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Abstract
Purpose This study aimed at quantifying and ranking the effects of different foods or food groups on weight loss.
Methods We searched PubMed, Scopus, Cochrane Central Register of Controlled Trials, and Embase to April 2021. We 
included randomized trials evaluating the comparative effects of two or more food groups, or compared a food group against 
a control group (usual diet, no intervention) for weight loss in adults. We conducted random-effects network meta-analysis 
with Bayesian framework to estimate mean difference [MD] and 95% credible interval [CrI] of the effect of food groups on 
weight loss.
Results 152 RCTs with 9669 participants were eligible. Increased consumption of fish (MD − 0.85 kg, 95% CrI − 1.66, 
− 0.02; GRADE = low), whole grains (MD − 0.44 kg, 95% CrI − 0.88, 0.0; GRADE = very low), and nuts (MD − 0.37 kg, 
95% CI − 0.72, − 0.01; GRADE = low) demonstrated trivial weight loss, well below minimal clinically important threshold 
(3.9 kg), when compared with the control group. Interventions with other food groups led to no weight loss when compared 
with either the control group or other food groups. The certainty of the evidence was rated low to very low with the point 
estimates for all comparisons less than 1 kg. None of the food groups showed an important reduction in body weight when 
restricted to studies conducted in participants with overweight or obesity.
Conclusions Interventions with a single food or food group resulted in no or trivial weight loss, especially in  individuals 
with overweight or obesity. Further trials on single foods or food groups for weight loss should be highly discouraged.
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Abbreviations
BMI  Body mass index
GRADE  Grading of recommendations assessment, 

development and evaluation
HRQoL  Health-related quality of life
RCT   Randomized controlled trials

Introduction

Worldwide, the obesity epidemic has continued to increase 
for three decades [1]. Adiposity has become a global pub-
lic health concern and is accompanied by a large financial 
burden on the health care system [2]. People with obesity 
are at greater risk of cardiovascular disease [3], site-specific 
cancers [4], and premature death [3]. Individuals living with 
obesity may experience blame and shame, [5] and weight-
related discrimination that can lead to loneliness and psy-
chological distress [6, 7].

Obesity results from a complex interaction between a 
series of metabolic, genetic, behavioral and environmental 
factors [8, 9], leading to positive energy balance related to 
higher energy intake and lower levels of physical activity. 
Interventional strategies targeting dietary intake or physi-
cal activity are a core part of weight management programs 
[10]. There exist meta-analyses and network meta-analyses 
of randomized controlled trials (RCT) demonstrating the 
short-term comparative effectiveness of different structured 
dietary programs such as low carbohydrate versus low fat 
diets for weight loss [11–13].

In addition to dietary programs, there are 100 s of RCTs 
on single nutrients, natural health products, food and food 
categories. For instance, some foods or food groups such 
as walnuts and whole grains including rye and wheat ker-
nels have satiating [14] and thermogenic [15] properties and 
thus, may have weight-reducing effects. Weight loss effects 
of other foods or food groups including dairy products (rich 
in calcium) [16], legumes (rich in dietary fibers) [17], and 
fruits and vegetables (rich in dietary fibers and phytochemi-
cals) [18] have also been evaluated in previously published 
meta-analyses.

However, there are limited high-quality meta-analyses 
assessing the effectiveness of food or food categories for 
weight loss [16, 19–23], and there are no comparative 
network meta-analyses addressing these interventions for 
weight-loss. In addition, the quality of body of evidence, 
considering minimal clinically important difference (MCID) 
threshold, has rarely been used in the published systematic 
reviews addressing nutrition questions.

To elucidate whether increasing the consumption of a 
specific food or food group is an effective interventional 
strategy for weight loss, we performed a systematic review 

and network meta-analysis of RCTs to quantify and rank 
the effects of specific food groups on weight loss in adults.

Materials and methods

We followed instructions outlined in Cochrane Handbook for 
Systematic Reviews of Interventions [24] and the Grading of 
Recommendations Assessment, Development and Evalua-
tion (GRADE) Handbook to conduct our systematic review 
[25]. We registered the protocol for our systematic review 
at Open Science Framework (registered form: osf.io/aex7c; 
registration https:// doi. org/ 10. 17605/ OSF. IO/ Q8VN4) [26].

