential mechanisms of action: A dose-response study.

Am J Clin Nutr. 2008;88(3):651-659.

83. Gulati S, Misra A, Pandey RM, Bhatt SP, Saluja S. Effects of pistachio

nuts on body composition, metabolic, inflammatory and oxidative

stress parameters in Asian Indians with metabolic syndrome: A

24-wk, randomized control trial. Nutrition (Burbank, Los Angeles

County, Calif ). 2014;30:192-197.

84. Hernandez-Alonso P, Salas-Salvado J, Baldrich-Mora M, Juanola-

Falgarona M, Bullo M. Beneficial effect of pistachio consumption on

glucose metabolism, insulin resistance, inflammation, and related

metabolic risk markers: A randomized clinical trial. Diabetes Care.

2014;37(11):3098-3105.

85. Hiraoka-Yamamoto J, Ikeda K, Negishi H, et al. Serum lipid effects of

a monounsaturated (palmitoleic) fatty acid-rich diet based on

macadamia nuts in healthy, young Japanese women. Clin Exp

Pharmacol Physiol. 2004;31(Suppl 2):S37-S38.

NISHI ET AL. 15 of 18



86. Hollis J, Mattes R. Effect of chronic consumption of almonds on

body weight in healthy humans. Br J Nutr. 2007;98(3):651-656.

87. Hudthagosol C, Haddad E, Jongsuwat R. Antioxidant activity

comparison of walnuts and fatty fish. J Med Assoc Thai. 2012;

95(Suppl 6):S179-S188.

88. Hwang HJ, Liu Y, Kim HS, Lee H, Lim Y, Park H. Daily walnut intake

improves metabolic syndrome status and increases circulating

adiponectin levels: Randomized controlled crossover trial. Nutr Res

Pract. 2019;13(2):105-114.

89. Jamshed H, Sultan FA, Iqbal R, Gilani AH. Dietary almonds increase

serum HDL cholesterol in coronary artery disease patients in a ran-

domized controlled trial. J Nutr. 2015;145(10):2287-2292.

90. Jenkins DJ, Kendall CW, Marchie A, et al. Dose response of almonds

on coronary heart disease risk factors: Blood lipids, oxidized low-

density lipoproteins, lipoprotein(a), homocysteine, and pulmonary

nitric oxide: A randomized, controlled, crossover trial. Circulation.

2002;106(11):1327-1332.

91. Jenkins DJA, Kendall CWC, Lamarche B, et al. Nuts as a replacement

for carbohydrates in the diabetic diet: A reanalysis of a randomised

controlled trial. Diabetologia. 2018;61(8):1734-1747.

92. Johnston CS, Trier CM, Fleming KR. The effect of peanut and grain

bar preloads on postmeal satiety, glycemia, and weight loss in

healthy individuals: An acute and a chronic randomized intervention

trial. Nutr J. 2013;27:35.

93. Jung H, Chen CO, Blumberg JB, Kwak HK. The effect of almonds on

vitamin E status and cardiovascular risk factors in Korean adults: A

randomized clinical trial. Eur J Nutr. 2018;57(6):2069-2079.

94. Katz DL, Davidhi A, Ma Y, Kavak Y, Bifulco L, Njike VY. Effects of

walnuts on endothelial function in overweight adults with visceral

obesity: A randomized, controlled, crossover trial. J Am Coll Nutr.

2012;31(6):415-423.

95. Kocyigit A, Koylu AA, Keles H. Effects of pistachio nuts consumption

on plasma lipid profile and oxidative status in healthy volunteers.

Nutr Metab Cardiovasc Dis: NMCD. 2006;16(3):202-209.

96. Le T, Flatt SW, Natarajan L, et al. Effects of diet composition and

insulin resistance status on plasma lipid levels in a weight loss inter-

vention in women. J Am Heart Assoc. 2016;5(1):e002771.

97. Lee YJ, Nam GE, Seo JA, et al. Nut consumption has favorable

effects on lipid profiles of Korean women with metabolic syndrome.

Nutr Res (New York, NY). 2014;34:814-820.

98. Li SC, Liu YH, Liu JF, Chang WH, Chen CM, Chen CY. Almond

consumption improved glycemic control and lipid profiles in

patients with type 2 diabetes mellitus. Metab: Clin Exp. 2011;60(4):

474-479.

