
1

(page number not for citation purpose)

Food & Nutrition Research 2022. © 2022 Jøran Hjelmesæth and Agneta Sjöberg. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose,  
even commercially, provided the original work is properly cited and states its license. Citation: Food & Nutrition Research 2022, 66: 8814 - http://dx.doi.org/10.29219/fnr.v66.8814

research
food & nutrition

REVIEW ARTICLE

Human body weight, nutrients, and foods: a scoping review

Jøran Hjelmesæth1,2* and Agneta Sjöberg3

1Morbid Obesity Centre, Department of Medicine, Vestfold Hospital Trust, Tønsberg, Norway; 2Department of 
Endocrinology, Morbid Obesity and Preventive Medicine, Institute of Clinical Medicine, University of Oslo, Norway; 
3Department of Food and Nutrition, and Sport Science, University of Gothenburg, Gothenburg, Sweden

Abstract

Background: The aim of this article (scoping review) is to elucidate the current knowledge for the potential role 
of body weight for setting and updating Dietary Reference Values (DRVs) and Food-Based Dietary Guide-
lines (FBDGs). The following research questions were formulated:
1.  What is known about the association between intakes of specific nutrient and/or foods (exposure/interven-

tion) and body weight (outcome) in the general population?
2.  What is known about the association between body weight (exposure) and intakes of specific nutrient and/

or foods (outcomes)?
3.  Is there any evidence suggesting specific effects of foods or nutrients on body weight independent of caloric 

content?
Methods: To identify potentially relevant articles, PubMed was searched from January 1, 2011 to June 9, 
2021. The search strategy was drafted by the NNR2022 Committee. The final results were exported into End-
Note. Systematic reviews (SRs), scoping reviews (ScRs), reviews, and meta-analyses (MAs) on the topic ‘Body 
weight’ published between January 1, 2011 and June 9, 2021, including human participants from the general 
population, in English or Scandinavian language (Norwegian, Swedish, or Danish), were considered eligible.
Main findings: First, the overall body of evidence based on findings from SRs and MAs of observational and 
clinical studies indicates that changes in intakes of specific nutrients (sugar, fiber, and fat) and/or foods (sugar 
sweetened beverages, fiber rich food, and vegetables) are associated with modest or small short-term changes 
(0.3–1.3 kg) in body weight in the general population (with or without obesity/overweight), while long-term 
studies are generally lacking. Second, no study in our search assessed any association between body weight 
(exposure) and intakes of specific nutrients or foods (outcomes). Third, limited evidence suggests, but does 
not prove, that some foods or nutrients may have specific effects on body weight or body weight measures 
independent of caloric content (e.g. nuts and dairy). These findings may inform the setting and updating of 
DRVs and FBDGs in NNR2022.
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Rationale
Obesity is a chronic disease, which is associated with 
increased risk for several Noncommunicable diseases 

(NCDs), including  cardiovascular diseases, type 2 diabetes, 
some cancers, and chronic respiratory diseases, including 
obstructive sleep apnea (WHO/Europe|WHO European 

Popular scientific summary
•  Higher intakes of sugar, sugar sweetened beverages, and saturated fat are associated with small 

short-term increases in bodyweight (≤1 kg).
•  Higher intakes of fiber, fiber-rich food, and vegetables are associated with small short-term decreases 

in bodyweight (≤1 kg).
•  Longer-term (>1 year) studies are generally lacking.
•  No study assessed whether higher bodyweight may cause increased food intake.
•  Some foods may affect body weight independent of caloric content.
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Regional Obesity Report 2022). In 2016, the age standard-
ized prevalence of adult overweight (including obesity) in 
the Nordic-Baltic region varied between 55% (Denmark) 
and 60% (Lithuania), with an obesity prevalence between 
20% (Denmark) and 26% (Lithuania). Using the WHO 
growth reference, the prevalence of overweight (including 
obesity) among school-aged children varied from 23% 
(Estonia) to 31% (Iceland), and among adolescents from 
19% (Lithuania) to 27% (Iceland). Despite several action 
plans to stop the obesity epidemic, the prevalence of over-
weight and obesity in the WHO European Region has 
increased, and no member state seems to reach the target 
of halting the rise in obesity by 2025 (WHO/Europe|WHO 
European Regional Obesity Report 2022).