Systematic search

We systematically searched PubMed, Scopus, Cochrane 
Central Register of Controlled Trials (CENTRAL), and 
Embase on January 31, 2021 from inception until January 
31, 2021, and an updated search on April 31, 2021 to April 
31, 2021. The systematic search was conducted at the same 
time in all databases. In consultation with a librarian, we 
developed and performed the literature search (SSB and AJ) 
and teams of two reviewers (MA and HS; MS and SM) inde-
pendently and in duplicate screened titles and abstracts and 
full-text articles. Differences were resolved by discussion 
with a third reviewer (AJ) when necessary. We also screened 
the reference lists of all published meta-analyses of RCTs on 
the effect of foods or food groups on body weight. The com-
plete search strategy used to find articles of original research 
for inclusion in the present systematic review is provided in 
Supplementary Table 1.

Eligibility criteria

Original controlled trials with the following criteria 
(Table 1) were considered eligible for inclusion: (1) rand-
omized trials with either parallel or cross-over design con-
ducted in adults (≥ 18 years); (2) trials with an intervention 
period of four weeks or longer; and (3) trials evaluating two 
or more foods or food groups including whole grains, refined 
grains, fruits, vegetables, fruits and vegetables combined, 
legumes, nuts, fish, red meat, white meat, processed meat, 
eggs, dairy, and sugar sweetened beverages; or compared 
one of these foods or food groups against placebo, no inter-
vention or usual diet (control group). A recent meta-analysis 
of cohort studies indicated that higher intake of some food 
groups such as whole grains, nuts, and legumes was associ-
ated with a decreased risk of overweight/obesity [27]. In 
addition, evidence is lacking about weight reducing effects 
of some food groups such as eggs, red and processed meat, 
white meat, and fish. Therefore, we classified foods into 14 
major food groups to provide a comprehensive picture of 
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the effects of almost all foods consumed in a typical diet on 
body weight.

Exclusion criteria

We excluded (1) cross-over trials with a wash-out period 
shorter than 2 weeks, (2) trials conducted in patients with 
a history of cancer, pregnant women, children and adoles-
cents, and (3) trials that implemented a structured dietary 
program (e.g., low fat [28] or low carbohydrate [29]) or 
dietary supplements (e.g. L carnitine, cayenne pepper).

Outcomes

Our main outcome was weight loss in kilograms (kg), while 
our secondary outcomes included health-related quality of 
life (HRQoL) and adverse events. Adverse events included 
any undesirable event reported in primary trials such as 
constipation, headache, muscle cramps, and diarrhea. We 
defined HRQoL as an individual’s assessment of well-being, 
including physical, mental, emotional and/or social health 
status [30, 31]. Measures for assessing different aspects of an 
individual’s HRQoL included generic measures and disease-
specific measures.

Screening and data extraction

After the study selection process, two reviewers (AJ and 
SS-B) independently and in duplicate extracted the fol-
lowing characteristics from each trial: the last name of the 
first author, year of publication, study design (parallel or 
cross-over), sample size, mean age, baseline weight (mean 
and SD), % female, intervention duration, follow-up dura-
tion, description of intervention/control arms, the dosage of 
foods or food groups, energy restriction (yes, no; if yes, kcal 
restriction details), exercise and/or physical activity (yes, no; 
if yes, details of exercise modality and duration), behavioral 
support (yes, no; if yes, details of support provided) [32], 
potential adverse events following a dietary intervention, and 
mean and corresponding SD of change from baseline weight 
for each arm. Disagreements were resolved by consensus 
between the two authors.

Risk of bias (quality) assessment

Two authors (AJ and SS-B) independently assessed the risk 
of bias of the trials using guidance outlined in the Cochrane 
tool for risk of bias assessment [24].

