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RESEARCH ARTICLE

Effects of acute and chronic nuts consumption on energy metabolism:
a systematic review of randomised clinical trials

Yuliana Mar�ıa Franco Estrada , Ana Paula Silva Caldas , Alessandra da Silva and Josefina Bressan

Departamento de Nutriç~ao e Sa�ude, Universidade Federal de Viçosa, Minas Gerais, Brazil

ABSTRACT
Nuts are high-energy density foods and are associated with beneficial effects on health, including
weight control. Effects on resting energy expenditure, respiratory quotient, and diet-induced
thermogenesis are suggested mechanisms behind the effects of nuts consumption on weight
control. Thus, we revised the randomised clinical trials that assessed acute and chronic nuts con-
sumption effects on energy metabolism. Walnuts (22.1 g to 56g) consumption appears to modu-
late energy metabolism markers differently depending on the dose and profile of the evaluated
subject. In its turn, 56 g of high-oleic peanuts increased postprandial energy expenditure and
thermic effect of food after three hours postprandial compared to consumption of conventional
peanuts. Almonds, hazelnuts, peanuts, and a mix of nuts were the nuts studies in the chronic
studies, which does not seem to influence energy metabolism markers. Further studies are
needed to elucidate the effects of other types of nuts consumption on energy metabolism.
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Introduction

Obesity is currently considered a global epidemic and
one of the main public health concerns in the world.
The World Health Organisation (WHO) projections
showed that more than 1.9 billion adults were over-
weight in the last decade, of which 650 million were
obese (WHO 2020a). Furthermore, overweight and
obesity are independent risk factors for non-commu-
nicable chronic diseases, leading to around 2.8 million
deaths annually (WHO 2020b).

In the literature, a modest weight loss between 5%
and 10% has been shown to promote favourable
health effects (Bray et al. 2018). Among the most
effective weight control strategies, reducing energy
consumption and increasing energy expenditure at a
negative energy balance are highlighted (J�equier and
Tappy 1999; Bray 2012; Valeria et al. 2014). Of the
three principal components of energy expenditure,
resting energy expenditure (REE) is responsible for
60–75% of total energy expenditure (TEE).
Additionally, the contribution of diet-induced thermo-
genesis (DIT) and physical activity to TEE is 10–15%
and 10–30%, respectively. Thus, increasing REE and
DIT can be potential nutritional strategies for body
weight management, positively impacting obesity con-
trol and prevention (Dulloo et al. 1999).

Besides caloric restriction, the adoption of healthy
eating patterns, which include foods with functional
claims, is a powerful approach to prevent or control
obesity and its comorbidities (Mancini et al. 2016;
Soltani et al. 2016). From this perspective, nuts are a
group of oilseeds including almonds, pistachios, pine
nuts, macadamia, Brazil nuts, cashew nuts, walnuts,
hazelnuts, pecans, and peanuts (Souza et al. 2017).
They are high in unsaturated fatty acids such as
monounsaturated (MUFA) and polyunsaturated
(PUFA) fatty acids, protein, fibre, vitamins, minerals,
and phytochemicals (Coates et al. 2018). The con-
sumption of nuts is associated with body weight con-
trol despite being calorie dense (Mart�ınez-Gonz�alez
and Bes-Rastrollo 2011; Flores-Mateo et al. 2013).
Among several proposed mechanisms behind this
effect, improvement in energy metabolism mediated
by an increase in REE, DIT, and fat oxidation has
been suggested (Alper and Mattes 2002; Tan et al.
2014; Tindall et al. 2018). However, no review critic-
ally and systematically evaluated the findings of
energy metabolism reported by randomised clinical
trials focussed on acute and chronic nuts
consumption.

Thus, we aimed to revise the studies that evaluate
acute and chronic nuts consumption effects on energy
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metabolism. Furthermore, the physiological mechan-
ism involved is discussed.

Material and methods

Protocol and registration

This systematic review was carried out according to
the PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) (Moher et al.
2009). The review was registered on PROSPERO:
registration number CRD42020141910.

Eligibility criteria

Type of study: Randomised clinical trials (RCTs).
Type of subject: Adults � 18 years old, healthy, nor-

mal weight, overweight, or obese were included.
Studies conducted with athletes, pregnant or lactating
women, and individuals with specific pathologies that
may interfere with energy metabolism were excluded
(Spies et al. 2012; Ajith and Jayakumar 2016).