It is well known that body weight (outcome) is influ-
enced by the balance between energy intake and energy 
expenditure, which both may be affected by dietary 
patterns and food and nutrient intakes (exposures) (1). 
However, the opposite is also true, as body composition 
influences both energy expenditure (resting metabolic 
rate) and intake (2). Therefore, people with obesity have 
to struggle against both increased appetite and dimin-
ished satiation and satiety before, during, and after meals 
(2). Furthermore, there is an ongoing debate whether the 
simple energy balance theory is sufficient to explain dif-
ferences in body weight, and particularly, whether some 
foods or nutrients affect body weight beyond their intrinsic 
caloric content (3). However, energy balance will be more 
specifically addressed in another chapter of NNR2022.

The NNR2012 (Nordic Nutrition Recommendations 
2012 Integrating nutrition and physical activity ISBN 
978-92-893-2670-4, link Nordic Nutrition Recommenda-
tions 2012|Nordic cooperation (norden.org)) concluded 
as follows about the relationship among dietary patterns, 
nutrients, and overweight/obesity (pp. 36–37).

First, ‘the evidence linking a higher dietary fibre intake 
to reduced weight gain is clear’ (prospective studies). Sec-
ond, ‘No other evident associations between macronutri-
ent and weight change in adults were observed in NNR 
systematic review (SR) on diet and long term weight 
change’. ‘However, combined results from intervention 
studies not designed for intentional weight loss show that 
reduced total fat intake was associated with a modest 
weight reduction’. Third, ‘Also, reduced intake of sugar 
and sugar sweetened beverages (SSBs) has been associated 
with modest weight loss’. Fourth, ‘there is clear evidence 
that fibre-rich foods (examples) and perhaps also dairy 
products, are associated with reduced weight gain’. Fifth, 
‘refined cereals, sugar-rich foods and drinks, red meat, 
and processed meat are associated with increased weight 
gain in long-term studies’.

This scoping review (ScR) aims to assess newer evi-
dence published after the SR implemented in NNR2012 
to inform other chapters in NNR2022.

Objectives
This ScR of reviews was conducted in order to ‘system-
atically map the evidence or any gaps in knowledge of 
the associations between intakes of specific nutrient and/
or foods and body weight’. The aim of this chapter is to 
elucidate the current knowledge for the potential role of 
body weight for setting and updating DRVs and FBDGs.

The following research questions were formulated:

1.  What is known about the association between 
intakes of specific nutrient and/or foods (exposure/
intervention) and body weight (outcome) in the 
general population?

2.  What is known about the association between body 
weight (exposure) and intakes of specific nutrient 
and/or foods (outcome)?

3.  Is there any evidence suggesting specific effects of 
foods or nutrients on body weight independent of 
caloric content?

Methods

Protocol and registration
This ScR follows the protocol developed within the 
NNR2022 project (‘The Nordic Nutrition Recommenda-
tions 2022 – Instructions to authors of chapter’), and the 
protocol can be found on the official NNR2022 website 
(Please, see link https://www.helsedirektoratet.no/english/
nordic-nutrition-recommendations-2022). The sources of 
evidence used in the chapter follow the eligibility criteria 
described in the paper ‘The Nordic Nutrition Recommen-
dations 2022 – Principles and methodologies’ published in 
Food & Nutrition Research (4). We have followed the pro-
cedures of the PRISMA Extension for Scoping Reviews 
(PRISMA-ScR) defined by the EQUATOR Network 
(5). None de novo NNR2022 SRs or qualified SRs are 
included as source of evidence in the chapter ‘The Nordic 
Nutrition Recommendations 2022 – prioritisation of top-
ics for de novo systematic reviews’ (6).

Eligibility criteria
Systematic reviews, ScRs, reviews, and meta-analyses (MAs) 
on the topic ‘Body weight’ published between January 1, 
2011 and June 9, 2021, including human participants from 
the general population, in English or Scandinavian language 
(Norwegian, Swedish, or Danish), were considered eligible.

Exclusion criteria
Articles with incorrect language, population, interven-
tion/exposure, outcome, or study design were excluded 
from further review:

1.  Language (non-English or non-Scandinavian)
2.  Population clearly different from the general 

population or people with disease (e.g. cancer, 
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cardiovascular disease, diabetes, hypertension, and 
psychiatric disease)

3.  Interventions or exposures not directly related 
to food or nutrient intake (i.e. exercise, drugs, 
surgery, supplements, genetics, epigenetics, non-
specific multicomponent intervention including 
behavioral therapy and/or exercise, other or no 
defined intervention/exposure, and physiological 
mechanisms)

4.  Outcomes other than body weight or intakes of 
food/nutrients (e.g. obesity-related diseases and 
other)

5.  Study design (not review, ScR, SR, or meta-analysis)

Information sources
To identify potentially relevant articles, PubMed was 
searched from January 1, 2011 to June 9, 2021. The search 
strategy was drafted by the NNR2022 Committee. The 
final results were exported into EndNote.

