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Abstract: Tree nuts, including Brazil nuts, have been hypothesized to impact cardiovascular health 
through the modulation of oxidative stress and inflammation. Nonetheless, a quantitative analysis 
of these effects has not been performed. Therefore, the aim of this study was to systematically revise 
and quantify the effect of Brazil nut intervention on selenium status, blood lipids, and biomarkers 
of oxidative stress and inflammation using a meta-analytical approach. To meet the goals of this 
study, a systematic search of PubMed, EMBASE, and Web of Science databases of published 
randomised clinical trials reporting on dietary interventions with Brazil nuts and their effects on 
selenium status, blood lipids, and markers of oxidative stress and inflammation was performed. 
Eight articles were included for systematic review and meta-analysis. Based on the conducted 
analysis, a significant positive effect of Brazil nuts on selenium blood concentration (SMD = 6.93, 
95% CI: 3.99; 9.87) was found. Additionally, a positive effect of Brazil nut intervention on 
glutathione peroxidase activity (SMD = 0.53, 95% CI: 0.07; 0.99) was observed. However, no 
significant results were found when considering blood lipid levels, including results for total 
cholesterol (SMD = −0.22, 95% CI: −0.57; 0.14), HDL cholesterol (SMD = −0.04, 95% CI: −0.28; 0.19) 
and LDL cholesterol (SMD = −0.15; 95% CI: −0.43; 0.13). In conclusion, the findings from this study 
suggest that Brazil nut consumption improves selenium status and exerts antioxidant effects, which 
could be considered a potential pathway for the prevention of metabolic disorders related to altered 
blood lipid profiles. However, further studies are needed to elucidate the effect of Brazil nuts 
toward blood lipid profile, also preferably controlling for other biomarkers. 
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1. Introduction 
Metabolic impairment is characterized by an imbalance of homeostasis of the human 

body in favour of increased visceral fat, dyslipidaemia, compromised blood pressure and 
glucose/insulin regulation, and low-grade chronic inflammation [1]. The oxidative stress 
state exacerbated in these conditions is secondary to the release of cytokines, such as 
tumour necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6), leading to increased 
production of reactive oxygen species (ROS), which have been considered a possible 
pathogenic mechanism underlying cardiovascular comorbidities [2]. Moreover, oxidative 
stress increases the oxidation of low-density lipoprotein (LDL) particles, which in turn 
causes injury of the endothelium, contributing to an increased risk of atherosclerosis [3]. 

The human body is equipped with an antioxidant system to counteract such 
processes, but environmental factors, such as nutrient intake, seem to play a key role in 
enhancing the natural defences of the organism [4,5]. Selenium is an essential 
micronutrient that functions as a component of many selenoproteins in antioxidant and 
redox reactions. In particular, selenium is necessary for the functioning of glutathione 
peroxidase (GPx), which is an antioxidant enzyme that catalyses hydrogen peroxide and 
lipid hydroperoxide through glutathione metabolism [6]. While GPx protects membrane 
lipids and other cellular and extracellular components from oxidative damage, selenium 
has been hypothesized to exert anti-atherogenic effects by lowering oxidative stress in the 
endothelium. 

The major dietary sources of selenium include Brazil nuts (0.2–512 μg/g), yeast (500–
4000 μg/g) and fish (0.06–0.63 μg/g) [7]. Brazil nuts (Bertholletia excelsa, family 
Lecythidaceae) are South American tree nuts characterized by a high content in several 
bioactive substances, such as phenolic compounds, tocopherol, folate, magnesium, 
potassium, calcium, proteins and mono- (MUFA) and polyunsaturated (PUFA) fatty 
acids, but are best known as one of the major food sources of selenium [8]. It has been 
demonstrated that consumption of tree nuts lowers total cholesterol, LDL cholesterol, 
ApoB, and triglycerides [9], affects energy metabolism [10], modulates vascular tone [11], 
and lowers the risk of cardiovascular outcomes [12]. However, data to corroborate the 
potential beneficial effects of Brazil nuts on selenium status and their antioxidant effect 
are lacking. The aim of the present study was to assess from existing literature whether 
Brazil nuts significantly improve selenium status and have an effect on markers of 
oxidative stress and inflammation, as well as lipid profile. 

2. Materials and Methods 
The design, analysis, and reporting of this study followed Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) (Supplementary Table S1) [13]. 
Furthermore, eligibility criteria for the systematic review and meta-analysis were 
specified using the PICOS approach: determination of the population (P), intervention (I), 
comparison (C), outcomes (O), and study design (S) (Table 1). 

Table 1. PICOS criteria: determination of the population (P), intervention (I), comparison (C), 
outcomes (O), and study design (S). 

PICOS Description 
P (Population) Men and/or women, adolescents and adults. 

I (Intervention) 
Brazil nut supplementation (including derivatives, 

characterized by a similar nutrient profile). 

C (Comparison) 
Brazil nut supplementation group (alone or combined with 

other intervention) versus placebo/control group. 

O (Outcomes) Changes in selenium blood levels, oxidative stress and 
inflammatory markers, and in blood lipid profile. 