Type of intervention: Studies that evaluated the
effects of acute (postprandial studies) and chronic
(regular consumption of nuts) consumption of several
varieties of nuts (almond, Brazil nut, cashew nut,
hazelnut, macadamia, pistachio, walnut, tree nuts, pea-
nuts), in different forms (roasted, raw, paste, or
crushed) and quantities on energy metabolism.
Uncontrolled or controlled studies where nuts were
combined with meals or other foods were also
included. However, studies conducted with nut prod-
ucts such as nut oil were not considered.

Primary results: Changes in resting energy expend-
iture (REE), respiratory quotient (RQ), and nutrient
oxidation ratio.

Literature search

Studies were identified by searching electronic data-
bases: PubMed/MEDLINE, Scopus, The Cochrane
Library, and Web of Science (Science and Social
Science Citation Index). To improve the search terms,
the Medical Subject Headings (MeSH) were used. The
following search terms were used: title and abstract
(“nuts” OR “almonds” OR “brazil nuts” OR “cashews”
OR “hazelnuts” OR “macadamia” OR “pecans” OR
“pine nuts” OR “pistachios” OR “walnuts” OR
“peanuts” OR “Baru nut” OR “tree nuts” OR
“groundnut”) and for all text (thermogenesis OR sub-
strate oxidation OR resting metabolic rate OR resting
energy expenditure OR basal metabolic rate OR ther-
mic effect of food OR indirect calorimetry OR indirect

calorimetric OR respiration calorimetric OR respir-
ation calorimetry OR energy expenditure OR doubly
labelled water OR respiratory quotient OR macronu-
trient oxidation OR energy metabolism OR fat oxida-
tion OR carbohydrate oxidation OR protein
oxidation). Filters for human studies were used when
available. The search strategy had no date restrictions.
The literature search was conducted on July 17th,
2019, but an updated search was performed on July
30, 2021.

Study selection and data extraction

Eligibility was separately evaluated by two reviewers
(YMFE and APSC), and any discrepancy was resolved
by a third reviewer (AS). The first stage of the screen-
ing process involved the assessment of titles and
abstracts of the search results against the inclusion
and exclusion criteria. Then, the pre-selected studies
were read in full for eligibility. For studies that meet
the inclusion criteria, the following relevant informa-
tion was extracted: authors, publication year, study
design, subject characteristics (sample size, mean age,
gender, BMI), intervention design (type of nut, con-
trol group, and study duration), and outcome meas-
ures of interest (REE, DIT, RQ, and nutrient
oxidation ratio). When important information was
lacking, an email was sent to the authors. All the
extracted information was summarised in a standar-
dised data extraction table (Table 1).

Risk of bias assessment

The risk of bias of the selected studies was checked
using the Cochrane collaboration tool (Higgins et al.
2011). Two authors (YMFE and APSC) independently
classified the studies as having a high, low, or unclear,
risk of bias according to the following domains: (1)
selection, (2) performance, (3) detection, (4) attrition,
and (5) reporting bias. Regarding study selection, dis-
crepancies were solved by a third author (AS). For
assessing some items, the outcomes reported in the
published reports were compared to study protocols,
when available. Risk of bias assessment was carried
out using Review Manager v. 5.3 (Copenhagen: The
Nordic Cochrane Centre, 2014). Risk of bias was clas-
sified according to the percentage of “low risk” ques-
tions, where > 80%, 50 to 79%, < 50% was classified
as low, moderate, and high risk of bias, respectively
(Gomes et al. 2017).
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Table 1. Characteristics of clinical trials investigating the effects of acute and chronic nuts consumption on energy metabolism.

Author, year, country
Study Design
(Follow-up)

Characteristics of
Subjects Characteristics of Intervention Results

Acute studies
Casas-Agustench et al.

2009
Spain

Randomised, Crossover
(Acute, 5 h pp)

n: 29 men
Eutrophic and overweight
Age: 22 ± 4 y
BMI: 24.1 ± 4.5 kg/m2

G1: isocaloric meal rich in PUFA,
walnuts: 22.1 g; 33.3 %E

G2: isocaloric meal rich in MUFA (virgin
olive oil): 20.4 g; 30.8 %E

G3: isocaloric meal rich in SFA (dairy
products): 20.8 g; 31.9 %E

G1 vs. G3: " PEE and " TEF
$RQ, CO, FO, PO

Tapsell et al. 2009
Australia

Randomised, Crossover,
Controlled
(Acute, 8 h pp)

n: 16 (4 with type 2
diabetes)