Search
PubMed was searched with the search terms ‘Body AND 
weight’ restricted to

1.  Body and weight
2.  Publication date from January 1, 2011 to June 9, 

2021
3.  Filter: Humans
4.  Publication type: Review/SR/meta-analysis
5.  Topic title

Body[TI] AND weight[TI] – Search Results – PubMed 
(nih.gov)

Selection of sources of evidence
Both reviewers screened the same 443 publications (titles 
and abstracts), discussed the results, and amended the 
screening and data extraction manual before beginning 
screening for this review. Both sequentially evaluated the 
titles, abstracts, and then full text of all publications iden-
tified by our searches for potentially relevant publications. 
We resolved disagreements on study selection and data 
extraction by consensus.

Data charting process
A data-charting form was developed to determine which 
variables to extract. The two reviewers independently 
charted the data, discussed the results, and continuously 
updated the data charting form in an iterative process.

Data items
We abstracted (categorized) data on year of publication, 
study design, country of origin, aim, population, inter-
vention/exposure/outcomes, and key findings.

Synthesis of Results
We grouped the publications by the major exposures/
interventions such as foods and/or macronutrients and 
non-nutritive sweeteners (NNS) to meet the objectives 
of  the ScR. The evidence is presented in a narrative for-
mat in text and table and grouped as A) sugar intake, 
SSBs, and non-caloric/low-calorie sweeteners (NNSs); 
B) whole grain and fiber; C) vegetables, fruits, nuts, and 
seeds; D) dairy/dairy proteins; E) diets according to 
food or macronutrient composition; F) macronutrient 
composition – fats; G) water, tea, coffee, and alcohol; 
and H) meat.

Results

Selection of sources of evidence
The search revealed 443 citations from which the titles 
and abstracts were initially assessed for eligibility. A total 
of  343 citations were excluded for the following reasons: 
incorrect language (n = 24), incorrect population (n = 
70), incorrect intervention/exposure (n = 200), incor-
rect outcome (n = 45), or incorrect study design (n = 4) 
(Fig. 1, flow diagram). The remaining 100 citations were 
evaluated as full text articles, and additionally, 26 cita-
tions were excluded due to incorrect population (n = 2), 
incorrect intervention/exposure (n = 17), incorrect out-
come (n = 4), or incorrect study design (n = 3), resulting 
in 74 publications. In addition, 13 citations were excluded 
because they were covered by other ScRs in NNR2022 
(meal frequency/intermittent dieting/time restricted feed-
ing (n = 9) and energy (n = 4)), leaving 61 citations eligi-
ble for the ScR.

Characteristics of sources of evidence
The results according to relevant intervention or exposure 
categories in the 61 publications are presented in Table 1. 
The number of studies available per intervention/expo-
sure varied from 1 (meat) to 13 (sugar intake, SSBs, and 
NNSs). None of the publications assessed the effect of 
overweight/obesity on food/nutrient intake.

An overall summary of the results within each category 
of intervention/exposure is shown in Table 1, and the 
main findings are presented below.

A) Sugar intake, SSBs, and NNSs

Sugar and sugar sweetened beverages
Two SRs and MAs of the effects of fructose (12) and 

dietary sugars (13), respectively, and one SR of reviews 
(10) showed evidence that increased intake of sugar or 
SSBs in short-term clinical trials was associated with 
modestly increased body weight (0.8 kg) (13), and that 
reducing sugar intake was associated with modestly 
reduced body weight (0.8 kg) (13). Importantly, these 
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results seemed to be explained by changes in energy intake 
rather than an independent effect of monosaccharides or 
disaccharides on body weight (8, 12, 13).

Non-nutritive sweeteners
One recent SR and MA of 20 randomised controlled trial 
(RCTs) (15) including 2,914 participants with the dura-
tion of 4–77 weeks showed that participants consuming 
NNS showed small but significant weight/body mass index 
(BMI) differences favoring NNS compared with non-users 
(–1.3 kg). However, NNS versus placebo/no intervention 
and NNS versus water produced no effect. When compar-
ing NNS with sucrose, significant weight/BMI differences 
appeared favoring NNS. The effect was more evident when 
NNS was used as a substitute for sucrose, especially in 
adults, in subjects presenting with overweight/obesity, and 
in those following an unrestricted diet (≈ 1 kg). Two other 
SRs and MAs of RCTs and prospective cohort studies 
(18, 19) showed similar results in RCTs, with no convincing 
evidence that low-calorie sweeteners were associated with 
weight gain in prospective cohort studies.