S (Study design) Systematic review with meta-analysis. 
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2.1. Systematic Search and Study Selection 
A systematic search for all studies examining Brazil nut intervention and selenium 

blood levels, lipid profile as well as markers of inflammation and oxidative stress was 
performed using PubMed, EMBASE, and The Cochrane Library from their inception to 
April 2021, with restriction to titles and abstracts. Search terms included: (nuts OR nut OR 
Brazil nuts OR Brazil nut) AND (selenium OR glutathione peroxidase OR GPx OR gluta-
thione OR GSH OR GSSG OR inflammation OR inflammatory OR cytokines OR cytokine 
OR C-reactive protein OR CRP OR interleukin-6 OR IL-6 OR tumour necrosis factor OR 
TNF-alpha OR antioxidant OR oxidative stress OR oxidation OR oxidative status OR an-
tioxidant capacity OR total antioxidant capacity OR TAC OR lipid oxidation OR lipid pe-
roxidation OR 8-epi-PGF2a OR malondialdehyde OR MDA OR ferric reducing ability of 
plasma OR FRAP OR ORAC OR lipid profile OR HDL OR LDL OR cholesterol OR total 
cholesterol OR lipid OR triglycerides OR apolipoprotein). Additional hand-searches of 
the reference list of all included studies and reviews were performed. Randomized con-
trolled clinical trials with crossover or parallel design reporting on the effect of Brazil nuts 
on selenium blood levels, lipid profile or markers of inflammation and oxidative stress 
were considered eligible. Studies with the administration of Brazil nut derivatives char-
acterized by a diverse nutrient profile (i.e., Brazil nut oil) or without clear specification of 
the administered doses (i.e., recommendation to increase Brazil nut intake) or with single 
administrations were excluded. When duplicate publications were identified, the report 
including most complete data for each endpoint of interest was selected for quantitative 
analysis. The process of systematic search and study selection was executed by two au-
thors (A.M. and J.G.), and any discrepancies were discussed and resolved by consensus. 

2.2. Data Extraction 
Main study characteristics and data for all endpoints were extracted from the studies 

that met inclusion criteria. The following information was collected: first author name and 
publication year, study design, country, population characteristics, sample size for inter-
vention and control group, sex and mean age of participants, type and duration of inter-
vention, and outcomes of interest. Additionally, means and standard deviations (SDs) for 
baseline values, end values, and differences in change from baseline to end of intervention 
were recorded for all endpoints. Missing information for any endpoint data was requested 
from the authors. In case requested data were not provided, an attempt to calculate or 
estimate them according to the methods recommended by Cochrane was made. 

2.3. Risk of Bias Assessment 
The Cochrane Risk of Bias Tool was used to assess risk of bias in individual studies. 

Briefly, the tool allows for scoring of the studies based on: bias arising from the randomi-
zation process, bias due to deviations from intended interventions, bias due to missing 
outcome data, bias in the measurement of the outcome, and bias in the selection of the 
reported results. The final judgment categories are: low risk of bias when all the domains 
score as having low risk of bias; unclear risk of bias when the study is considered to raise 
some concerns in at least one domain but not to be at high risk of bias for any domain; 
and high risk of bias when the study is considered to be at high risk of bias in at least one 
domain or is considered to have some concerns for multiple domains in a way that con-
siderably lowers confidence in the result [14]. 

2.4. Data Synthesis and Statistical Analysis 
Analyses were conducted using the generic inverse variance method with random-

effects models. The presence of between-studies heterogeneity was assessed using the Q 
statistic (significance set at p < 0.10) and was quantified by the I2 statistic with the follow-
ing categorisation of heterogeneity: < 50% “low”; 50–75%, “substantial”; and ≥ 75%, 
“high”. 
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To reflect the group differences rather than individual changes, the raw-score metric 
was applied taking into account variability within each intervention group. To harmonize 
the same outcome often measured using different methods or expressed in different units, 
the population effect size was estimated as the difference of standardized mean changes 
(SMD) between groups [15]. Plasma or serum concentrations (highly correlated with the 
alternative choices, e.g., measurements in erythrocytes) were extracted preferentially in 
the cases when many measurements of the individual outcome were available in one trial. 
In the studies with insufficient information to calculate correlations between measure-
ments before and after intervention (or equivalently the SDs for changes), three possible 
values of missing correlations were consecutively imputed (0.3, 0.5 and 0.7) to check 
whether different methods of handling missing data can yield different results. The main 
analysis was conducted with imputed missing correlations of 0.5 and for both crossover 
and parallel design studies under the assumption of providing equivalent estimates of the 
treatment effect [16]. Several sensitivity analyses were performed to check the robustness 
of the findings. First, identified crossover trials were excluded due to different paired na-
ture design, and second, the alternative values of missing correlations between repeated 
measurements were imputed. Performing a separate meta-analysis based exclusively on 
crossover trials was impossible due to the limited number of the studies; thus, we de-
scribed the main findings only by a narrative approach. To determine whether individual 
trials exerted an undue influence on the overall results, influential analyses by excluding 
each study one at the time were performed. Meta-regression analysis was conducted ac-
cording to daily intake of selenium contained in Brazil nuts, duration of follow-up, mean 
age of participants, percentage of men, sample size and year of publication. Publication 
bias was assessed by visual inspection of funnel plots and was formally complemented 
by Egger’s tests. In all analyses, a two-sided p value 0.05 was set as the level of significance. 
Data were analysed using R software version 4.0.2 (Development Core Team, Vienna, 
Austria). 

3. Results 
The systematic literature search identified 2025 studies, out of which 1876 were ex-

cluded on the basis of title, with 114 after abstract revision. Of the remaining 35 publica-
tions left for full-text reading, 27 were excluded due to the following reasons: (i) unclear 
dietary regimens or not quantifiable Brazil nut intervention, (ii) data overlapping with 
another study, (iii) lack of randomization, (iv) investigating the effect of a single admin-
istration, (v) in vivo study design, and (vi) lack of placebo/control group. The article se-
lection process is shown in Figure 1. 
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Figure 1. Flow chart of the study selection process. 