Overweight and obesity
F/M: 9/7
Age: 52.8 ± 10 y
BMI: 31.2 ± 2.9 kg/m2

G1: 25–35 g of walnuts within an
isocaloric diet (PUFA: 8.5 % E; MUFA:
13.5 % E)

G2: olive oil within an isocaloric diet
(PUFA: 8.9 %E; MUFA: 13.4 %E)

$ PEE,
# RQ, CO,
" FO, $PO

Alves, Moreira, Macedo,
Costa et al. 2014

Brazil

Randomised, Controlled
(Acute, 3 h pp)

n: 71 men
Overweight
Age: 27.1 ± 0.9 y
BMI: 29.8 ± 0.3 kg/m2

G1: 56 g of unpeeled roasted
conventional peanuts (51% of oleic
fatty acid from total fat)

G2: 56 g of unpeeled roasted high-oleic
peanuts (81.5% of oleic fatty acid
from total fat)

G3: 56 g of biscuits (35.6% of oleic fatty
acid from total fat)

G2 vs. G1: " PEE and " TEF
$ RQ, CO, FO, PO

Gepner et al. 2016
Israel

Randomised, Crossover,
Controlled

(Acute, 40min pp)

N: 40 men
Overweight and obesity
Age: 45 ± 8 y
BMI: 31.1 ± 3.8 kg/m2

G1: 56 g of walnuts (8% carbohydrate;
84% fat, of which 72% PUFA)

G2: 150 g of whole-grain bread (48%
carbohydrate; 32% fat)

# TEF
$ RQ

Chronic studies
Fraser et al. 2002
USA

Randomised, controlled,
crossover

(24weeks weeks)

n: 81§ (41)
Euthophic, overweight, and

obese
F/M: 38/43
Age: 49.5 ± 13.5� y
BMI (kg/m2):
26.3 ± 6.33�

G1: 54,3 g of raw or dry-roasted
almonds, without food guidance

G2: Usual diet, without nuts or
dietary advice

$REE, RQ

Hollis and Mattes 2007
USA

Randomised, controlled,
crossover

(10weeks)

n: 20 women
Overweight
Age: 24,0 ± 9,0 y
BMI (kg/m2): 25.9 ± 3.1

G1: �58 g� of raw, unsalted almonds
G2: Usual diet, without nuts

$ REE, TEF

Tey et al. 2011
New Zealand

Randomised, controlled,
parallel arm

(12weeks)

n: 61§ (27)
Eutrophic and overweight
F/M: 63/55
Age 37.5 ± 14.8 y
BMI (kg/m2): 23.8 ± 2.8

G1: 42 g hazelnuts.
G2: Usual diet, without nuts

$REE, RQ

Alves, Moreira, Macedo,
Alfenas et al. 2014

Brazil

Randomised, controlled,
parallel arm (4 weeks)

n: 65 men
Overweight
Age: 27.4 ± 1,7� y
BMI (kg/m2): 29.7 ± 0.5�

G1: Calorie restriction diet (-250 kcal) þ
56 g unpeeled roasted conventional
peanuts (51% of oleic fatty acid from
total fat).

G2: Calorie restriction diet (-250 kcal) þ
56 g unpeeled roasted high-oleic

peanuts (81.5% of oleic fatty acid
from total fat).

G3: Calorie restriction diet (-250 kcal)

$ REE, RQ, CO, FO

Chronic studies (uncontrolled)
Claesson et al. 2009
Sweden

Randomised,
parallel (2 weeks)

n: 25 (13 REE)
F/M: 14/11
Eutrophic
Age: 23.4 ± 2.7 y
BMI (kg/m2): 22.2 ± 1.7

G1: �259 g� roasted and salted peanuts
within a habitual diet

G2: Candy, 20 kcal/kg/day within a
habitual diet

G1: "REE compared to
baseline

G2: $ REE compared
to baseline

Agebratt et al. 2016
Sweden

Randomised, parallel
(8 weeks)

n: 30
F/M: 18/12
Eutrophic and overweight
Age: 23.5 ± 3.7 y
BMI (kg/m2): 22.3 ± 1.9

G1: Habitual diet with 81-91 g of a mix
of nuts (cashews, peanuts, walnuts,
almonds, pistachios, hazelnuts, Brazil
nuts, macadamias, pecan nuts)

G2: Habitual diet with 7 kcal per kg
bodyweight per day (637 g) of
bananas, apples, citrus fruits, pears,
melons, grapes, mangos, kiwis,
persimmons, pineapples or plums.