B) Whole grain and fiber

A recent MA of RCTs and qualitative analysis of pro-
spective cohort studies (20) reported no significant effect 
of short-term whole grain intervention on BMI-change in 
adult people. By contrast, higher whole grain intake was 
significantly inversely associated with BMI in prospective 
cohort studies.

Regarding fiber, pooled analysis of 62 RCTs (n = 3,877) 
showed small reductions in body weight (−0.33 kg), BMI 
(−0.28), and waist circumference (−0.63 cm), at a median 
dose of 6.7 g viscous fiber/d (range: 0.8–36 g/d) for a median 
(range) duration of 10 (4–52) weeks (25). Foods with high 
fiber content are discussed in the next paragraph (C).

C) Vegetables, fruits, nuts, and seeds

Vegetables and fruits. Only one MA of eight RCTs (mean 
follow-up 15-week, up to 1-year) compared high versus 
low intake of vegetables and fruits, mean difference 133 g 
(28), showing a small reduction in body weight or reduced 
weight regain (0.7 kg, 95% CI 0.2–1.2).

Fig. 1. Flow diagram.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71
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Intervention / Exposure (n = 200)
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Concerning nuts, three narrative reviews (32–34) dis-
cussed the role of nut consumption on body weight. Based 
on the available evidence from prospective studies, long-
term nut consumption is associated with lower weight 
gain (33). Bottom line data from epidemiologic studies 
suggest that a diet including nuts does not increase and 
could potentially support a stable body weight. However, 
long-term RCT studies are needed to evaluate the effects 
of daily realistic consumption of nuts on body weight as a 
primary outcome (32).

Seeds. As shown in a SR and MA of 28 of 45 RCTs, 
the consumption of flaxseed may affect body weight and 
body composition (37). A modest effect was found when 
supplementing with either whole flaxseed or flaxseed oil, 
minus 1.0 (–1.7 to –0.3) kg. Subgroup analyses showed 
that flaxseed consumption reduced body weight, BMI, and 
waist circumference (WC) only among participants with 
BMI ≥ 27 kg/m2, and longer interventions showed larger 
effects of whole flaxseed in the diet (37). By contrast, for 
psyllium, no effect on body weight was observed (36).

D) Dairy/dairy proteins

Dairy consumption was suggested to have a weak inverse 
association with body weight gain in a review of studies 
of different study design (46). Furthermore, increased 
weight loss and preservation of lean body mass during 
energy restriction were reported with increasing intake of 
dairy products. However, a more recent MA of 37 RCTs 
including 3,007 adults showed that overall, there was no 
significant difference in body weight change between the 
dairy intervention and control groups (0.01 kg, 95% CI: 
−0.25, 0.26), but high dairy consumption was associated 
with an increase in lean mass (0.37 kg, 95% CI: 0.11, 0.62) 
(39). By contrast, during energy restriction of ≤600 kcal in 
16 RCTs, dairy included in the diet resulted in reduction 
in body weight, −0.64 kg, 95% CI: −1.05, −0.24 kg (39). 
Another MA of RCTs with energy restriction reported 0.9 
kg larger weight loss and smaller loss of lean mass (0.4 kg) 
in the dairy food and supplements groups as compared 
with energy restricted controls (41).

E)  Diets according to food or macronutrient composition

Glycaemic index/load. Findings regarding any association 
between Glycemic Index (GI) and Glycemic Load (GL) 
and body weight are equivocal (observational studies). 
Although one shorter-term study (8-week) suggested a 
benefit from lowering the GI of the diet for greater weight 
loss, longer-term highly controlled feeding interventions 
suggested that manipulating the GI does not make a dif-
ference in weight-related  outcomes (48). By contrast, SR 
and MA of 32 RCTs median  follow-up of 12 weeks (Inter-
quartile range (IQR) 9–21 weeks) demonstrated that pasta 
in the context of low-GI dietary patterns slightly reduced 
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body weight, −0.63 kg (−0.84 to –0.42 kg) compared with 
higher-GI controls (49).