The characteristics of the selected six randomized clinical trials with parallel group 
design [17–22] and two with crossover design [23,24] included in this systematic review 
and meta-analysis are presented in Table 2. Briefly, only one study recruited healthy vol-
unteers [20], while other studies recruited obese female adolescents [17], hypertensive and 
dyslipidaemic individuals [18,23,24], older adults with mild cognitive impairment [19], 
individuals considered at risk of colorectal cancer [21], or obese females [22]. Two studies 
reported only on female individuals [17,22]. Five studies used as an intervention Brazil 
nuts [17,19–22], two used granulated Brazil nuts [23,24] and one used Brazil nut flour [18]. 
Six studies were conducted in Brazil [17–19,22–24], one in Australia [21] and one in New 
Zealand [20]. Trial duration varied from 1.5 to 6 months (Table 2). None of the included 
studies reported any adverse effects related to the intervention. When considering the 
overall risk of bias, five studies showed an unclear risk of bias [17,18,20–22], while three 
were subjected to high risk of bias [19,23,24] (Figure 2 and Supplementary Figure S1). 
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Table 2. Main characteristics of the included randomized clinical trials. 

Author, Year Country 
Type and Duration of Intervention, No. of Indi-

viduals in Intervention/Control Group Population 
Sex; Mean Age * 
of Individuals 

Measured Outcomes of In-
terest 

Parallel Design      

Thomson, 2008 [20] New Zealand 
Brazil nuts (n = 20) vs. placebo (n = 20); 2 nuts/d 

for 3 months Healthy volunteers 30M, 29F; 18–60 y 
Selenium status, GPx activ-

ity 

Maranhao, 2011 [17] Brazil 
Brazil nuts (n = 8) vs. lactose (n = 9); 3-5 nuts/d for

4 months Obese female adolescents 17F; 15.4 ± 2.0 y 
Selenium status, GPx activ-

ity, cholesterol, HDL-c, 
LDL-c 

Carvalho, 2015 [18] Brazil 
Brazil nut flour (n = 35) vs. placebo flour (n = 42); 

13 g/d of nut flour for 3 months 
Hypertensive and dyslipi-

daemic individuals 43M, 34F; 40–80 y 
Selenium status, cholesterol, 

HDL-c, LDL-c 

Cardoso, 2016 [19] Brazil 
Brazil nuts (n = 11) vs. normal diet (n = 9); 1 nut/d 

for 6 months 
Older adults with mild cog-

nitive impairment 
6M, 14F; 77.7 ± 5.3 

y 
Selenium status, GPx activ-

ity 

Hu, 2016 [21] Australia Brazil nuts (n = 9) vs. GTE (n=10); 6 nuts/d for 1.5 
month 

Individuals considered at 
risk of colorectal cancer 15M, 15F; 52–75 y Selenium status 

Duarte, 2019 [22] Brazil Brazil nuts (n = 29) vs. no supplementation (n = 
26); 1 nut/d for 2 months Obese female adults 0M, 55F; 18–55 y 

Selenium status, GPx activ-
ity 

Crossover Design      
Huguenin, Oliveira  

2015 [23] Brazil 
Diet and placebo (n = 91) vs. diet and GBN (n = 

91); 13 g/d GBN for 3 months 
Hypertensive and dyslipi-

daemic individuals 
47M, 44F; 62.1 ± 9.3 

y 
Selenium status, GPx activ-

ity 
Huguenin, Moreira  

2015 [24] 
Brazil Diet and placebo (n = 91) vs. diet and GBN (n = 

91); 13 g/d GBN for 3 months 
Hypertensive and dyslipi-

daemic individuals 
47M, 44F; 62.1 ± 9.3 

y 
Cholesterol, HDL-c, LDL-c 

Abbreviations: d (day); F (female); GBN (granulated Brazil nuts); GPx (glutathione peroxidase); GTE (green tea extracts); M (male); MCI (mild cognitive impair-
ment); SD (standard deviation); y (years). * Age is reported as mean ± SD, in case data were not available, age range is provided. 
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Figure 2. Summary of the risk of bias assessment according to the Cochrane risk-of-bias tool for 
randomized trials (RoB-2). 

3.1. Effect of Brazil Nut consumption on Selenium Serum/Plasma Levels 
Six randomized clinical trials with repeated measures and parallel design [17–22] and 

one with crossover design [23] examined the effect of Brazil nut ingestion on selenium 
concentration in serum or plasma. A significant positive effect of Brazil nuts on selenium 
blood concentration (SMD = 6.93, 95% CI: 3.99; 9.87) was found (Figure 3, Table 3). The 
alternative meta-analysis restricted only to six trials with parallel design showed similar 
results (SMD = 7.33, 95% CI: 3.64; 11.01; Supplementary Figure S2, Table S3). The esti-
mated effect size was stable irrespectively of the imputed value of missing correlations 
(Supplementary Table S2). In all models, high heterogeneity was detected (I2 > 95%), fun-
nel plots showed asymmetry, and Egger’s test indicated the possibility of the existence of 
small-study effects (Supplementary Figure S3). The influential analysis did not reveal a 
large impact of excluding the individual studies on heterogeneity or overall effect as 
shown in Table 4. Meta-regression analysis showed that studies with larger sample size 
that were conducted on older participants and were more recently published depicted a 
stronger positive effect of the intervention (Supplementary Table S3). 

 
Figure 3. Differences of standardized mean changes in selenium status between intervention groups 
supplemented with Brazil nuts and control groups in randomized controlled trials. * denotes weeks, 
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** denotes microgram/day of selenium delivered through Brazil nut intervention. Abbreviations: F 
(female); M (male); SE (standard error); SMC (standardized mean changes); SMD (difference of 
standardized mean changes). 

Table 3. Effect of Brazil nut intervention compared to placebo on selenium status and GPx activity. 