Data synthesis and analysis

We carried out Bayesian random-effects pairwise meta-anal-
yses for each comparison to inform direct estimates [33, 34]. 
We calculated mean differences (MDs) with corresponding 
95% credible intervals (CrI) for weight loss. We calculated 
changes from baseline weight following intervention with 
each food or food group relative to the control group. If the 
mean values and SDs of changes were not available in text or 
in graphs, we calculated these values using data from meas-
ures before and after the intervention, based on the Cochrane 
Handbook guidance [24]. For trials that reported standard 
error instead of SD, the former was converted to SD [24]. If 
either SD or standard error were not reported in the trials, 
we used the average SDs obtained from other trials included 
in the corresponding analyses [35]. For trials that reported 
median data instead of mean data, we converted the former 
to mean data using standard methods [36, 37].

We conducted a random-effects network meta-analysis 
also using a Bayesian framework [33, 34]. We used three 
Markov-chains with 100 000 iterations after an initial burn-
in of 10 000 and a thinning of 10. The convergence was 
assessed using trace plots and the Brooks-Gelman-Rubin 
statistic. We used node-splitting models to evaluate incoher-
ence and generate the indirect estimates. We calculated rank-
ing probabilities and calculated surface under the cumula-
tive ranking curves (SUCRA). Both pairwise meta-analysis 
and network meta-analyses were performed under the gemtc 
package of R version 3.4.3 (RStudio, Boston, MA).

We considered the following three effect modifiers if they 
were implemented in parallel with food group’s interven-
tion in primary trials: calorie restriction, physical activity, 
and behavioral support. Physical activity was defined as 
having explicit instructions for weekly physical activities 
performed under the supervision of investigators, or instruc-
tions to monitor physical activities using established tools 
(e.g. pedometer, time recorded exercising). Studies with 

Table 1  PICOS criteria for 
inclusion of studies

Population Adults older than 18 years

Intervention Dietary interventions to increase the consumption of foods or food groups 
including whole grains, refined grains, fruits, vegetables, fruits and vegetables 
combined, legumes, nuts, fish, red meat, white meat, processed meat, eggs, 
dairy, and sugar sweetened beverages

Comparator One of food groups or usual diet/no intervention
Outcome Weight loss
Study design Randomized controlled trials with an intervention duration of 4 weeks or longer
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behavioral support asked participants to attend at least two 
group or individual sessions per month for the first 3 months 
alongside increased consumption of food groups [32]. Using 
the U.S. Preventive Services Task Force (USPSTF) recom-
mendations, we defined a high-intensity intervention as more 
than 1 person-to-person (individual or group) session per 
month for at least the first 3 months of the intervention, a 
moderate intensity intervention as a monthly intervention, 
and anything less frequent is a low-intensity intervention 
[32]. We also considered calorie restriction as one of our 
effect modifiers. Any instructions to calorie restrict or docu-
mented or anticipated decrement in usual calorie intake in 
participants included in primary RCTs was considered as 
calorie restriction.

To test the potential effect modification by calorie restric-
tion, physical activity ***and behavioral support, we did 
a network meta-regression assuming a common coefficient 
across comparisons. Two pre-specified sensitivity analyses 
were also carried out by restricting the analyses to trials that 
were conducted exclusively in people with overweight or 
obesity (body mass index [BMI] ≥ 25), as well as trials rated 
to have a low risk of bias. We also conducted two post-hoc 
sensitivity analyses with trials wherein control group was 
usual diet/no intervention, as well as trials wherein weight 
loss was the primary outcome.

Publication bias

The potential for publication bias was assessed by evaluating 
the magnitude of asymmetry in the funnel plot by creating 
a comparison-adjusted funnel plot (Supplementary Fig. 1) 
[38].

Grading of the evidence

We rated the certainty of the evidence using the GRADE 
approach with two independent reviewers (AJ and SS-B). 
Any disagreements were resolved by consensus with a third 
reviewer (LG). We rated the certainty of the evidence as 
high, moderate, low, or very low for our direct, indirect, and 
network evidence for each outcome, respectively.

To start, we rated the certainty of the evidence for each 
direct comparison according to standard GRADE guidance 
[39]. We then rated the evidence for indirect estimates based 
on the dominant first-order loop and evidence of intransitiv-
ity [40]. Subsequently, we rated the certainty of network 
evidence based on the direct or indirect evidence that was 
the predominate comparison and then considered rating 
down the certainty in the network estimate imprecision and 
for incoherence between the indirect and direct estimates 
[40]. We used the GRADE guidelines to interpret the size 
of the effect and accordingly, point estimates less than mini-
mal clinically important difference (MCID) threshold was 

considered as trivial [41, 42]. The MCID for weight loss 
was considered as 5% weight loss [43], equal to 3.9 kg in 
the present meta-analysis.