99. Li Z, Song R, Nguyen C, et al. Pistachio nuts reduce triglycerides and

body weight by comparison to refined carbohydrate snack in obese

subjects on a 12-week weight loss program. J Am Coll Nutr. 2010;

29(3):198-203.

100. Liu Y, Hwang HJ, Kim HS, Park H. Time and intervention effects of

daily almond intake on the changes of lipid profile and body compo-

sition among free-living healthy adults. J Med Food. 2018;21(4):

340-347.

101. Ma Y, Njike VY, Millet J, et al. Effects of walnut consumption on

endothelial function in type 2 diabetic subjects: A randomized con-

trolled crossover trial. Diabetes Care. 2010;33(2):227-232.

102. McKay DL, Eliasziw M, Chen CYO, Blumberg JB. A Pecan-Rich diet

improves cardiometabolic risk factors in overweight and obese

adults: A randomized controlled trial. Nutrients. 2018;10(3):339.

103. Mohan V, Gayathri R, Jaacks LM, et al. Cashew nut consumption

increases HDL cholesterol and reduces systolic blood pressure in

Asian Indians with type 2 diabetes: A 12-week randomized con-

trolled trial. J Nutr. 2018;148(1):63-69.

104. Moreira Alves RD, Boroni Moreira AP, Macedo VS, et al. High-oleic

peanuts: New perspective to attenuate glucose homeostasis

disruption and inflammation related obesity. Obesity (Silver Spring,

Md). 2014;22:1981-1988.

105. Morgan JM, Horton K, Reese D, Carey C, Walker K, Capuzzi DM.

Effects of walnut consumption as part of a low-fat, low-cholesterol

diet on serum cardiovascular risk factors. Int J Vitam Nutr Res. 2002;

72(5):341-347.

106. Morgan WA, Clayshulte BJ. Pecans lower low-density lipoprotein

cholesterol in people with normal lipid levels. J Am Diet Assoc. 2000;

100(3):312-318.

107. Nagashree RS, Manjunath NK, Indu M, et al. Effect of a diet

enriched with fresh coconut saturated fats on plasma lipids and

erythrocyte fatty acid composition in normal adults. J Am Coll Nutr.

2017;36(5):330-334.

108. Njike VY, Ayettey R, Petraro P, Treu JA, Katz DL. Walnut ingestion

in adults at risk for diabetes: Effects on body composition, diet qual-

ity, and cardiac risk measures. BMJ Open Diabetes Res Care. 2015;

3(1):e000115.

109. Njike VY, Kavak Y, Treu JA, Doughty K, Katz DL. snacking, satiety,

and weight: A randomized, controlled trial. Am J Health Promot:

AJHP. 2017;31(4):296-301.

110. Parham M, Heidari S, Khorramirad A, et al. Effects of pistachio nut

supplementation on blood glucose in patients with type 2 diabetes:

A randomized crossover trial. Rev Diabetic Stud: RDS. 2014;11(2):

190-196.

111. Rajaram S, Burke K, Connell B, Myint T, Sabate J. A monounsatu-

rated fatty acid-rich pecan-enriched diet favorably alters the

serum lipid profile of healthy men and women. J Nutr. 2001;131(9):

2275-2279.

112. Robbins WA, Xun L, FitzGerald LZ, Esguerra S, Henning SM,

Carpenter CL. Walnuts improve semen quality in men consuming a

Western-style diet: randomized control dietary intervention trial.

Biol Reprod. 2012;87(4):101.

113. Rock CL, Flatt SW, Barkai HS, Pakiz B, Heath DD. Walnut

consumption in a weight reduction intervention: Effects on body

weight, biological measures, blood pressure and satiety. Nutr J.

2017;16(1):76.

114. Ros E, Nunez I, Perez-Heras A, et al. A walnut diet improves endo-

thelial function in hypercholesterolemic subjects: A randomized

crossover trial. Circulation. 2004;109(13):1609-1614.

115. Ruisinger JF, Gibson CA, Backes JM, et al. Statins and almonds to

lower lipoproteins (the STALL Study). J Clin Lipidol. 2015;9(1):58-64.