Outcome Number of 
Studies 

SMD (95% CI) I2 (%) pheterogeneity τ2 

Parallel and crossover design      
Selenium status 7 6.93 (3.99; 9.87) 96.1 < 0.001 11.27 

GPx activity 5 0.53 (0.07; 0.99) 62.1 0.032 0.19 
Parallel design      
Selenium status 6 7.33 (3.64; 11.01) 95.9 < 0.001 19.06 

GPx activity 4 0.70 (0.19; 1.22) 44.2 0.146 0.12 
Abbreviations: CI (confidence interval); GPx (glutathione peroxidase); I2 (the percentage of varia-
tion across studies that is due to heterogeneity); SMD (difference of standardized mean changes); 
τ2 (the absolute value of the heterogeneity). 

Table 4. Results of influential analysis by excluding one study at a time (results presented for im-
puted value of missing correlation equal to 0.5). 

 Selenium Status GPx Activity 
Author, Year SMD (95% CI) I2 (%) SMD (95% CI) I2 (%) 
Duarte, 2019 5.88 (2.96; 8.8) 96.0 0.62 (−0.03; 1.26) 71.6 

Hu, 2016 8.01 (4.44; 11.59) 96.4 - - 
Cardoso, 2016 6.29 (3.25; 9.34) 96.5 0.42 (−0.04; 0.87) 59.6 

Huguenin, Oliveira 
2015 7.33 (3.64; 11.01) 95.9 0.70 (0.19; 1.22) 44.2 

Carvalho, 2015 5.54 (2.77; 8.3) 95.5 - - 
Maranhao, 2011 8.14 (5; 11.28) 94.8 0.60 (0.06; 1.15) 71.3 
Thomson, 2008 7.53 (4.03; 11.03) 96.7 0.31 (−0.05; 0.68) 32.9 

Abbreviations: CI (confidence interval); GPx (glutathione peroxidase); I2 (the percentage of varia-
tion across studies that is due to heterogeneity); SMD (difference of standardized mean changes). 

Regarding the effect of Brazil nut consumption on selenium blood level, the findings 
across all six included studies with parallel design were comparable [17–22]. In all ran-
domized clinical trials, the increase in plasma selenium was statistically significant for the 
Brazil nut group but not for the placebo group. Moreover, the comparison of the overall 
change in Brazil nut group differed significantly from the placebo group in all studies 
except one [17]. In one study [20], additionally to Brazil nuts, the supplementation with 
selenomethionine was examined, revealing the significant difference between each inter-
vention group and placebo group, but supplemented groups did not differ from each 
other. In two studies [18,20], the measurement of selenium was performed for many time 
points (at each two or 4 weeks of follow-up), and both absolute selenium concentration 
and selenium changes differed significantly between intervention and control group at all 
follow-up time points. In a crossover clinical trial examining hypertensive and dyslipi-
daemic patients, it has been observed that granulated Brazil nut intake significantly in-
creased plasma selenium concentration by 119% during the 12-weeks lasting interven-
tions with four-week washout interval periods [23]. However, part of the study group 
who, in the first phase, received granulated Brazil nuts did not return to the same basal 
values after washout period, causing plasma selenium initial value to be elevated when 
compared to the other group, and therefore the occurrence of the carry-over effect after 
the washout period cannot be definitively ruled out. 
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3.2. Effect of Brazil Nut consumption on Glutathione Peroxidase Activity 
Four randomized clinical trials with parallel design [17,19,20,22] and one with cross-

over design [23] examined the effect of Brazil nut supplementation on serum, plasma or 
erythrocyte glutathione peroxidase activity. The effect size assessed based on both de-
pendent- and independent-group trials revealed a positive effect of Brazil nut consump-
tion on glutathione peroxidase (SMD = 0.53, 95% CI: 0.07; 0.99; Figure 4, Table 3). Exclud-
ing one crossover trial [23] strengthened the results (SMD = 0.70, 95% CI: 0.19; 1.22; Sup-
plementary Figure S4, Table S3). Pooled SMD did not substantially change for alterna-
tively imputed values of missing correlations (Supplementary Table S2). Influential anal-
ysis showed that the exclusion of three studies [19,20,22] weakened the strength of the 
effect of Brazil nuts on GPx such that the result was marginally significant (Table 4). Fun-
nel plots together with Eager’s test did not indicate an existence of publication bias (Sup-
plementary Figure S3). Meta-regression analysis showed that none of the potential mod-
erators influenced the association between Brazil nut consumption and GPx activity (Sup-
plementary Table S3). 

Among the four eligible parallel-design clinical trials, three reported that the increase 
in GPx during follow-up was significant for the Brazil nut group, whereas in the placebo 
group, nonsignificant change was observed (increase or decrease) [19,20,22]. In one study, 
GPx did not change during the follow-up in either group [17]. Regarding clinical trials 
with dependent groups design, the result of one identified study showed significantly 
increased GPx activity after Brazil nut intake [23]. 

 
Figure 4. Differences of standardized mean changes in GPx activity between intervention groups 
supplemented with Brazil nuts and control groups in randomized controlled trials. * denotes weeks, 
** denotes microgram/day of selenium delivered through Brazil nut intervention. Abbreviations: F 
(female); M (male); SE (standard error); SMC (standardized mean changes); SMD (difference of 
standardized mean changes). 
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3.3. Effect of Brazil Nut Consumption on Serum Lipids Profile 
Three studies [17,18,24] examined alteration of serum lipid profile as a consequence 

of Brazil nut intervention. All pooled results were nonsignificant, including results for 
total cholesterol (SMD = −0.22, 95% CI: −0.57; 0.14; Table 5, Supplementary Figure S5), 
HDL cholesterol (SMD = −0.04, 95% CI: −0.28; 0.19; Table 5, Supplementary Figure S6) and 
LDL cholesterol (SMD = −0.15; 95% CI: −0.43; 0.13, Table 5, Supplementary Figure S7). 
Alternative imputed missing correlations did not show any significant differences (Sup-
plementary Table S4). 