G1: "REE compared to
baseline

G2: $ REE compared
to baseline

G, Grupo; pp, postprandial; F, female; M, male; %E, percentage of energy; PEE, postprandial energy expenditure; TEF, Thermic effect of food; REE, resting
energy expenditure; RQ, respiratory quotient; FO, Fat oxidation; CO, carbohydrate oxidation; PUFA, polyunsaturated fat; SFA, saturated fat, MUFA, mono-
unsaturated fat; �Standard error; § Studies that performed the analyzes on subsamples, highlighted in parentheses next to the total number of individu-
als. ^ Grams estimated by the USDA.
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Results

Study selection

Six hundred and twelve studies were identified by the
electronic database search. After excluding duplicates,
477 studies remained. Based on the title and abstract,
463 studies were excluded. The most common exclusion
criteria were: studies carried out with animals, pregnant
women, children, adolescents, or individuals with cardi-
ometabolic diseases; interventions with nut by-products,
such as oil; and in vitro studies. The remaining fourteen
studies were read in full for eligibility. Ten studies met
all the criteria for the systematic review and were
included in the review (Figure 1).

Study characteristics

Study design
Clinical trials evaluating the acute and chronic effects
of nuts consumption on energy metabolism were
included in this systematic review. Among the ten
selected studies, four were randomised, postprandial
studies (Casas-Agustench et al. 2009; Tapsell et al.
2009; Alves, Moreira, Macedo, Costa et al. 2014;
Gepner et al. 2016), two were chronic, randomised
parallel clinical trials (Alves, Moreira, Macedo, Alfenas
et al. 2014; Tey et al. 2011), two were chronic, rando-
mised crossover clinical trials (Fraser et al. 2002;
Hollis and Mattes 2007), two were chronic, rando-
mised uncontrolled clinical trials (Claesson et al. 2009;

Records iden�fied through:  
PubMed/Medline database

searching (n=156)
Web of Science (n=146)

Scopus (n=232)
Cochrane (n=78) 
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Records a�er duplicates removed 

(n =477) 

Records screened 

(n = 477) 

Records excluded 

Title (n = 285)

Full-text ar�cles  

assessed for eligibility 

Full-text ar�cles 

excluded, with reasons: 

(n = 4) 

• Study with nuts oils (n= 1) 
• No evalua�on of energy 

metabolism markers (n=1) 
• No consump�on of nuts 

(n=1) 
• Study in which the 

interven�on group includes 
other foods that did not 
allow evalua�ng the effect 

Studies included in  

systema�c review 

(n = 10) 

Acute studies 

(n=4) 

Figure 1. Flowchart of selected studies.
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Agebratt et al. 2016). The duration of the chronic
studies ranged from 2 to 24weeks.

Eligible trials included a total of 453 normal
healthy weight or overweight subjects. The mean age
of the participants ranged from 22± 4 to
52.8 ± 10 years. Four studies were carried out with
men (Casas-Agustench et al. 2009; Alves, Moreira,
Macedo, Costa et al. 2014; Alves, Moreira, Macedo,
Alfenas et al. 2014; Gepner et al. 2016), one with
women (Hollis and Mattes 2007); and five studies
involved both genders (Fraser et al. 2002; Claesson et
al. 2009; Tapsell et al. 2009; Tey et al. 2011; Agebratt
et al. 2016). Regarding study location, two were con-
ducted in the United States (Fraser et al. 2002; Hollis
and Mattes 2007), one in New Zealand (Tey et al.
2011), two in Brazil (Alves, Moreira, Macedo, Costa et
al. 2014; Alves, Moreira, Macedo, Alfenas et al. 2014),
one in Israel (Gepner et al. 2016), one in Spain
(Casas-Agustench et al. 2009), one in Australia
(Tapsell et al. 2009), and two in Sweden (Claesson et
al. 2009; Agebratt et al. 2016) (Table 1).

The studies included in the systematic review differ
as to the type and dose of nuts studied. Furthermore,
they differ regarding the energy metabolism markers
assessed and regarding the profile of the assessed sub-
jects. Due to this lack of homogeneity between stud-
ies, a meta-analysis was not performed.