116. Sabate J, Cordero-Macintyre Z, Siapco G, Torabian S, Haddad E.

Does regular walnut consumption lead to weight gain? Br J Nutr.

2005;94(5):859-864.

117. Sabate J, Haddad E, Tanzman JS, Jambazian P, Rajaram S. Serum lipid

response to the graduated enrichment of a step I diet with almonds: A

randomized feeding trial. Am J Clin Nutr. 2003;77(6):1379-1384.

118. Sauder KA, McCrea CE, Ulbrecht JS, Kris-Etherton PM, West SG.

Effects of pistachios on the lipid/lipoprotein profile, glycemic con-

trol, inflammation, and endothelial function in type 2 diabetes: A

randomized trial. Metab: Clin Exp. 2015;64(11):1521-1529.

119. Schutte AE, Van Rooyen JM, Huisman HW, et al. Modulation of bar-

oreflex sensitivity by walnuts versus cashew nuts in subjects with

metabolic syndrome. Am J Hypertens. 2006;19(6):629-636.

120. Sheridan MJ, Cooper JN, Erario M, Cheifetz CE. Pistachio nut con-

sumption and serum lipid levels. J Am Coll Nutr. 2007;26(2):

141-148.

121. Somerset SM, Graham L, Markwell K. Isoenergetic replacement of

dietary saturated with monounsaturated fat via macadamia nuts

enhances endothelial function in overweight subjects. e-SPEN J.

2013;8:e113-e119.

122. Spaccarotella KJ, Kris-Etherton PM, Stone WL, et al. The effect of

walnut intake on factors related to prostate and vascular health in

older men. Nutr J. 2008;7(1):13.

16 of 18 NISHI ET AL.



123. Spiller GA, Jenkins DA, Bosello O, Gates JE, Cragen LN, Bruce B.

Nuts and plasma lipids: An almond-based diet lowers LDL-C while

preserving HDL-C. J Am Coll Nutr. 1998;17(3):285-290.

124. Sweazea KL, Johnston CS, Ricklefs KD, Petersen KN. Almond sup-

plementation in the absence of dietary advice significantly reduces

C-reactive protein in subjects with type 2 diabetes. J Funct Foods.

2014;10:252-259.

125. Tan SY, Mattes RD. Appetitive, dietary and health effects of

almonds consumed with meals or as snacks: A randomized, con-

trolled trial. Eur J Clin Nutr. 2013;67(11):1205-1214.

126. Tapsell L, Batterham M, Tan SY, Warensjo E. The effect of a

calorie controlled diet containing walnuts on substrate oxidation

during 8-hours in a room calorimeter. J Am Coll Nutr. 2009;28(5):

611-617.

127. Tapsell LC, Gillen LJ, Patch CS, et al. Including walnuts in a low-

fat/modified-fat diet improves HDL cholesterol-to-total cholesterol

ratios in patients with type 2 diabetes. Diabetes Care. 2004;27(12):

2777-2783.

128. Tapsell LC, Lonergan M, Batterham MJ, et al. Effect of interdisciplin-

ary care on weight loss: A randomised controlled trial. BMJ Open.

2017;7(7):e014533.

129. Tey SL, Brown R, Gray A, Chisholm A, Delahunty C. Nuts improve

diet quality compared to other energy-dense snacks while

maintaining body weight. J Nutr Metab. 2011;2011:357350.

130. Tey SL, Gray AR, Chisholm AW, Delahunty CM, Brown RC. The dose

of hazelnuts influences acceptance and diet quality but not inflam-

matory markers and body composition in overweight and obese

individuals. J Nutr. 2013;143(8):1254-1262.

131. Tindall AM, Petersen KS, Skulas-Ray AC, Richter CK, Proctor DN,

Kris-Etherton PM. Replacing saturated fat with walnuts or vegetable

oils improves central blood pressure and serum lipids in adults at risk

for cardiovascular disease: A randomized controlled-feeding trial.

J Am Heart Assoc. 2019;8(9):e011512.

132. Tsaban G, Wolak A, Avni-Hassid H, et al. Dynamics of intrapericardial

and extrapericardial fat tissues during long-term, dietary-induced,

moderate weight loss. Am J Clin Nutr. 2017;106(4):984-995.

