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and ellagic acid and have improvement effects on plasma selenium levels, Glutathione peroxidase (GPx),
and thyroid hormones but the results have not been summarized in a meta-analysis. The purpose of this
study is to investigate the effect of brazil nut on plasma selenium levels, GPx, and thyroid hormones.
Literature search was done in MEDLINE/PubMed, Scopus and web of sciences databases up to October

Key V‘.’ords" 2019. Studies included that had RCTs design, use brazil nut as intervention, and reported selenium levels,
Brazil nut . . . S e .
Selenium Glutathione peroxidase, or thyroid hormones as outcome. PRISMA guidelines followed to perform this

meta-analysis and results combined using DerSimonian and Laird random effect model. Seven studies
with 315 participant’s included and analyzed in this meta-analysis. Mean duration of intervention was
11 weeks and mean dosage of brazil nut was 9.42 g/day in included studies. Our study found brazil
nut have significant increasing effect on plasma selenium levels (WMD: 87.63 microg/l, 95% CI: 36.02,
139.24, 12 = 98%). Furthermore, Brazil nut had increasing effect on GPx levels too (WMD: 8.05U/gHb,
95% CI:0.65, 15.45, 1> = 96%) but brazil nut had no significant effect on T3 (WMD: 0.06 pg/ml, 95% CI:
—0.50, 0.39, I? = 74%), T4 (WMD: —0.01 pg/ml, 95% CI: —0.46, 0.44, I? = 82%), and TSH levels (WMD:
0.01 ng/ml, 95% CI: —0.03, 0.05, 12 = 0.67%).The findings of this meta-analysis indicates brazil nut increase
plasma selenium and GPx levels.
© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nuts are regarded as high energy foods that containing high
unsaturated fatty acids (Venkatachalam and Sathe, 2006). In addi-
tion to their fat content, nuts are abundant sources of fibre, folate,
and antioxidants (Kornsteiner et al., 2006; Ros, 2010). There has
been extensive research carried out regarding nut consumption
and health outcomes, primarily attributable to their desirable
nutritional composition, and are purportedly capable of reducing
the risk of cardiovascular disease (Cardoso et al., 2017;
Mozaffarian, 2016), and its risk factors such as oxidative and
inflammation factors (Lopez-Uriarte et al., 2009), and hypercholes-
terolemia (Cardoso et al., 2017; Del Gobbo et al., 2015).

Selenium supports various physiological processes and regula-
tions (Roman et al., 2014). Moreover, consumption of this micronu-
trient has been associated with many health benefits, for instance,
decreased cancer risk (Méplan & Hesketh, 2014), decreased risk of
various neurodegenerative diseases (Cardoso et al.,, 2015), and
modulation of the thyroid function (Ahren et al., 2019; De Farias
et al.,, 2015). Although considered an essential micronutrient,
insufficient selenium intake has been reported globally, including
Europe, the Middle East, Australasia, South America, and Asia
(Abdul-Aziz et al., 2015; Cardoso et al., 2010; Thomson, 2004;
Thomson, 2004). This lack of selenium intake represents a global
issue with potentially injurious health ramifications, and because
of this, brazil nuts have been asserted to be an effective alternative
to improve the selenium levels, because they are the most abun-
dant food source of selenium (Thomson et al., 2008). In fact,
according to Thomson et al., daily consumption of two nuts that
equal to 53 pg of selenium was effective as 100 pg selenium
selenomethionine supplementation in improving plasma selenium
levels (Thomson et al., 2008).

Furthermore, a recent critical review of brazil nut aetiology
found that the nuts possess a high nutritional value (Yang, 2009).
It was also discerned that 160% of the US Recommended Daily
Allowance (RDA) of selenium provides with one single Brazil nut
(Yang, 2009). In Yang et al, the authors surmised that these com-
pounds elicit beneficial effects due to their antioxidant and
antiproliferative activities, which are linked to a reduced risk for
various non-communicable diseases (Yang, 2009). However, whilst
brazil nuts have been well reviewed, to the author’s knowledge,
there exists no quantitative analysis elucidating the overall effect

of brazil nuts on selenium levels and thyroid hormones. Therefore,
the aim of this the study was to investigate the effect of brazil nuts
on selenium levels and thyroid hormones, by conducting a system-
atic review and meta-analysis of randomized controlled trials.