Intervention
Ten different nuts were evaluated, including almonds
(Fraser et al. 2002; Hollis and Mattes 2007), conven-
tional and high-oleic peanuts (Claesson et al. 2009;
Alves, Moreira, Macedo, Costa et al. 2014; Alves,
Moreira, Macedo, Alfenas et al. 2014), walnuts (Casas-
Agustench et al. 2009; Gepner et al. 2016; Tapsell et
al. 2009), hazelnuts (Tey et al. 2011), and a mix of
nuts (cashews, peanuts, walnuts, almonds, pistachios,
hazelnuts, Brazil nuts, macadamias, pecan nuts)
(Agebratt et al. 2016). The nuts were raw or toasted,
with or without shell, and salted or unsalted (Table
1). In turn, in the chronic studies, the doses of nuts
ranged approximately 42–259 g, and in the acute stud-
ies, between 22–56 g. In some studies, the quantity of
nuts consumed was exhibited as a percentage of total
diet energy and converted into g/day to compare stud-
ies (Claesson et al. 2009; Hollis and Mattes 2007).
Two studies evaluated nut consumption on a calorie
restriction diet (-200 kcal) (Alves, Moreira, Macedo,
Costa et al. 2014; Alves, Moreira, Macedo, Alfenas et
al. 2014). For the other studies, nuts were consumed
as part of a habitual diet (Fraser et al. 2002; Hollis
and Mattes, 2007; Claesson et al. 2009; Tey et al.

2011; Agebratt et al. 2016;). In three studies (Fraser et
al. 2002; Hollis and Mattes 2007; Tey et al. 2011), a
habitual diet free of nuts was considered the control
group; in two studies, the control group was a calorie
restriction diet (-250 kcal) free of nuts (Alves,
Moreira, Macedo, Costa et al. 2014; Alves, Moreira,
Macedo, Alfenas et al. 2014) (Table 1).

Outcomes evaluated
All studies included in this review evaluated REE,
DIT, RQ, and nutrient oxidation ratios by indirect cal-
orimetry. Despite the use of different protocols, all the
studies followed the recommendations proposed by
Compher et al. (2006). REE was measured in six stud-
ies ( Claesson et al. 2009; Fraser et al. 2002; Hollis
and Mattes 2007; Tey et al. 2011; Alves, Moreira,
Macedo, Alfenas et al. 2014; Agebratt et al. 2016),
DIT was evaluated in four studies (Casas-Agustench
et al. 2009; Tapsell et al. 2009; Alves, Moreira,
Macedo, Costa et al. 2014; Gepner et al. 2016),
respiratory quotient was measured in seven studies (
Fraser et al. 2002; Casas-Agustench et al. 2009;Tapsell
et al. 2009; Alves, Moreira, Macedo, Costa et al. 2014;
Alves, Moreira, Macedo, Alfenas et al. 2014; Gepner et
al. 2016; Tey et al. 2011), while nutrient oxidation
ratio was assessed in four studies (Casas-Agustench et
al. 2009; Tapsell et al. 2009; Alves, Moreira, Macedo,
Costa et al. 2014; Alves, Moreira, Macedo, Alfenas et
al. 2014).

Risk of bias within studies
The risk of bias of the included studies was graphic-
ally represented in Figure 2. Most studies did not pro-
vide enough information about each domain for
suitable judgement and were classified as “unclear”.
One study was assessed as “high risk of bias” regard-
ing selective reporting of outcome (Tey et al. 2011).
According to the classification proposed by Gomes et
al. (2017) for the evaluation of study quality, all stud-
ies in the present review were classification as having
“high risk of bias” because <50% of each item was
classified as “low risk of bias”.

Effects of acute nuts consumption on energy
metabolism: Results of randomised clinical trials

Of the four acute studies, three evaluated the effects
of walnut consumption on markers of energy metab-
olism. One study showed that the consumption of
22.1 g of walnuts within an isocaloric meal increased
postprandial energy expenditure (PEE) and thermic
effect of food (TEF) after five hours postprandial

INTERNATIONAL JOURNAL OF FOOD SCIENCES AND NUTRITION 5



compared to consumption of an isocaloric diet rich in
SFA in eutrophic men (Casas-Agustench et al. 2009).
Furthermore, the consumption of 25–35 g of walnuts
in an isocaloric diet decreased the RQ, carbohydrate
oxidation, and increased fatty oxidation after eight
hours postprandial compared to the consumption of
olive oil in women and men with obesity (Tapsell et
al. 2009). In contrast, one study reported that con-
sumption of 56 g walnuts decreased TEF after
40minutes postprandial compared to the consumption
of 156 g of whole-grain bread in men with obesity
(Gepner et al. 2016). Finally, one study observed that
consumption of 56 g of high-oleic peanuts increased
PEE and TEF after three hours postprandial compared
to consumption of the same amount of conventional
peanuts in overweight men (Alves, Moreira, Macedo,
Costa et al. 2014).