133. Vergani E, Bruno C, Olivieri G, et al. Differential metabolic response

to various regimens of natural antioxidant enriched-diets in patients

with insulin resistance. Endocrine Reviews Conference: 100th Annual

Meeting of the Endocrine Society, ENDO. 2018; 39.

134. Wang X, Li Z, Liu Y, Lv X, Yang W. Effects of pistachios on body

weight in Chinese subjects with metabolic syndrome. Nutr J. 2012;

11(1):20.

135. Wien M, Bleich D, Raghuwanshi M, et al. Almond consumption and

cardiovascular risk factors in adults with prediabetes. J Am Coll Nutr.

2010;29(3):189-197.

136. Wien M, Oda K, Sabate J. A randomized controlled trial to evaluate

the effect of incorporating peanuts into an American Diabetes Asso-

ciation meal plan on the nutrient profile of the total diet and car-

diometabolic parameters of adults with type 2 diabetes. Nutr J.

2014;13(1):10.

137. Wien MA, Sabate JM, Ikle DN, Cole SE, Kandeel FR. Almonds vs

complex carbohydrates in a weight reduction program. Int J Obes

Relat Metab Disord. 2003;27(11):1365-1372.

138. Williams PT, Bergeron N, Chiu S, Krauss RM. A randomized, con-

trolled trial on the effects of almonds on lipoprotein response to a

higher carbohydrate, lower fat diet in men and women with abdomi-

nal adiposity. Lipids Health Dis. 2019;18(1):83.

139. Wilson TYJ, Anderson AD, Anderson MM, et al. Effect of bedtime

pistachio consumption for 6 weeks on weight, lipid profile and gly-

cemic status in overweight persons. Int J Food Sci Nutr. 2014;1(1):

1-4.

140. Wu H, Pan A, Yu Z, et al. Lifestyle counseling and supplementation

with flaxseed or walnuts influence the management of metabolic

syndrome. J Nutr. 2010;140(11):1937-1942.

141. Zambon D, Sabate J, Munoz S, et al. Substituting walnuts for mono-

unsaturated fat improves the serum lipid profile of hypercholesterol-

emic men and women. A randomized crossover trial. Ann Intern Med.

2000;132(7):538-546.

142. Bamberger C, Rossmeier A, Lechner K, et al. A Walnut-enriched diet

reduces lipids in healthy caucasian subjects, independent of rec-

ommended macronutrient replacement and time point of consump-

tion: A prospective, randomized, controlled trial. Nutrients. 2017;

9(10):1097.

143. Biude Silva Duarte G, Zavarize Reis B, Cercato C, Macedo

Rogero M, Maria Franciscato Cozzolino S. Brazilian nut intake has

no influence on body composition in obese women. Ann Nutr Metab.

2017;71(Supplement 2):1142.

144. Estruch R, Martinez-Gonzalez MA, Corella D, et al. Effect of a high-

fat Mediterranean diet on bodyweight and waist circumference: A

prespecified secondary outcomes analysis of the PREDIMED ran-

domised controlled trial. Lancet Diabetes Endocrinol. 2019;7(5):

e6-e17.

145. Shah RV, Murthy VL, Allison MA, et al. Diet and adipose tissue dis-

tributions: The multi-ethnic study of atherosclerosis. Nutr Metab

Cardiovasc Dis: NMCD. 2016;26(3):185-193.

146. Paniagua JA, Gallego de la Sacristana A, Romero I, et al. Monounsat-

urated fat-rich diet prevents central body fat distribution and

decreases postprandial adiponectin expression induced by a

carbohydrate-rich diet in insulin-resistant subjects. Diabetes Care.

2007;30(7):1717-1723.

147. Piers LS, Walker KZ, Stoney RM, Soares MJ, O'Dea K. The influence

of the type of dietary fat on postprandial fat oxidation rates: Mono-

unsaturated (olive oil) vs saturated fat (cream). Int J Obes Relat

Metab Disord. 2002;26(6):814-821.

148. Casas-Agustench P, Lopez-Uriarte P, Bullo M, Ros E, Gomez-

Flores A, Salas-Salvado J. Acute effects of three high-fat meals with

different fat saturations on energy expenditure, substrate oxidation

and satiety. Clin Nutr. 2009;28(1):39-45.