Vegan/vegetarian. A(n) MA of four clinical trials, two 
including patients with rheumatoid arthritis and two 
including employees of the Government Employees Insur-
ance Company (GEICO) with overweight or type 2 diabe-
tes, showed relatively large reductions in body weight after 
3–13 months treatment with vegan and/or vegetarian diets 
compared with controls, –3.4 (–4.4 to –2.4) kg (51, 68–71). 
The two studies of people with overweight or type 2 dia-
betes prescribed a low-fat vegan diet for 18 or 22 weeks in 
the intervention groups, resulting in 2.8 and 5.3 kg larger 
mean weight loss than in the control groups (68, 69).

Low-carb-high fat versus high-carb-low fat. A recent 
review of MAs of RCTs (n = 17) (n = 8 without diabetes 
or prediabetes) concluded that intervention with low-carb 
diets resulted in more reduction in body weight in the first 
6 months compared with high-carb-low-fat diets (HCLF) 
(52). However, in interventions with longer duration, 
most pronounced in studies >12 months, low-carb diets 
did not have better effect on weight reduction compared 
with HCLF diets. This is partly in contrast to the results 
of a Norwegian MA of 11 RCTs, concluding that typical 
low-carb diet interventions (starting with CHO ≤20–40 
g/d in the first phase or <20% of total energy intake) last-
ing 6–24 months resulted in a larger mean reduction in 
body weight compared with typically low-fat diets (<30% 
of energy as fat), –2.17 (95% CI –3.36 to –0.99) kg (54).

F) Macronutrient composition – fats

Fats. The most recent SR and MA of RCTs and cohort 
studies regarding the effects of proportion of energy 
intake from fat on measures of weight and body fatness 
showed a moderate effect of reducing the proportion of 
dietary fat, –1.5 kg (95% CI –2.0 to –1.1 kg) in compar-
ison with the usual diet (58). A dose-response effect was 
observed with larger reductions in body weight as a result 
of lower proportions of fat.

G) Water, tea, coffee, and alcohol

Few reviews in the search addressed the potential associ-
ation among the intake of water (62, 63), tea (64, 65), or 
alcohol (66). Two studies with populations participating 
in a program for weight loss or maintenance, one non- 
randomized interventional trial, and one observational 
longitudinal study suggested that increased water con-
sumption may have the potential to reduce body weight 
(63). Regarding the potential associations among tea, cof-
fee, alcohol, and BW, the evidence is sparse or absent.

H) Meat

One SR of seven experimental and five observational 
studies and MA of eight (six experimental) studies (67) 

showed null or inverse associations between pork intake 
and body weight, body fat percentage, and fat mass. In the 
experimental studies with energy restrictions, pork intake 
was associated with reduced body weight by 5.6 kg (95% 
CI 0.6–10.6), lean mass by 1.5 kg (95% CI 1.4–1.6), and 
fat mass by 6.6 kg (95% CI 6.4–6.8). Pork intake was not 
associated with overweight/obesity in the observational 
studies.

Discussion

Main findings related to research questions
First, the overall body of evidence based on findings 
from SRs and MAs of observational and clinical inter-
vention studies indicates that changes in intakes of spe-
cific nutrients (sugar, fiber, protein, and fat) and/or foods 
(SSB, fiber rich food, and vegetables) are associated with 
modest or small short-term changes in body weight in the 
general population (with or without obesity/overweight), 
while long-term studies are generally lacking. Second, 
no study in our search assessed the association between 
body weight (exposure) and intakes of specific nutrients 
or foods (outcomes). Third, limited evidence suggests, but 
does not prove, that some foods or nutrients may have 
specific effects on body weight or body weight measures 
independent of caloric content (e.g. nuts and dairy).

Discussion of specific findings

Nuts
Nuts alone or as part of dietary patterns have been recom-
mended for cardiovascular health, but it has been ques-
tioned whether their high energy density may contribute to 
weight gain. By contrast, two narrative reviews suggested 
that nut consumption does not promote weight gain (32), 
and that long-term nut consumption is associated with 
reduced weight gain (33). A recent SR, MA, and dose- 
response meta-regression of seven prospective cohorts 
and 86 RCTs (not covered by our search) concluded that 
nuts were associated with slightly lower incidence of over-
weight/obesity (RR 0.93 [95% CI 0.88 to 0.98], P < 0.001) 
in prospective cohorts (72). However, MA of RCTs did not 
show any significant effect of nuts on body weight. Meta- 
regression showed that higher nut intake was significantly 
associated with reductions in body weight and body fat (72). 
The lack of association between nut consumption and over-
weight/obesity may have several explanations. First, nuts 
are rich in protein and fiber, both associated with increased 
satiety. Second, proteins have a high diet-induced thermic 
effect. Third, the physical structure of nuts may contribute 
to fat malabsorption. In view of these, the calories obtained 
by the body from nut consumption may be overestimated 
by approximately 16–25% depending on the nut type and 
form (72).
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Dietary patterns