Summary of most to least effective treatments

To present our overall results for our foods and food groups 
network meta-analysis, we used a new GRADE approach 
to summarize the findings, ranking food groups from the 
most to the least effective, considering the effect estimates 
obtained from the meta-analysis and the certainty of evi-
dence [11, 44]. According to this approach, dietary inter-
ventions were classified into the following three groups. 
First, the control group and food groups that did not differ 
from the reference (that is, credible interval crossed mean 
difference = 0), which we referred to as “among the least 
effective”. Second, food groups that were superior to the 
reference, but not superior to any other group superior to 
the reference (which we called category 1 and described as 
“inferior to the most effective, but superior to the least effec-
tive”). Third, food groups that proved superior to at least 
one category 1 group (which we called “among the most 
effective”). Finally, the aforementioned three categories 
were classified into two groups as follows: food groups with 
moderate or high certainty evidence relative to the placebo, 
and those with low or very low certainty evidence relative 
to the placebo [11].

Results

Literature search and study selection process

As described in Fig. 1, the initial database and reference lists 
search identified 45,363 records. We excluded 9121 dupli-
cates and 35,778 irrelevant articles based on screening of the 
title and abstract. These records were irrelevant to our aims 
and did not meet our inclusion criteria. Finally, we reviewed 
464 full-texts in detail for eligibility. Overall, 152 articles 
met our inclusion criteria and were considered eligible for 
our network meta-analysis. The list of studies excluded via 
full-text assessing with reasons for exclusions is provided in 
Supplementary Table 2.

Characteristics of primary trials included 
in the network meta‑analysis

Supplementary Table 3 summarizes the general character-
istics of 152 primary trials included in this network meta-
analysis. Included trials were published from 1983 to 2020. 
Overall, 109 trials (72%) had parallel design and 43 trials 
(28%) had a cross-over design. Follow-up duration ranged 
between 4 and 72 weeks. The intervention period of 114 
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trials (75%) lasted between 4 to ≤ 12 weeks, 27 trials (18%) 
between 12 and ≤ 24 weeks, and 11 trials (7%) > 24 weeks. 
Of 152 trials, 62 trials (41%) were conducted exclu-
sively in adults with overweight and obesity (body mass 
index ≥ 25 kg/m2) and considered weight loss as a primary 
outcome or one of the primary outcomes, while the other 
trials were conducted in a mixed population (normal weight, 
overweight, obese often with multiple cardiovascular risk 
factors). Forty-three trials (28%) were conducted in women, 
four in men, and the others in either sex. Fifty-one trials 
(34%) implemented a calorie-restricted diet alongside die-
tary intervention, 26 trials (17%) implemented behavioral 
support, and 17 trials (11%) a physical activity program. 
Sixty-one trials (40%) considered weight loss as a primary 
outcome or one of their primary outcomes, and 47 trials 
(31%) used usual diet/no intervention as control group. Of 
the trials, 63 (41%) were rated to have a low risk of bias 
(Supplementary Table 4).

Effects of food groups on body weight

The network diagram presenting direct comparisons between 
food groups is indicated in Fig. 2. Included trials performed 
a broad range of comparisons between food groups. The 
most common comparisons between food groups were 
between whole grains and refined grains (n = 28) and nuts 
and refined grains (n = 12).

Comparative effects of different food groups on body 
weight are presented in Table 2. According to the results, 
increased fish intake may lead to trivial weight loss when 
compared with the control group (MD − 0.84, 95% CrI 
−  1.66, -0.02; GRADE = low certainty). Whole grains 
(MD − 0.44 kg, 95% CrI − 0.88, 0.0; GRADE = very low 
certainty) and nuts (MD − 0.37, 95% CrI − 0.72, − 0.01; 
GRADE = low certainty) may lead to trivial weight loss 
when compared with the control group. Increasing the 
consumption of other food groups also led no difference in 
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weight loss either when compared with the control group or 
when compared with other food groups (Table 2). Fish was 
ranked to have the highest SUCRA value (86%), followed 
by whole grains (67%), vegetables (64%), and nuts (60%) 
(Table 3). Detailed direct, indirect, and network estimates 
for the effects of food groups on body weight are presented 
in Supplementary Table 5, and the percentage contribution 
of direct and indirect estimates to the network estimates are 
depicted in Supplementary Table 6.