149. Weigle DS, Breen PA, Matthys CC, et al. A high-protein diet

induces sustained reductions in appetite, ad libitum caloric intake,

and body weight despite compensatory changes in diurnal plasma

leptin and ghrelin concentrations. Am J Clin Nutr. 2005;82(1):

41-48.

150. Jaceldo-Siegl K, Sabate J, Rajaram S, Fraser GE. Long-term almond

supplementation without advice on food replacement induces

favourable nutrient modifications to the habitual diets of free-living

individuals. Br J Nutr. 2004;92(3):533-540.

151. Rebello CJ, Liu AG, Greenway FL, Dhurandhar NV. Dietary strate-

gies to increase satiety. Adv Food Nutr Res. 2013;69:105-182.

152. Mattes RD, Dreher ML. Nuts and healthy body weight maintenance

mechanisms. Asia Pac J Clin Nutr. 2010;19(1):137-141.

153. Ellis PR, Grundy M, Grassby T, et al. The role of dietary fiber in regu-

lating lipid bioaccessibility of almonds during mastication. FASEB

Journal. 2012;26(S1):1015.4.

154. Ellis PR, Kendall CW, Ren Y, et al. Role of cell walls in the bio-

accessibility of lipids in almond seeds. Am J Clin Nutr. 2004;80(3):

604-613.

155. Cassady BA, Hollis JH, Fulford AD, Considine RV, Mattes RD. Masti-

cation of almonds: Effects of lipid bioaccessibility, appetite, and hor-

mone response. Am J Clin Nutr. 2009;89(3):794-800.

156. Nishi SK, Kendall CWC, Bazinet RP, et al. almond bioaccessibility in

a randomized crossover trial: Is a calorie a calorie? Mayo Clinic pro-

ceedings. 2021.

157. Gebauer SK, Novotny JA, Bornhorst GM, Baer DJ. Food processing

and structure impact the metabolizable energy of almonds. Food

Funct. 2016;7(10):4231-4238.

158. Baer DJ, Gebauer SK, Novotny JA. Walnuts consumed by healthy

adults provide less available energy than predicted by the atwater

factors. J Nutr. 2016;146(1):9-13.

NISHI ET AL. 17 of 18



159. Baer DJ, Novotny JA. metabolizable energy from cashew nuts is less

than that predicted by atwater factors. Nutrients. 2018;11(1):33.

160. World Health Organization (WHO). Obestiy and overweight. Last

Modified: 03 March 2020. Available: https://www.who.int/news-

room/fact-sheets/detail/obesity-and-overweight

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Nishi SK, Viguiliouk E, Blanco Mejia S,

et al. Are fatty nuts a weighty concern? A systematic review

and meta-analysis and dose–response meta-regression of

prospective cohorts and randomized controlled trials. Obesity

Reviews. 2021;22(11):e13330. https://doi.org/10.1111/obr.

13330

18 of 18 NISHI ET AL.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1111/obr.13330
https://doi.org/10.1111/obr.13330

	Are fatty nuts a weighty concern? A systematic review and meta-analysis and dose-response meta-regression of prospective co...
	1  INTRODUCTION
	2  METHODS
	2.1  Study selection
	2.2  Data extraction
	2.3  Outcomes
	2.4  Risk of bias assessment
	2.5  Data synthesis and analysis
	2.6  Grading of the evidence

	3  RESULTS
	3.1  Search results
	3.2  Study characteristics
	3.2.1  Risk of bias
	3.2.2  Association of nut intake with incident overweight/obesity and measures of global adiposity
	3.2.3  Association of nut intake with measures of abdominal adiposity
	3.2.4  Effect of nut intake on body weight and measures of global adiposity
	3.2.5  Effect of nut intake on measures of abdominal adiposity

	3.3  Dose response analyses
	3.4  Sensitivity analyses
	3.5  Subgroup analyses
	3.6  Publication bias
	3.7  GRADE assessment

	4  DISCUSSION
	4.1  Strengths and limitations
	4.2  Potential mechanisms of action
	4.3  Practical implications

	5  CONCLUSION
	ACKNOWLEDGMENTS
	  SOURCE OF RESEARCH SUPPORT
	  ROLE OF THE FUNDING SOURCE
	  POTENTIAL CONFLICTS OF INTEREST
	REFERENCES