Effects of chronic nuts consumption on energy
metabolism: Results of controlled, randomised
clinical trials

In all evaluated chronic studies, REE, RQ, and nutri-
ent oxidation rates remained unchanged after daily
nut intake for at least four weeks compared to the
control group (Fraser et al. 2002; Hollis and Mattes
2007; Tey et al. 2011; Alves, Moreira, Macedo, Alfenas
et al. 2014). In addition, all studies controlled possible
bias that influences energy metabolism, such as food
intake and physical activity practice throughout the
follow-up.

In overweight men, the intake of 56 g of peanut
irrespective of the cultivar (conventional or high-oleic
peanut), for four weeks and within an energy-
restricted diet (-250 kcal), did not change REE, RQ, or
rate of nutrient oxidation compared to the control
group (Alves, Moreira, Macedo, Alfenas et al. 2014).
However, the intra-group comparison showed that
peanut intake increased fat oxidation after follow-up
for both groups compared to the baseline. Moreover,
for the final intervention, a significant decrease in RQ
was observed following conventional peanut intake.
After 12weeks, hazelnut intake (approximately 42 g/
day) combined with a habitual diet did not change
REE and RQ of overweight subjects compared to the
consumption of a habitual diet free of nuts (Tey et
al. 2011).

In another study with a crossover design (three
weeks of washout), healthy women that consumed
approximately 344.1 kcal of almonds combined with a
habitual diet of ten weeks demonstrated no increase
in REE compared to control (Hollis and Mattes 2007).
Fraser et al. (2002) verified that REE and RQ
remained unchanged after a daily intake of approxi-
mately 54,3 g of almonds for 24weeks in overweight
subjects. In this study, there was no washout period.
For this reason, all participants started the study with
a control period (24weeks of a habitual nut free diet)
followed by an intervention period (24weeks of
54.3 g/day of almonds combined with a habitual diet).

Effects of chronic nuts consumption on energy
metabolism: Results of uncontrolled, randomised
clinical trials

The consumption of �259 g of peanuts within a regu-
lar caloric diet increased REE compared to baseline
after two weeks of intervention in eutrophic subjects
(Claesson et al. 2009). Furthermore, the consumption
of 81–91 g of a mix of nuts in the context of a habit-
ual diet increased REE compared to baseline after

Figure 2. Risk of bias summary: review authors’ judgments
about each risk of bias item for each included study in the sys-
tematic review.? ¼ unclear; 1 ¼ low risk of bias; - ¼ high
risk of bias.
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eight weeks of intervention also in eutrophics
(Agebratt et al. 2016).

Discussion

As far as we know, the present systematic review is
the first to gather the available evidence on the effect
of acute and chronic consumption of nuts on energy
metabolism markers. Studies suggest that acute walnut
consumption appears to modulate energy metabolism
markers differently. The consumption of 22.1 g of wal-
nuts increased the postprandial energy expenditure
and the thermic effect of the food, whereas the con-
sumption of 25 to 35 g of walnuts decreased the
respiratory quotient, carbohydrate oxidation, and
increased fat oxidation. In contrast, the consumption
of higher doses of walnuts (56 g) decreased the ther-
mic effect of the food. In addition to the postprandial
evaluation time, these studies also differed in terms of
the comparison group and the profile of the evaluated
subjects. One study also observed that the acute con-
sumption of 56 g of high-oleic peanuts increased the
postprandial energy expenditure and the thermic
effect of the food compared to the consumption of
conventional peanuts in line with the observed effects
of the consumption of 22.1 g of walnuts.

Despite its high energy content, nut intake is asso-
ciated with thermogenic effects based on nutritional
characteristics such as high MUFA, PUFA, and pro-
tein (Agebratt et al. 2016; De Souza et al. 2017).
According to the literature, incorporating foods with a
high content of MUFA and PUFA into diet can
increase energy metabolism. On the other hand, com-
pared to saturated fatty acids, unsaturated fatty acids
are more sensitive to oxidation due to chain length
and degree of unsaturation (Alper and Mattes 2002;
DeLany et al. 2000). Additionally, they require extra
enzymatic steps (the two auxiliary enzymes, enoyl-
CoA isomerase, and 2,4-dienoyl-CoA reductase) for
the complete oxidation, which could contribute to the
differences in the diet induced thermogenesis in com-
parison to saturated fats (Clevenger et al. 2014).