Sensitivity and subgroup analyses

We did two sensitivity analyses by restricting the analyses 
to studies with a low risk of bias (Supplementary Table 7) 
and studies conducted in participants who were overweight 
and/or obese (Supplementary Table 8). The trivial impact 
of fish, whole grains, and nuts was no longer apparent for 
weight loss in studies with low risk of bias, as well as in 
participants with overweight and obesity. There was trivial 
weight loss following increased consumption of other food 
groups in sensitivity analyses. We also performed two post-
hoc sensitivity analyses by restricting the analysis to trials 
wherein weight loss was a primary outcome (n = 61) and to 
trials with usual diet or no intervention as the control arm 
(n = 47). No significant weight loss was seen in the analysis 
of trials with weight loss as a primary outcome (Supple-
mentary Table 9), whilst the same findings with the main 
analysis were seen in the analysis of trials with usual diet or 
no intervention as control group (Supplementary Table 10).

To determine potential effect modification by calorie 
restriction, physical activity, and behavioral support, we did 
network meta-regression analyses. The analyses illustrated 

that none of the regression factors including calorie restric-
tion (β-coefficient = 0.08, 95% CI − 0.43, 0.58), behavioral 
support (β-coefficient = − 0.28, 95% CI − 0.97, 0.41) and 
physical activity (β-coefficient = 0.37, 95% CI − 0.34, 1.09) 
had statistically significant effects. The effects of three effect 
modifiers including calorie restriction, physical activity, and 
behavioral support on the results are reported in Supplemen-
tary Tables 11–13, respectively. The results were the same 
with the main analyses, wherein fish, whole grains and nuts 
showed trivial or no impact for weight loss when compared 
with the control group, with the point estimates smaller than 
1 kg. Other food groups showed no promise for weight loss.

Grading the evidence and summary of more 
and less preferred treatments

The certainty of the evidence for direct and indirect esti-
mates is presented in Supplementary Table 14 and Sup-
plementary Table 15, respectively. The certainty of the 
evidence for the network estimates was rated moderate for 
the comparison between whole grains vs legumes and fruits 
vs control group. The certainty of the evidence was rated 
low to very low for all other food groups (Supplementary 
Table 16). The magnitude of weight loss for all comparisons 
was trivial (< 1 kg), not meeting our MCID for weight loss 
(5% of baseline weight, equal to 3.9 kg) [45, 46].

Based on GRADE methods for ranking foods and food 
groups from the most to the least effective, considering the 
effect estimates obtained from the meta-analysis and the 
certainty of evidence, we found fish was the most effective 
food group for weight loss followed by nuts, vegetables, and 
whole grains, but again these interventions had little to no 

Fig. 2  Network plot of all 
included trials for major food 
groups. The size of the nodes is 
proportional to the total number 
of participants allocated to each 
food group, and the thickness of 
the lines is proportional to the 
number of trials evaluating each 
direct comparison. Numbers are 
the number of trials evaluating 
each direct comparison. SSB, 
sugar-sweetened beverages
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effect overall when considering the magnitude of effect and 
the certainty of the effect estimate. Again, all point estimates 
were smaller than 1 kg and based on low to very low cer-
tainty evidence (Table 4).

Health‑related quality of life

Five trials assessed and reported the effects of fat-free milk, 
eggs, pistachios, walnuts, and strawberries on aspects of 

health-related quality of life. No significant or clinically 
important effects on quality of life were reported (Supple-
mentary Table 17).