Table 5. Effect of Brazil nut intervention compared to placebo on lipid profile. 

Outcome Number of Studies SMD (95% CI) I2 (%) pheterogeneity τ2 
Parallel and Crossover De-

sign      

Cholesterol 3 −0.22 (−0.57; 0.14) 38.6 0.196 0.04 
HDL-c 3 −0.04 (−0.28; 0.19) 00.0 0.872 0.00 
LDL-c 3 −0.15 (−0.43; 0.13) 16.2 0.303 0.01 

Abbreviations: CI (confidence interval); HDL-c (high-density lipoprotein cholesterol); I2 (the per-
centage of variation across studies that is due to heterogeneity); LDL-c (low-density lipoprotein 
cholesterol); SMD (difference of standardized mean changes); τ2 (the absolute value of the hetero-
geneity). 

When considering the results of individual studies, in one trial [17], there were no 
significant inter-group differences at the start of the trial in any of laboratorial variables, 
but at the end of follow-up, lower values of total and LDL cholesterol as well as TG for 
the intervention group supplemented with Brazil nuts compared to the placebo group 
were observed. However, in studies examining hypertensive and dyslipidaemic patients, 
no significant differences in serum lipids between Brazil nut and control group were de-
tected [18,24]. 

3.4. Effect of Brazil Nut Consumption on Other Markers of Oxidative Stress and Plasma Antiox-
idant Activity 

Three randomized clinical trials investigated the impact of Brazil nut supplementa-
tion on markers of oxidative stress, two with parallel design [17,19] and one with crosso-
ver design [23]. A study conducted on obese female adolescents [17] reported significantly 
lower serum levels of oxidized LDL (LDL-ox) in the Brazil nut group compared to the 
placebo group at the end of the follow-up period. However, no significant changes were 
observed for 8-epi PGF2α [17]. Another study [23] showed a reduction in LDL-ox by 3.2% 
after 3 months of Brazil nut intervention in hypertensive and dyslipidaemic patients as 
well as a significantly lower plasma total antioxidant capacity (TAC) in the placebo group 
compared to Brazil nut group. Similar to the previous study, there were no statistically 
significant changes in 8-epi PGF2α. In a study conducted on adults with mild cognitive 
impairment, no significant changes in MDA, a naturally occurring genotoxic product of 
lipid peroxidation, after 6 months of daily supplementation with Brazil nuts were ob-
served [19]. 

3.5. Effect of Brazil Nut Consumption on Markers of Inflammation 
Among the markers of inflammation that potentially might be affected by Brazil nut 

consumption, CRP was investigated in three trials [17,21,22]. However, no effect of inter-
vention with Brazil nuts on CRP levels was observed [17,21,22]. 

4. Discussion 
In this study, the impact of Brazil nut consumption on selenium status, oxidative 

stress biomarkers and blood lipids has been evaluated through comprehensive pooled 
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analysis of results from existing randomized clinical trials. The findings of this study pro-
vide certain evidence of the effects of Brazil nuts in influencing selenium status and im-
proving antioxidant defences through impact of glutathione peroxidase but no significant 
effects on blood lipid profile or any other outcome investigated. 

Over the last decade, tree nut consumption has been studied in relation to mortality 
and risk of various non-communicable diseases, including type 2 diabetes, metabolic syn-
drome, and cardiovascular disease [12]. There are several hypotheses supporting the ra-
tionale for various mechanisms of protection, including the content in fibre, minerals, vit-
amins and antioxidants [25–27]. However, the diversity of various tree nuts characterize 
with peculiar features each type of fruit: among them, Brazil nuts are the only nut provid-
ing a considerable amount of selenium. On average, in included studies, supplementation 
with Brazil nuts per day varied between 5 and 20 g and provided in all except one study 
selenium intake in the range of about 50–300 microgram/day, increasing the selenium lev-
els to more than the recommended dose (about 50 microgram/day) but within the upper 
tolerable level (400 microgram/day). 

From a mechanistic point of view, selenium is an essential element for cellular func-
tions which is ingested from food sources, absorbed in the gut, carried to the liver to be 
metabolized, and then transported and distributed to the body’s tissues [28]. Selenium is 
incorporated into important amino acid derivatives, including selenomethionine, seleno-
cysteine, methylselenocysteine, and selenocystathionine, which play vital roles in the en-
zymatic systems in which they participate, amongst others, in the catalysis of various ox-
idation–reduction reactions [29]. Adequate levels of dietary selenium and its efficient in-
corporation into selenoproteins are essential in the maintenance of the homeostasis [29,30] 
Selenium modulates body functions through various pathways, such as regulation of im-
munity functions, reduction of oxidative stress, and prevention of DNA damage [31]. The 
evidence suggests that selenium can modulate the pathology that accompanies chronic 
inflammation-related diseases [31,32]. Selenium deficiency and suppressed selenoprotein 
expression have been implicated in higher levels of inflammatory cytokines in a variety 
of tissues [29]. Insufficient dietary supplies of selenium can also be responsible for abnor-
mal calcium deposition, heart and skeletal muscle myopathy, and increased risk of devel-
oping atherosclerotic plaque within the arteries [33]. Furthermore, it seems that selenium 
has an antihypertensive effect [34]. 