2. Methods
2.1. Literature search

PRISMA guidelines were followed to perform this systematic-
review and meta-analysis. Literature search with MeSH terms
and keywords conducted in MEDLINE/PubMed, Scopus and Web
of sciences (WOS) databases without time and language limitation
by two reviewers, independently from inception up to October
2019 (Supplementary Table 1). References cited of relative articles
(review and original) were examined too. All disagreements
resolved by discussion with senior author.

2.2. Selection criteria

Inclusion criteria were: 1- RCTs design (parallel or cross-over),
2-Intervention with brazil nut, 3- Age > 18 years, 4- Reported
selenium levels, Glutathione peroxidase, and thyroid hormones
as outcome. We excluded Animal, in vivo, or in-vitro studies, and
non-original, conference, and review papers. Studies that exam-
ined multiple-component interventions too. In missing data,
Authors were contacted with correspond of included studies.

2.3. Statistical analyses

Risk of bias assessment was done by RevMan 5.3, and references
managed by End-Note X9 software. Furthermore, statistical analy-
ses performed by STATA software (version 12, College119 station,
Texas). Mean difference and SD in intervention and control group
used to calculated combined results. Following formula
(SD?change = SD?baseline + SD*final — (2 x Corr x SDbaseline x
SDfinal)) used to calculate SD of the mean difference, if the studies
did not report it (Higgins and Green, 2011). Pooled weighted mean
difference (WMD) calculated by Random-effects model. Hetero-
geneity among results assessed using the I-squared (I?) statistics



[ Identification

[Includ] [Eligibilit] [Screemng

Y. Li et al./Journal of King Saud University — Science 32 (2020) 1845-1852

Records identified through database searching

PubMed/MEDLINE (n = 39)
Scopus (n=93)
Web of sciences (n =75)

Total records
(n =205)

Records excluded because duplicated
(n=86)

i

Records after removing duplicates

(n=119)

Records excluded at title and / or abstract
(n=99)

v

Full-text articles assessed for eligibility
(n=20) ™

I

Full-text articles excluded (n=13):

Outcome data presented in an unsuitable format (n =4)

Studies without control groups (n=2)

1847

Articles included in qualitative synthesis Non-RCTs (n=7)
(n=7)
Fig 1. Flow chart of included studies.

Table 1

Characteristics of included studies.
Author Location year Participants (n) Gender Age (year) dose (g/day) Duration of study (week)
Rreis Brazil 2019 54 Female 18-55 5 8
Duarte Brazil 2019 49 Female 18-55 5 8
Rita Cardoso Brazil 2016 20 Both 77.7 5 24
Hu Australia 2016 21 Both 52-75 15 6
Huguenin Brazil 2015 91 Both >20 13 12
carvallo Brazil 2015 77 Both 40-80 13 12
Thomson New zeland 2008 40 Both 18-60 10 12
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Other bias

test. Meta-regression performed to find source of heterogeneity.
Publication bias assessed using funnel plots, Begg’s test and Egger’s
regression test (Egger et al., 1997). The leave-one-out method

. Selective reporting {reparting hias)

Fig. 2. Cochrane risk of bias assessment.

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Blinding of paticipants and personnel (perfarmance bias)

conducted to determine the impact of each study on pooled results
in sensitivity analysis. Cochrane collaboration’s tool followed for
risk of bias assessment (Higgins et al., 2011).
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a) Thyroid-stimulating hormone

Study %

D WMD (95% CI) Weight

1
|
1
' \
Rreis (2019) | & / 0.06 (0.01, 0.11) 28.52
|
|
|
Hu (2016) = L -0.03 (-0.10, 0.03) 22.59
1
|
|
carvallo (2015) - 0.01 (0.00, 0.02) 48.89
]
1
]
Overall (I-squared = 67.9%, p = 0.044) < : 0.01(-0.03, 0.05) 100.00
1
|
1
1
|
NOTE: Weights are from random effects analysis :
T : T
-108 0 .108
b) Plasma selenium
Study %
ID WMD (95% Cl) Weight
i
Duarte (2019) : - 159.40 (145.99, 172.81) 16.95
1
1
1
Rita Cardoso (2016) : —&— 236.60 (195.77, 277.43) 15.48
|
1
Huguenin (2015) —— : 56.82 (36.15, 77.49) 16.68
|
Maranhao (2011) o : 14.50 (1.52, 27.48) 16.96
1
1
Thomson (2008) - : 54.30 (45.10, 63.51) 17.05
|
1
Hu (2016) - : 16.53 (0.78, 32.27) 16.87
1
Overall (I-squared = 98.6%, p = 0.000) <> 87.63 (36.02, 139.24) 100.00
1
i
1
NOTE: Weights are from random effects analysis :
1
T T