Adverse events

Of the trials, 35 trials evaluated and recorded adverse events 
following dietary interventions. Only one serious adverse 
event requiring hospitalization (atrial fibrillation) following 
increased consumption of mixed nuts was reported [47]. The 
event was determined to be unrelated to dietary intervention. 
Otherwise, adverse events were mild to somewhat moderate, 
consisting of gastrointestinal discomfort, abdominal pain, 
constipation and diarrhea, and were related to increasing 
the consumption of whole grains, fruits, legumes, and dairy 
(Supplementary Table 18).

Discussion

The present systematic review and network meta-analysis of 
RCTs is the first to assess and rank the comparative effects of 
different foods or food groups on body weight in adults with 
and without overweight and/or obesity. According to our 
findings, obtained from 152 trials, increasing the consump-
tion of fish, nuts, and whole grains resulted in trivial weight 
loss in adults, with the point estimates smaller than 1 kg 
and with the certainty of evidence being rated low to very 
low. Interventions with other foods or food groups showed 
even less promise for weight loss when compared with either 
the control group or other food groups. Surprising, perhaps 
subject to the limitations of a small combined sample size 
(n = 288 participants) and short follow-up duration, among 
6 RCTs we found little or no effect on body weight follow-
ing dietary interventions comparing sugar-sweetened bever-
ages with dairy (MD 1.10, kg, 95% CrI − 0.65, 2.82), fruits 
(0.03 kg, 95% CrI − 1.83, 1.90), or usual diet (MD 0.15 kg, 
95% CrI − 1.67, 1.37).

We did two sensitivity analyses by restricting the analyses 
to studies with a low risk of bias, as well as trials includ-
ing only individuals with overweight or obesity. Fish, whole 
grains and nuts or other foods or food groups were not effec-
tive for weight loss in trials with a low risk of bias, or in 
trials (n = 62) restricted to participants with overweight or 
obesity. We also performed network meta-regression to test 
for potential effect modification by calorie restriction, physi-
cal activity, and behavioral support. None of the regression 
factors had significant effects, and the estimates of effect 
remained largely unchanged.

To our knowledge, there has been no systematic review 
on the effects of other foods or food groups such as refined 
grains, red meat, egg, fruits, vegetables, fish, and sugary 
sweetened beverages on weight loss. In addition, potential 

Table 3  Food group relative ranking for weight loss

SSB, sugar-sweetened beverages; SUCRA , surface under the cumula-
tive ranking curves

Food group SUCRA 
values 
(%)

Fish 87
Whole grains 67
Vegetables 64
Nuts 60
Legumes 59
Fruits and vegetables 50
Dairy products 50
Fruits 49
Red meat 48
Egg 40
Refined grains 33
SSBs 25

Table 4  Summary of results of food groups network meta-analysis 
for weight loss

The number is the point estimates of effect in comparison with con-
trol group
Bold value: “maybe among the most effective” with low certainty
Bold italic: “inferior to the most effective/superior to the least effec-
tive” with low certainty
Italic value: “maybe among the least effective” with low or very low 
certainty

Food group vs control Weight loss (kg)

Fish − 0.85
Nuts − 0.37
Vegetables − 0.55
Whole grains − 0.44
Legumes − 0.37
Fruits and vegetables − 0.29
Dairy − 0.28
Fruits − 0.27
Red meat − 0.26
Refined grains − 0.14
Egg − 0.13
SSB 0.11
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weigh loss effects of food groups relative to every other food 
group have not been evaluated using network meta-analysis 
methods. Overall, our results show a trivial impact for 3 of 
14 foods or food groups. Future studies of foods and food 
groups for weight-loss should be discouraged so as to avoid 
misleading participants and to mitigate the use of resources 
on wasteful research questions.

With respect to other reviews, two published meta-anal-
yses of RCTs suggested that increasing the consumption of 
whole grain products can slightly reduce body weight in 
adults [21, 48]. However, another recent meta-analysis indi-
cated that increasing the consumption of whole grains did 
not affect body weight in adults [22]. Our findings consist-
ently indicated that whole grain intake led to a trivial reduc-
tion in body weight. Increased consumption of nuts has also 
been shown to have no or trivial effects on anthropometric 
measures in adults [20, 48–52]. Similarly, five published 
meta-analyses of randomised trials suggested that dairy 
consumption in the absence of calorie restriction had no 
significant effects on body weight in adults [16, 19, 53–55].