The results of the present meta-analysis revealed that Brazil nut supplementation 
may not only improve selenium status but may also affect glutathione peroxidase activity. 
Selenium in the form of selenocysteine is present in the active centre of GPx, which repre-
sents one of the most important antioxidant enzyme systems with superoxide dismutase 
and catalase [35]. This activity is due to the presence of a rare amino-acid residue seleno-
cysteine in the catalytic site [36]. Besides acting against accumulation of reactive oxygen 
species and cell death [37], GPx also influences inflammatory processes linked to oxidative 
reactions, such as inhibition of NF-kB activation, regulation of prostaglandins and leuko-
trienes production, and the mitochondrial death pathway [35]. Together, with its potential 
role in the aforementioned conditions (i.e., CVD and cancer), GPx has also been studied 
as a neuromodulator in neuropsychiatric and neurodegenerative conditions: stress, bipo-
lar disorder, schizophrenia drug intoxication, Parkinson’s disease, Alzheimer’s disease 
and others [38]. 

Although the evidence from experimental studies suggests implication of selenium 
and glutathione peroxidase in the prevention of lipid peroxidation [39], no effect of Brazil 
nut intervention on lipid peroxidation marker (8-iso-prostaglandin F2α) was found 
[17,23]. Similarly, no significant results from this meta-analysis were found when consid-
ering blood lipid levels, including results for total cholesterol, HDL cholesterol and LDL 
cholesterol. 

The results of the present meta-analysis should be considered in light of some limi-
tations. First, in crossover designed studies, part of the study participants receiving Brazil 
nut supplementation in the first step may not have returned to the same basal values, 
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causing initial selenium values to be elevated; therefore, the occurrence of the carry-over 
effect after the washout period cannot be definitively ruled out. Second, data on correla-
tions between measurements before and after the intervention were not available in all 
studies, although we tested robustness of the findings, imputing a wide range of possible 
values of correlations (0.3,0.5,0.7) and demonstrating the stability of the results regardless 
of imputed value. In the analysis of influence of Brazil nut ingestion on selenium concen-
tration, we detected evidence of small-study effects that may be due to not only the pub-
lication bias but also other factors such as study quality, differences in test procedures, or 
patient characteristics. 

5. Conclusions 
In conclusion, the findings from this meta-analysis of RCTs demonstrate that Brazil 

nut consumption increases selenium blood levels and GPx activity, suggesting their anti-
oxidant effects. However, there is no summary consistent evidence from the scientific lit-
erature that this antioxidant effect may translate into improvement of blood lipid profile. 
This study highlights the need for further research exploring the effect of Brazil nut con-
sumption toward cardiovascular health, taking into account more valid biomarkers. 
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nel plots for meta-analyses of differences of standardized mean changes for selenium status, GPx 
activity, cholesterol, HDL-c and LDL-c level; Figure S4: Differences of standardized mean changes 
in GPx activity between intervention groups supplemented with Brazil nuts and control groups in 
parallel randomized controlled trials; Figure S5: Differences of standardized mean changes in cho-
lesterol level between intervention groups supplemented with Brazil nuts and control groups in 
randomized controlled trials; Figure S6: Differences of standardized mean changes in HDL-c level 
between intervention groups supplemented with Brazil nuts and control groups in randomized 
controlled trials; Figure S7: Differences of standardized mean changes in LDL-c level between inter-
vention groups supplemented with Brazil nuts and control groups in randomized controlled trials; 
Table S1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist; 
Table S2: Effect of Brazil nut intervention compared to placebo on selenium status and GPx activity 
after imputed alternative values of missing correlations; Table S3: Results of meta-regression anal-
ysis (results presented for the imputed value of missing correlation equal to 0.5); Table S4: Effect of 
Brazil nut intervention compared to placebo on lipid profile after imputed alternative values of 
missing correlations. 

Author Contributions: Conceptualization, J.G., F.G., A.M. and G.G.; methodology and formal anal-
ysis, J.G., A.M., N.P. and G.G.; writing—original draft preparation, J.G., F.G., A.M., N.P. and G.G.; 
writing—review and editing, J.G., F.G., A.M., M.B., T.Y.F.-H., J.L.Q., N.P., L.F. and G.G.; visualiza-
tion, J.G. and A.M. All authors have read and agreed to the published version of the manuscript. 

Funding: Conducting of the study and its publication was partially funded from the Jagiellonian 
University statutory resources (A.M.). 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script; or in the decision to publish the results. 

References 
1. Kaur, J. A comprehensive review on metabolic syndrome. Cardiol. Res. Pract. 2014, 2014, 943162. 

https://doi.org/10.1155/2014/943162. 
2. Golia, E.; Limongelli, G.; Natale, F.; Fimiani, F.; Maddaloni, V.; Pariggiano, I.; Bianchi, R.; Crisci, M.; D’Acierno, L.; Giordano, 

R.; et al. Inflammation and cardiovascular disease: From pathogenesis to therapeutic target. Curr. Atheroscler. Rep. 2014, 16, 435. 
https://doi.org/10.1007/s11883-014-0435-z. 

3. Schulz, E.; Gori, T.; Münzel, T. Oxidative stress and endothelial dysfunction in hypertension. Hypertens. Res. 2011, 34, 665–673. 
https://doi.org/10.1038/hr.2011.39. 



Antioxidants 2022, 11, 403 13 of 15 
 

 

4. Forbes-Hernandez, T.Y.; Gasparrini, M.; Afrin, S.; Bompadre, S.; Mezzetti, B.; Quiles, J.L.; Giampieri, F.; Battino, M. The Healthy 
Effects of Strawberry Polyphenols: Which Strategy behind Antioxidant Capacity? Crit. Rev. Food Sci. Nutr. 2016, 56 (Suppl. 1), 
S46–S59. https://doi.org/10.1080/10408398.2015.1051919. 

5. Ansary, J.; Cianciosi, D. Natural antioxidants: Is the research going in the right direction? Med. J. Nutr. Metab. 2020, 13, 187–191. 
https://doi.org/10.3233/MNM-200484. 