=277 0 277

Fig. 3. Meta-analysis of effect of brazil nut consumption on.
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¢) Glutathione peroxidase

Study %

D WMD (95% CI) Weight

[
1
I
1
Duarte (2019) —l—:- 6.00 (3.53, 8.47) 34.88
1
I
l
|
Rita Cardoso (2016) : —8&—— 20.24 (13.99, 26.49) 28.83
1
l
|
l
Thomson (2008) [ ] i 0.34 (0.25, 0.43) 36.29
I
l
Overall (I-squared = 96.6%, p = 0.000) 8.05 (0.65, 15.45) 100.00
1
l
|
l
|
|
NOTE: Weights are from random effects analysis :
1
1
I I
-26.5 0 26.5
d) T3
Study %
D WMD (95% ClI) Weight
i
]
]
]
Hu (2016) = : -0.26 (-0.50, -0.02) 55.70
]
1
1
I
I
carvallo (2015) : = 0.20 (-0.19, 0.59) 44.30
1
]
)
]
Overall (I-squared = 74.6%, p = 0.047) : -0.06 (-0.50, 0.39) 100.00
1
1
I
1
]
1
]
NOTE: Weights are from random effects analysis :
]
1
T ' T
-.587 [ 587

Fig. 3 (continued)



1850 Y. Li et al./Journal of King Saud University - Science 32 (2020) 1845-1852
e) T4

Study %

D WMD (95% Cl) Weight
i
|
]

Hu (2016) L : -0.26 (-0.57, 0.05) 46.41
1
1
|

carvallo (2015) : = 0.20 (-0.00, 0.40) 53.59
1
]
i

Overall (I-squared = 82.9%, p = 0.016) : -0.01 (-0.46, 0.44) 100.00
]
1
]
1
1
i

NOTE: Weights are from random effects analysis :
i
1

I I
-.574 0 574
Fig. 3 (continued)
3. Results nut on TSH levels (WMD: 0.01 ng/ml, 95% CI: —0.03, 0.05, I> = 67%)

3.1. Study selection

Fig. 1 presented the flow diagram of systematic search in data-
bases. In primary search in three databases 205 articles were iden-
tified that 86 articles removing because duplication. In title and/or
abstract screening 99 articles excluded and in final step of screen-
ing full text of 20 articles evaluated that 13 of them did not meet
included criteria. Finally, 7 studies selected for inclusion in this
meta-analysis (Carvalho et al., 2015; Duarte et al., 2019; Hu
et al., 2016; Huguenin et al., 2015; Reis et al., 2019; Rita Cardoso
et al.,, 2016; Thomson et al., 2008).

3.2. Study characteristics and quality assessment

Table 1 presented details on the characteristics of the included
studies. Studies were publishing between 2008 and 2019. Five stud-
ies were conducted in Brazil (Carvalho et al., 2015; Duarte et al.,
2019; Huguenin et al., 2015; Reis et al., 2019; Rita Cardoso et al.,
2016), one in New Zealand (Thomson et al., 2008), and one in Aus-
tralia (Hu et al., 2016). Five studies conducted in both gender
(Carvalho et al., 2015; Hu et al., 2016; Huguenin et al., 2015; Rita
Cardoso et al., 2016; C. D. Thomson et al., 2008) and two in women
(Duarte et al., 2019; Reis et al., 2019). One study had cross over
design (Huguenin et al., 2015) and six had parallel (Carvalho et al.,
2015; Duarte et al,, 2019; Hu et al., 2016; Reis et al., 2019; Rita
Cardoso et al., 2016; Thomson et al., 2008). Mean duration of inter-
vention was 11 weeks from 8 to 24 weeks and mean dosage of brazil
nut was 9.42 g per day from 5 to 15 g per day. Quality of studies pre-
sented in Fig. 2. Most of included studies had good quality.