Furthermore, studies have shown that molecular
mechanisms associated with energy metabolism can
be modulated by MUFA and PUFA intake through
stimulation of receptors activated by peroxisome pro-
liferators (PPAR), mainly PPAR-a, and mitochondrial
uncoupling protein (UCP). Once activated, PPAR-a
and UCP can promote lipid oxidation and increase
thermogenic response (Rosado et al. 2010; Castrej�on-
Tellez et al. 2016). The PPAR are nuclear receptors
that regulate the expression of genes associated with

fatty acid oxidation (PPARa and PPARd), thermogen-
esis (PPARa and PPARd) and fat synthesis and stor-
age (PPARc). Some preclinical evidence demonstrates
PUFA has the greatest potential for binding to and
activating PPAR compared with MUFA and SFA.
Also, the type of PUFA can be relevant for energy
metabolism modulation. In a study conducted by
DeLany et al. (2000), a meal with a high content of
a-linolenic acid (n-3 PUFA) resulted in the greatest
fat oxidation compared with both oleic and linoleic
acid high meals. As mentioned earlier, these mecha-
nisms can at least partially support the results of the
present study, once the highest impact on energy
metabolism was observed after acute intake of walnut,
which has a high content of PUFA, especially a-lino-
lenic acid.

The potential effect observed between high-oleic
peanuts and conventional peanuts could be strictly
due to oleic acid content. Studies show that the con-
sumption of foods with high content of this type of
fat raises ethanolamide levels, a metabolite produced
from oleic fatty acids in the intestine. After absorp-
tion, this metabolite modulates endogenous lipid
metabolism by acting as a PPAR-a agonist, regulating
fat absorption, lipolysis, b-oxidation, and lipid con-
centrations in the tissues and blood (Fu et al. 2003;
Bowen et al. 2017). As previously reported, meals with
high content of unsaturated fat appear to be metabol-
ically beneficial to promote higher DIT and fat oxida-
tion than meals high in saturated fat. This thermal
effect seems to be influenced by oleic acid, suggesting
that diets enriched with oleic acid can influence
energy expenditure (Piers et al. 2002; Soares et al.
2004). Similarly, the consumption of foods with high-
protein content can also increase REE and DIT due to
mechanisms inherent to the physiological process of
protein oxidation. This nutrient requires more energy
for metabolic processes such as deamination, gluco-
neogenesis, and urea formation (Hermsdorff et al.
2007; Gilbert et al. 2011).

The evidence cited above supports the hypothesis
that acute nut consumption could increase DIT and
help control body weight. However, these effects were
not observed after long-term nuts consumption such
as almonds, hazelnuts, and peanuts of four to 24
weeks. Available evidence suggests no effect of chronic
nuts consumption on REE and RQ compared to the
habitual nut-free diet. Despite the absence of effects
after chronic nuts consumption of energy metabolism
markers in all randomised, controlled clinical trials,
differences in methodology must be considered. Some
studies analysed normal weight and overweight
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subjects within the same experimental group (Hollis
and Mattes 2007; Tey et al. 2011). Scientific evidence
suggests a positive association between body mass
index and energy metabolism (Carneiro et al. 2016;
Thielecke et al. 1997). Thus, more elevated body
weight consequently results in a more prominent REE
(Westerterp 2017).

Likewise, the studies evaluated REE in different
sexes within the same intervention groups without
adjusting body composition (Fraser et al. 2002; Tey et
al. 2011). It is well established that body composition
differs between men and women. Physiologically, men
and women have more lean and fat mass, respectively
(Schorr et al. 2018). Also, subjects with low fat-free
mass and high-fat mass may present different thermo-
genic responses than eutrophic or obese individuals
with a higher proportion of fat free mass (Prado et al.
2014; Soares and M€uller 2018). Therefore, differences
in nutritional status and sex of individuals potentially
influence the different responses in energy metabolism
after nutritional interventions.

Interestingly, though with controversial results,
most acute studies have investigated the effects of wal-
nuts. At the same time, none of the chronic studies
evaluated the isolated effect of walnut consumption,
which makes us question whether chronic walnut con-
sumption could modulate energy metabolism markers.
Among all nuts, walnuts contain the highest amounts
of PUFA (Ros 2010; USDA 2021) (Table 2). Another
point that caught our attention is the different forms
(raw or roasted, peeled or unpeeled, salted or not) of
the nuts used in the studies and whether this could
influence energy metabolism markers. As far as we
know, no study has investigated the different forms of
nuts in these markers. Studies have investigated the
bioaccessibility of lipids present in different forms of
almonds, but the results seem controversial
(Mandalari et al. 2014, 2018). Despite this, almonds
seem to confer potential cardioprotective effects and
high satiety (Grundy et al. 2016).