6. Battin, E.E.; Brumaghim, J.L. Antioxidant activity of sulfur and selenium: A review of reactive oxygen species scavenging, 
glutathione peroxidase, and metal-binding antioxidant mechanisms. Cell Biochem. Biophys. 2009, 55, 1–23. 
https://doi.org/10.1007/s12013-009-9054-7. 

7. Kieliszek, M. Selenium−fascinating microelement, properties and sources in food. Molecules 2019, 24. 
https://doi.org/10.3390/molecules24071298. 

8. Cardoso, B.R.; Duarte, G.B.S.; Reis, B.Z.; Cozzolino, S.M.F. Brazil nuts: Nutritional composition, health benefits and safety 
aspects. Food Res. Int. 2017, 100, 9–18. https://doi.org/10.1016/j.foodres.2017.08.036. 

9. Del Gobbo, L.C.; Falk, M.C.; Feldman, R.; Lewis, K.; Mozaffarian, D. Effects of tree nuts on blood lipids, apolipoproteins, and 
blood pressure: Systematic review, meta-analysis, and dose-response of 61 controlled intervention trials. Am. J. Clin. Nutr. 2015, 
102, 1347–1356. https://doi.org/10.3945/ajcn.115.110965. 

10. Franco Estrada, Y.M.; Caldas, A.P.S.; da Silva, A.; Bressan, J. Effects of acute and chronic nuts consumption on energy 
metabolism: A systematic review of randomised clinical trials. Int. J. Food Sci. Nutr. 2021, 1–11. 
https://doi.org/10.1080/09637486.2021.1984401. 

11. Stanisic, J.; Ivkovic, T.; Romic, S.; Zec, M.; Culafic, T.; Stojiljkovic, M.; Koricanac, G. Beneficial effect of walnuts on vascular tone 
is associated with Akt signalling, voltage-dependent calcium channel LTCC and ATP-sensitive potassium channel Kv1.2. Int. J. 
Food Sci. Nutr. 2021, 72, 324–334. https://doi.org/10.1080/09637486.2020.1796931. 

12. Martini, D.; Godos, J.; Marventano, S.; Tieri, M.; Ghelfi, F.; Titta, L.; Lafranconi, A.; Trigueiro, H.; Gambera, A.; Alonzo, E.; et al. 
Nut and legume consumption and human health: An umbrella review of observational studies. Int. J. Food Sci. Nutr. 2021, 72, 
871–878. https://doi.org/10.1080/09637486.2021.1880554. 

13. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; 
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. J. Clin. Epidemiol. 2021, 
134, 178–189. https://doi.org/10.1016/j.jclinepi.2021.03.001. 

14. Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge, 
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. 
https://doi.org/10.1136/bmj.l4898. 

15. Morris, S.B.; DeShon, R.P. Combining effect size estimates in meta-analysis with repeated measures and independent-groups 
designs. Psychol. Methods 2002, 7, 105–125. https://doi.org/10.1037//1082-989X.7.1.105. 

16. Li, T.; Yu, T.; Hawkins, B.S.; Dickersin, K. Design, Analysis, and Reporting of Crossover Trials for Inclusion in a Meta-Analysis. 
PLoS ONE 2015, 10, e0133023. https://doi.org/10.1371/journal.pone.0133023. 

17. Maranhão, P.A.; Kraemer-Aguiar, L.G.; de Oliveira, C.L.; Kuschnir, M.C.; Vieira, Y.R.; Souza, M.G.; Koury, J.C.; Bouskela, E. 
Brazil nuts intake improves lipid profile, oxidative stress and microvascular function in obese adolescents: A randomized 
controlled trial. Nutr. Metab. 2011, 8, 32. https://doi.org/10.1186/1743-7075-8-32. 

18. Carvalho, R.F.; Huguenin, G.V.B.; Luiz, R.R.; Moreira, A.S.B.; Oliveira, G.M.M.; Rosa, G. Intake of partially defatted Brazil nut 
flour reduces serum cholesterol in hypercholesterolemic patients--a randomized controlled trial. Nutr. J. 2015, 14, 59. 
https://doi.org/10.1186/s12937-015-0036-x. 

19. Rita Cardoso, B.; Apolinário, D.; da Silva Bandeira, V.; Busse, A.L.; Magaldi, R.M.; Jacob-Filho, W.; Cozzolino, S.M.F. Effects of 
Brazil nut consumption on selenium status and cognitive performance in older adults with mild cognitive impairment: A 
randomized controlled pilot trial. Eur. J. Nutr. 2016, 55, 107–116. https://doi.org/10.1007/s00394-014-0829-2. 

20. Thomson, C.D.; Chisholm, A.; McLachlan, S.K.; Campbell, J.M. Brazil nuts: An effective way to improve selenium status. Am. J. 
Clin. Nutr. 2008, 87, 379–384. https://doi.org/10.1093/ajcn/87.2.379. 

21. Hu, Y.; McIntosh, G.H.; Le Leu, R.K.; Somashekar, R.; Meng, X.Q.; Gopalsamy, G.; Bambaca, L.; McKinnon, R.A.; Young, G.P. 
Supplementation with Brazil nuts and green tea extract regulates targeted biomarkers related to colorectal cancer risk in humans. 
Br. J. Nutr. 2016, 116, 1901–1911. https://doi.org/10.1017/S0007114516003937. 

22. Duarte, G.B.S.; Reis, B.Z.; Rogero, M.M.; Vargas-Mendez, E.; Júnior, F.B.; Cercato, C.; Cozzolino, S.M.F. Consumption of Brazil 
nuts with high selenium levels increased inflammation biomarkers in obese women: A randomized controlled trial. Nutrition 
2019, 63–64, 162–168. https://doi.org/10.1016/j.nut.2019.02.009. 