Our paper has a number of strengths. First, we included 
a large number of randomised trials on foods and food 
groups and we analysed the trials according to a prede-
fined approach established based on our publicly available 
study protocol [26]. Second, we applied a novel statisti-
cal approach to determine and rank the effects of different 
foods and food groups on weight loss in adults. This method 
allowed for the first time, the quantification of the compara-
tive effects of foods and food groups. Third, we rated the 
certainty of evidence using the emerging GRADE approach 
[56, 57] to rank foods and food groups from the most to the 
least effective, a method that combines SUCRA rankings 
with GRADE certainty of evidence as well as the magnitude 
of the effects to optimally classify the comparative effective-
ness of interventions. Fourth, of 152 trials, 62 trials (41%) 
were conducted exclusively in overweight and obese partici-
pants and considered weight loss as a primary outcome or 
one of the primary outcomes. A sensitivity analysis restrict-
ing to participants with overweight and obesity indicated 
no significant effect of foods or food groups on weight loss 
which confirmed the main findings. Finally, we evaluated 
the effects of food or food groups on HRQoL and recorded 
adverse events following dietary interventions, indicating 
that dietary interventions with food groups had no signifi-
cant effects on HRQoL. There is only one serious adverse 
event unrelated to study interventions. Otherwise, adverse 
events were mild to somewhat moderate.

Our network meta-analysis is also accompanied by some 
limitations. First, the certainty of the evidence for almost 
all network estimates was rated as low to very low because 
of the serious risk of bias, imprecision, and inconsistency. 
Second, the majority of trials are short-term with 114 tri-
als (75%) lasting between 4 and ≤ 12 weeks, while 11 trials 

(7%) lasted longer than 24 weeks and we are, therefore. 
unable to determine the long-term effects of food groups on 
weight loss. Third, although we searched the literature, we 
did not find any RCTs that evaluated the effects of processed 
and white meats on weight loss. Finally, while the use of 
an MCID estimate to interpret our weight-loss results was 
an overall strength, the population among our 152 RCTs 
was mixed (normal weight, overweight and obese, most 
with multiple cardiovascular risk factors). Of 152 trials, 62 
trials were conducted in strictly overweight and/or obese 
participants (for our MCID based on 5% of the average 
baseline weight = 4.36 kg), while the other 90 trials were 
conducted in mixed populations (5% of the average base-
line weight = 3.6 kg). We used 5% of the average baseline 
weight among all eligible trials (3.9 kg) as MCID to rate for 
imprecision. The effect size did not surpass 1 kg in either the 
overweight/obese participants or in our main analysis, with 
the overall results showing trivial effects when considering 
our lowest MCID estimate of 3.6 kg.

Clinical and public health implications

Currently, important weight loss is defined as 5% baseline 
weight [58, 59], with some evidence suggesting that 3 to 
5% loss can exert significant improvement in obesity-related 
cardiometabolic abnormalities such as blood pressure, par-
ticularly in those that are obese [60]. However, the greatest 
degree of weight loss observed in our network meta-analysis 
was − 0.85 kg (~ 1% of baseline weight) following increased 
consumption of with fish, which was far less than the MCID 
for weight loss in those with and without overweight issues. 
Still further, weight loss associated with increased consump-
tion of whole grains and nuts was even smaller at 0.5 kg 
(~ 0.65% of baseline weight). Our findings indicated that 
increasing the consumption of a specific food or food group, 
when compared with either usual diet or other food groups, 
had trivial effects on body weight.

Conclusions and future research

The present network meta-analysis of 152 randomised tri-
als indicated that increased consumption of a single food 
or food group exerted no or trivial effects on weight loss in 
adults, with the certainty of evidence being rated moderate 
to very low. Further trials on single foods or food groups for 
weight loss should be discouraged, particularly if there are 
no important effects on other cardiometabolic risk factors. 
Overall, our results show a trivial impact for 3 of 14 foods 
or food groups. Future studies of foods and food groups for 
weight-loss should be discouraged so as to avoid misleading 
participants and to mitigate the use of resources on wasteful 
research questions.
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