3.3. Meta-analysis

Three studies reported TSH as an outcome measure (Carvalho
et al,, 2015; Hu et al., 2016; Reis et al., 2019). Combined result
by random effect model show not any significant effect from brazil

(Fig. 3a). Meta-regression based on dose of brazil nut showed that
there is an inverse relation between Dose of brazil nut and TSH
levels (Coef = —0.0069) but this relation is not statistically signifi-
cant (p = 0.26).

Seven studies with 315 participants reported plasma selenium
levels as an outcome measures (Carvalho et al.,, 2015; Duarte
et al., 2019; Hu et al,, 2016; Huguenin et al., 2015; Reis et al,,
2019; Rita Cardoso et al., 2016; Thomson et al., 2008). Brazil nut
had a significant increase effect on plasma selenium levels
(WMD: 87.63 microg/l, 95% Cl: 36.02, 139.24, I>= 98%). Further-
more, Brazil nut had increasing effect on GPx levels too (WMD:
8.05 U/gHb, 95% CI: 0.65, 15.45, I = 96%) (Duarte et al., 2019;
Rita Cardoso et al., 2016; Thomson et al., 2008) (Fig. 3b, 3c).

Pooled result from included studies show not significant effect
from brazil nut intervention on T3 (WMD: 0.06 pg/ml, 95% CI:
—0.50, 0.39, I>= 74%) and T4 (WMD: —0.01 pg/ml, 95% CI: —0.46,
0.44, 12 = 82%) hormones, respectively (Carvalho et al., 2015; Hu
et al., 2016) (Fig. 3d, 3e).

3.4. Publication bias and sensitivity analysis

Funnel plots of included studies showed that there is not any
asymmetric among distribution of studies. Furthermore, the
Egger’s and Begg's test show not publication bias between included
studies for TSH (p = 0.89, p = 0.60), Plasma selenium (p = 0.51,
p=0.34),GPx (p=0.09, p=0.11), T3 (p= -, p=0.31) and T4
(p = —, p = 0.31) hormones, respectively.

The effect sizes for the influence of brazil nut on TSH, Plasma
selenium, GPx, T3 and T4 hormones were robust in the sensitivity
analysis, suggesting that omission of each trial did not have a sig-
nificant effect on the results.

4. Discussion

There has been extensive research carried out regarding nut
consumption and health outcomes, particularly brazil nuts, which



Y. Li et al./Journal of King Saud University — Science 32 (2020) 1845-1852 1851

are purportedly capable of reducing the CVD risk (Mozaffarian,
2016; Ros, 2015), hypercholesterolemia (Del Gobbo et al., 2015;
Ros, 2015), diabetes (Asghari et al., 2017; Estruch et al., 2006),
and thyroid function (Roman et al., 2014), and putatively mediated
by selenium levels, and upregulated by Glutathione peroxidase
(Thomson et al., 2008). However, whilst brazil nuts have been well
reviewed, to the author’s knowledge, there exists no quantitative
analysis elucidating the overall effect of brazil nuts on selenium
levels and thyroid hormones; thus, we sought to conduct a system-
atic review and meta-analysis of the effect of brazil nuts on sele-
nium levels, Glutathione peroxidase (GPx), and thyroid
hormones. In accordance with the aforementioned aim, we found
that brazil nut consumption yielded significant increases in plasma
Selenium and GPx, but not thyroid hormones.

The essential micronutrient selenium is a tenet of selenopro-
teins in antioxidant and redox reactions, metabolism of thyroid
hormones, immune system function, and reproductivity. Inade-
quate amounts of selenoproteins are strongly associated with
oxidative stress and its incumbent diseases (Thomson et al.,
2008). Cytosolic glutathione peroxidase-1 is an antioxidative
enzyme that catalyzes hydrogen peroxide and organic peroxides
via glutathione metabolism (Brigelius-Flohé, 1999). Furthermore,
plasma selenium and GPx activity have been used as conduits to
infer the bioavailability of selenium supplementation (Duffield
et al, 1999; Levander et al, 1983; Thomson et al, 1985;
Thomson et al., 1993). Plasma selenium is considered to represent
short-term alterations in tissue selenium concentrations, whilst
plasma or whole blood GPx measures are asserted to represent
functional indexes of overall selenium status. Importantly, how-
ever, plasma GPx may only reflect short-term changes, as opposed
to whole blood activity, which is believed to better reflect longer-
term changes, and is attributed to the relatively long erythrocyte
life span of 120 days. Indeed, we found that there is an inverse rela-
tion between dose of brazil nut and TSH levels, but this was not
statistically significant (p = 0.26). Clearly, investigation of longer-
term effects of brazil nut supplementation is warranted, particu-
larly as we noted that the average duration of intervention was
11 weeks, ranging from 8 to 24 weeks. Interestingly, although sele-
nium is regarded as essential in the effective functioning of the
thyroid, we found no significant changes in any thyroid hormone.
This finding is reflective of the equivocal reports in the literature
regarding selenium and thyroid function, therein stymieing any
overall consensus on TSH and T-hormones.