Regarding the risk of bias, the studies were classi-
fied as “unclear” for almost all the assessed domains
(Alves, Moreira, Macedo, Costa et al. 2014; Alves,
Moreira, Macedo, Alfenas et al. 2014; Fraser et al.
2002; Hollis and Mattes 2007; Tey et al. 2011).
Therefore, to better comprehend the effects of nut
consumption on energy metabolism and possible
mechanisms involved, we recommend the conduction
of RCTs with greater control over biases.

We emphasise that this is the first review to critic-
ally evaluate the effects of chronic nut consumption
on energy metabolism. Future studies should adjust
methodologies to consider biases such as sex and
body composition to help understand the effect of nut
intake on energy metabolism and elucidate the
physiological mechanisms involved.

The systematic review shows that chronic nuts con-
sumption does not affect energy metabolism.
Nevertheless, based on the proven health benefits
attributed to nut intake, we highlight their inclusion
in diets to promote a healthy and balanced dietary
pattern. Previous systematic reviews have shown the
benefit of nut consumption on lipid profile (Del
Gobbo et al. 2015), insulin resistance (Tindall et al.
2019), inflammation and endothelial function (Neale
et al. 2017), intestinal microbiota (Lamuel-Raventos
and Onge 2017), and also in the reduced risk of car-
diovascular disease, total cancer, and all-cause mortal-
ity, and mortality from respiratory disease, diabetes,
and infections (Aune et al. 2016). Additionally, a sys-
tematic review of fifteen meta-analyses of observa-
tional studies showed a decreased risk of
cardiovascular and cancer mortality, colon cancer,
hypertension, and ischaemic stroke for higher nut
consumption (Martini et al. 2021). Besides, nuts con-
sumption is associated with increased satiety and
reduced hunger, which can assist in body weight con-
trol (Akhlaghi et al. 2020). Beneficial effects of nuts
consumption have also been described when in the

Table 2. Nuts composition (100 g serving).
Nuts Calories (kcal) Total Fat (g) SFA (g) MUFA (g) PUFA (g) Protein (g)

Almonds 579 49.9 3.8 31.6 12.3 21.2
Brazil nuts 659 67.1 16.1 23.9 24.4 14.3
Cashews 553 43.8 7.78 23.8 7.84 18.2
Hazelnuts 628 60.8 4.46 45.7 7.92 15.0
Macadamia nut 718 75.8 12.1 58.9 1.5 7.91
Peanuts 570 49.6 7.1 22.3 17.2 26.2
Pecan 691 72.0 6.18 40.8 21.6 9.17
Pistachios 560 45.3 5.91 23.3 14.4 20.2
Walnuts 654 65.2 6.13 8.93 47.2 15.2

Composition of whole raw nuts based on USDA database (USDA Food Data Central 2021). SFA: Saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.
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context of balanced diets (Chiavaroli et al. 2018; Del
Bo’ et al. 2019).

Conclusion

Walnuts and peanuts were the nuts studied in the
acute studies, with different results in energy metabol-
ism markers, which seem to depend on the dose, post-
prandial time, profile of the evaluated subjects, and
control group. Acute consumption of 22.1 g of walnuts
increased postprandial energy expenditure and ther-
mic effect of food after five hours postprandial in
eutrophic men, while higher doses (56 g walnuts)
decreased thermic effect of food after forty minutes
postprandial in men with obesity. On the other hand,
moderate amounts (25–35 g of walnuts) decreased the
respiratory quotient, carbohydrate oxidation, and
increased fatty oxidation after eight hours postpran-
dial in subjects with obesity. For peanuts, 56 g of
high-oleic peanuts increased postprandial energy
expenditure and thermic effect of food after three
hours postprandial compared to consumption of the
same amount of conventional peanuts in overweight
men. On the other hand, almonds, hazelnuts, peanuts,
and a mix of nuts were the nuts studies in the chronic
studies. Thus, the chronic consumption of nuts does
not seem to influence energy metabolism markers.
However, due to different population characteristics,
types, and doses of nuts, further studies are needed to
elucidate the effects of nuts consumption on
energy metabolism.
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