Vegan/vegetarian diets
The MA including four controlled intervention studies 
assessing vegan and vegetarian diets requires attention 
since –3.4 kg is the largest effect presented in this ScR 
(51). However, these findings might not be generalizable 
to the general population. First, two of four studies in the 
MA included <30 patients with rheumatoid arthritis who 
were allocated to restricted vegan diets (70, 71). Second, 
the two other studies assessed the effect of intensive work-
place interventions in 113 and 291 participants with over-
weight and/or type 2 diabetes (68, 69). A recent SR by Tran 
et al. (73) (not covered by our search) included these four 
studies in addition to 15 other clinical trials assessing the 
effects of plant-based diets on weight status. The majority 
of these were RCTs comparing a low-fat vegan diet with 
an omnivore diet in participants with overweight, type 2 
diabetes, and/or cardiovascular disease. The authors con-
cluded that a shift to a plant-based diet may support a 
healthy body weight but did not perform an MA (no effect 
size was given). Factors that may improve weight status 
are higher intakes of fiber, unsaturated fats, and plant pro-
teins, together with increased thermic effect of foods, and 
reduced intake of energy, saturated fats, and animal pro-
teins (73). These beneficial effects may be partly mediated 
by a less obesogenic gut-microbiota composition (73).

The Mediterranean and Nordic diets (not covered 
by our search)

A recent SR of eight intervention studies (8-week to 
3-year follow-up) and 47 observational studies, the major-
ity of low quality, concluded that ‘there is only limited 
evidence of a beneficial effect of following a traditional 
Mediterranean diet to maintain a healthy body weight 
in childhood’ (74). Furthermore, an SR of five RCTs in 
adults concluded that the Mediterranean diet resulted in 
similar weight loss as comparator diets in individuals with 
overweight or obesity trying to lose weight (75).

The healthy Nordic diet was described in 2010 to 
include typical foods in the Nordic countries such as fruits 
and berries, vegetables, legumes, low-fat dairy products, 
and fatty fish (76). Furthermore, the Nordic diet included 
oats, barley, almonds, and psyllium seeds (76). SR and 
MA of five RCTs (42–182 days follow-up) showed that 
those adhered to the Nordic diet lost 1.8 kg [95% CI – 2.9, 
–0.7, P = 0.001] more weight compared with controls on a 
typical or average Danish diet (77).

In the current ScR, small reducing effects on body 
weight were found for vegetables or fruit (28), whole 
grains (20), and viscous fibers (25). However, it cannot 
be excluded that a dietary pattern including these factors 
together could result in a combined beneficial effect on 
body weight. The impact of similar dietary patterns on 

satiation, satiety, and digestibility (26, 78) may explain 
these effects, and they all affect energy intake or access of 
energy in different ways (79, 80).

Conclusions in context of NNR2012
First, one recent MA of RCTs partly confirmed the 
NNR2012, arguing that ‘the evidence linking a higher 
dietary fibre intake to reduced weight gain is clear’ (pro-
spective studies), but, notably, the average effect size 
was small (e.g. 0.33 kg) after a median of 10 weeks and 
a median dose of 6.7 g viscous fiber a day (25). Second, 
in line with the NNR2012, our updated search did not 
find any significant associations between macronutri-
ent composition and long-term weight change. Third, 
in agreement with NNR2012, results from intervention 
studies not designed for intentional weight loss show that 
reduced total fat intake was associated with a modest 
(1.5 kg) weight reduction (58). Fourth, in agreement with 
NNR2012, reduced intake of sugar and SSBs was asso-
ciated with modest weight loss, which was explained by 
reduced calorie intake. Fifth, our results partly confirmed 
that fiber-rich foods such as fruit and vegetables are asso-
ciated with small reductions in body weight or weight gain 
(28). Sixth, our updated search confirmed that sugar-rich 
foods and drinks are associated with increased weight 
gain in the long term. However, with the exception of one 
study assessing the effect of pork (67), no studies were 
found including red meat and processed meat. This review 
was limited by high heterogeneity and a low number of 
publications, but it found that pork intake was associated 
with a reduction in body weight by approximately 1 kg, 
and not associated with overweight or obesity (67).
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