4.1. Putative mechanism

Selenium is known to possess several important antioxidant
properties (Brigelius-Flohé et al., 2003; Néve, 1996; Rayman,
2000). GPx, a selenoprotein, acts to reduce hydrogen peroxide, lipid
hydroperoxides, and thioredoxin reductases, which is believed to
help and maintain the intracellular redox status (Rayman, 2000).
Whilst selenoprotein P, an additional selenoprotein, is speculated
to protect the endothelial cells against peroxynitrite and lipid per-
oxidation, respectively (Arteel et al., 1999; Burk and Hill, 2005). In
humans, selenium supplementation has been shown to yield
increases in enzymatic antioxidant activity (Monget et al., 1996;
Trankmann et al., 1999) and decreases lipid peroxidation (Brown
et al., 2001; Salonen et al., 1991), whilst reductions in the produc-
tion of inflammatory prostaglandins and leukotrienes has been
mediated by the neutralization of peroxide intermediates
(Rayman, 2000). In thromboxane synthesized prostaglandins,
low, or inadequate, selenium may yield unwanted increases in
platelet aggregability and vasoconstriction (Huang et al,
2002; Neve, 1996; Rayman, 2000). However, RCTs of selenium

supplementation and platelet function, blood pressure levels, and
lipid profile, have yielded equivocal findings (Brown et al., 2001;
Salonen et al., 1991; Van et al., 1992).

Inflammation decreased by even moderate selenium supple-
mentation because selenium has been shown beneficial effects in
both immune function and oxidative stress (Broome et al., 2004;
Esposito et al., 2004; Roy et al., 1994; Willet et al., 1995); Interest-
ingly, fatty acid levels and selenium status are considered to repre-
sent vital modulators of the GPx expression, which may putatively
impact the levels of oxidative stress and fatty acid metabolism
within the endothelium (Sneddon et al., 2003). Such benefits are
exemplified in the brazil nut, where its nutritional composition
may confer numerous complementary health benefits; indeed,
clinical trials have reported an increase in antioxidant defense
capability after nuts consumption, because increase in erythrocyte
catalase activity (Canales et al., 2007).

4.2. Strengths and limitations

The primary strength of this study was that, to the authors’
knowledge, this is the first meta-analysis to assess the impact of
brazil nuts on selenium levels, Glutathione peroxidase, and thyroid
hormones; and given the potential influence on clinical and com-
plimentary practice, this may be considered a useful addition to
the literature. Prior to this meta-analysis, the evidence base was
relatively equivocal, and thus necessitated a meta-analytical
assessment, which we have provided. We found that there is suffi-
cient evidence for brazil nut consumption to elicit significant, ben-
eficial effects on plasma selenium and GPx. An additional strength
of the current meta-analysis is the heterogeneous nature of the
included participants, which incorporated a range of demograph-
ics, ethnicities and ages. However, there are some limitations that
need to be appreciated within this meta-analysis. Ad libitum diets
may act to confound some of the results of the meta-analysis, how-
ever, this is a feature of nutritional research, and out of the control
of this study. The small sample sizes of the studies was another
limitation of this meta-analysis.

5. Conclusion

In conclusion, we found that there is sufficient evidence to sup-
port that brazil nut consumption, at an average dose of 9.42 mg/day
for an average of 11 weeks can elicit significant improvements in
plasma selenium and GPx. However, the literature base remains
equivocal regarding the overall effect on thyroid hormones and
necessitates a greater number of RCT’s and longitudinal investiga-
tions. Encouragingly, however, no deleterious side-effects of brazil
nut consumption have been reported, meaning that its consump-
tion is, likely, universally safe.
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