23. Huguenin, G.V.B.; Oliveira, G.M.M.; Moreira, A.S.B.; Saint’Pierre, T.D.; Gonçalves, R.A.; Pinheiro-Mulder, A.R.; Teodoro, A.J.; 
Luiz, R.R.; Rosa, G. Improvement of antioxidant status after Brazil nut intake in hypertensive and dyslipidemic subjects. Nutr. 
J. 2015, 14, 54. https://doi.org/10.1186/s12937-015-0043-y. 

24. Huguenin, G.V.B.; Moreira, A.S.B.; Siant’Pierre, T.D.; Gonçalves, R.A.; Rosa, G.; Oliveira, G.M.M.; Luiz, R.R.; Tibirica, E. Effects 
of Dietary Supplementation with Brazil Nuts on Microvascular Endothelial Function in Hypertensive and Dyslipidemic 
Patients: A Randomized Crossover Placebo-Controlled Trial. Microcirculation 2015, 22, 687–699. 
https://doi.org/10.1111/micc.12225. 

25. Grosso, G.; Estruch, R. Nut consumption and age-related disease. Maturitas 2016, 84, 11–16. 
https://doi.org/10.1016/j.maturitas.2015.10.014. 



Antioxidants 2022, 11, 403 14 of 15 
 

 

26. Battino, M.; Giampieri, F.; Cianciosi, D.; Ansary, J.; Chen, X.; Zhang, D.; Gil, E.; Forbes-Hernández, T. The roles of strawberry 
and honey phytochemicals on human health: A possible clue on the molecular mechanisms involved in the prevention of 
oxidative stress and inflammation. Phytomedicine 2021, 86, 153170. https://doi.org/10.1016/j.phymed.2020.153170. 

27. Ullah, H.; De Filippis, A.; Santarcangelo, C.; Daglia, M. Epigenetic regulation by polyphenols in diabetes and related 
complications. Med. J. Nutrition Metab. 2020, 13, 289–310. https://doi.org/10.3233/MNM-200489. 

28. Kryukov, G.V.; Castellano, S.; Novoselov, S.V.; Lobanov, A.V.; Zehtab, O.; Guigó, R.; Gladyshev, V.N. Characterization of 
mammalian selenoproteomes. Science 2003, 300, 1439–1443. https://doi.org/10.1126/science.1083516. 

29. Mehdi, Y.; Hornick, J.-L.; Istasse, L.; Dufrasne, I. Selenium in the environment, metabolism and involvement in body functions. 
Molecules 2013, 18, 3292–3311. https://doi.org/10.3390/molecules18033292. 

30. Roman, M.; Jitaru, P.; Barbante, C. Selenium biochemistry and its role for human health. Metallomics 2014, 6, 25–54. 
https://doi.org/10.1039/c3mt00185g. 

31. Barrett, C.W.; Reddy, V.K.; Short, S.P.; Motley, A.K.; Lintel, M.K.; Bradley, A.M.; Freeman, T.; Vallance, J.; Ning, W.; Parang, B.; 
et al. Selenoprotein P influences colitis-induced tumorigenesis by mediating stemness and oxidative damage. J. Clin. Investig. 
2015, 125, 2646–2660. https://doi.org/10.1172/JCI76099. 

32. Hamid, M.; Abdulrahim, Y.; Liu, D.; Qian, G.; Khan, A.; Huang, K. The Hepatoprotective Effect of Selenium-Enriched Yeast 
and Gum Arabic Combination on Carbon Tetrachloride-Induced Chronic Liver Injury in Rats. J. Food Sci. 2018, 83, 525–534. 
https://doi.org/10.1111/1750-3841.14030. 

33. Hoffmann, P.R.; Berry, M.J. The influence of selenium on immune responses. Mol. Nutr. Food Res. 2008, 52, 1273–1280. 
https://doi.org/10.1002/mnfr.200700330. 

34. Hu, X.F.; Eccles, K.M.; Chan, H.M. High selenium exposure lowers the odds ratios for hypertension, stroke, and myocardial 
infarction associated with mercury exposure among Inuit in Canada. Environ. Int. 2017, 102, 200–206. 
https://doi.org/10.1016/j.envint.2017.03.002. 

35. Lubos, E.; Loscalzo, J.; Handy, D.E. Glutathione peroxidase-1 in health and disease: From molecular mechanisms to therapeutic 
opportunities. Antioxid. Redox Signal. 2011, 15, 1957–1997. https://doi.org/10.1089/ars.2010.3586. 

36. Herbette, S.; Roeckel-Drevet, P.; Drevet, J.R. Seleno-independent glutathione peroxidases. More than simple antioxidant 
scavengers. FEBS J. 2007, 274, 2163–2180. https://doi.org/10.1111/j.1742-4658.2007.05774.x. 

37. Cao, J.Y.; Dixon, S.J. Mechanisms of ferroptosis. Cell. Mol. Life Sci. 2016, 73, 2195–2209. https://doi.org/10.1007/s00018-016-2194-
1. 

38. Sharma, G.; Shin, E.-J.; Sharma, N.; Nah, S.-Y.; Mai, H.N.; Nguyen, B.T.; Jeong, J.H.; Lei, X.G.; Kim, H.-C. Glutathione 
peroxidase-1 and neuromodulation: Novel potentials of an old enzyme. Food Chem. Toxicol. 2021, 148, 111945. 
https://doi.org/10.1016/j.fct.2020.111945. 

39. El-Demerdash, F.M.; Nasr, H.M. Antioxidant effect of selenium on lipid peroxidation, hyperlipidemia and biochemical 
parameters in rats exposed to diazinon. J. Trace Elem. Med. Biol. 2014, 28, 89–93. https://doi.org/10.1016/j.jtemb.2013.10.001. 

 


