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ABSTRACT

Objective: To investigate the effects of dietary supplementation
with GBNs on microvascular endothelial function in hypertensive
and dyslipidemic patients.

Methods: Ninety-one patients of both sexes aged 62.1 + 9.3 years
received 13 g/day of GBNs or a placebo for three months with a
washout period of one month between treatments. Microvascular
endothelial function was assessed using LSCI coupled with ion-
tophoresis of ACh and PORH. We also used skin video capil-
laroscopy to measure capillary density and recruitment at rest and
during PORH. Plasma concentrations of NOx were also measured as
a marker of nitric oxide bioavailability.

Results: Supplementation with GBNs significantly increased the
plasma levels of Se (p < 0.05) and NOx (p < 0.05). However, we did
not observe any effects of GBN consumption on microvascular
vasodilator responses to ACh or PORH (p > 0.05), and GBNs did
not improve capillary density at baseline or recruitment during
PORH (p > 0.05).

Conclusions: Supplementation with GBNs induced significant
increases in the plasma Se concentration and systemic bioavailability

of nitric oxide. Nevertheless, GBN supplementation did not lead to
any improvement in systemic microvascular reactivity or density in
patients with arterial hypertension and dyslipidemia who were
undergoing multiple drug therapies.

Key woros: Brazil nuts, systemic microcirculation, endothelial func-
tion, hypertension, dyslipidemia, randomized controlled trial

Abbreviations used: ACE, angiotensin-converting enzyme; ACh,
acetylcholine; AMI, acute myocardial infarction; APUs, arbitrary
perfusion units; ASA, acetylsalicylic acid; AUC, area under the curve;
BMI, body mass index; CABG, coronary artery bypass grafting;
CHD, coronary heart disease; CVC, cutaneous vascular conduc-
tance; DBP, diastolic blood pressure; GBNs, granulated Brazil nuts;
HDL-¢, high-density lipoprotein-cholesterol; LDL-c, low-density
lipoprotein-cholesterol; LSCI, laser speckle contrast imaging; MAP,
mean arterial pressure; NOx, nitrite and nitrate; PORH, post-
occlusive reactive hyperemia; SBP, systolic blood pressure; Se,
selenium; TEV, total energy value; WC, waist circumference.
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INTRODUCTION

The dietary consumption of nuts has been associated with
beneficial effects on cardiovascular health [33], including
improved vascular endothelial function [7], reduced serum
lipids [38], and a reduced risk of hypertension [26].
Therefore, nuts are currently considered to be a component
of a cardioprotective diet [29]. Brazil nuts (Bertholletia

excelsa, Lecythidaceae) are thought to be the food that
contains the highest content of unadulterated Se [14]. Se is a
key component that is incorporated into selenoproteins,
which have antioxidant and anti-inflammatory properties
and participate in the metabolism of thyroid hormones [32].
The consumption of Brazil nuts can significantly increase the
activity of glutathione peroxidase, which is a selenoprotein
involved in the dismutation of hydrogen peroxide [45]. In
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addition, oxidative stress is associated with endothelial
dysfunction in patients with hypertension [12] and hyper-
cholesterolemia [30]. Partially defatted GBNs are produced
after partial extraction of extra virgin oil from the nuts, and
the solid compound resulting from this lipid extraction is
crushed.

Prospective studies in humans have demonstrated that
endothelial dysfunction is an independent predictor of
adverse cardiovascular events and leads to poor long-term
prognosis [41]. Hypertensive and dyslipidemic individuals
demonstrate decreased endothelial function compared with
healthy controls [8], and both diseases are predictors of
damage to the vascular endothelium, which is directly related
to endothelial dysfunction [3]. Moreover, there is an
association between improvement in endothelial function
and an increase in the survival rate of patients with coronary
artery disease [13].

A previous study observed improved brachial arterial flow
in hypercholesterolemic subjects after four weeks of a diet
enriched with nuts [34], and similar results have also been
reported after the consumption of a single meal enriched
with nuts [9]. The only study to date that has examined
Brazil nut consumption and microvascular function was
conducted on obese adolescents, and the results showed
improved skin nutritive capillary function after supplemen-
tation [25].

Therefore, the primary aim of this study was to investigate
the effects of partially defatted GBNs in combination with
individual diet on microvascular endothelial function in
severely hypertensive and dyslipidemic patients. Our hypoth-
esis was based on the protective effects of the bioactive
compounds present in Brazil nuts and their use as an
adjunctive therapy for the treatment of hypertension and
dyslipidemia to improve endothelial dysfunction.

The evaluation of the microcirculatory effects resulting
from dietary supplementation with Brazil nuts was achieved
using LSCI coupled with physiological and pharmacological
provocations in the evaluation of cutaneous microvascular
reactivity, and intra-vital video microscopy was used to
evaluate skin capillary density and reactivity.

MATERIALS AND METHODS

Subjects

One hundred and thirty-seven subjects were screened at the
Clinic of Atherosclerosis and Cardiovascular Disease Preven-
tion of the National Institute of Cardiology, Rio de Janeiro,
Brazil from September 2011 to September 2012. Of the 137
subjects screened, 125 were eligible for the study. Males and
females aged >20 years with referred diagnoses of dyslipi-
demia and hypertension who had been taking medication for
their condition for at least three months were included in this
study. The exclusion criteria were as follows: patients with a

food allergy to Brazil nuts, those who were pregnant or
breastfeeding, those on a low calorie diet, those using dietary
supplements containing antioxidant vitamins or minerals,
those using corticoid substances, and those with thyroid
disease, chronic renal failure, liver disease, cancer, rheumatic
disease, or systemic connective tissue disease. This study was
approved by the Institutional Review Board of the National
Institute of Cardiology (protocol #0316/11) and was regis-
tered at ClinicalTrials.gov (NCT01990391).

Study Design and Dietary Intervention

A randomized placebo-controlled, double-blind crossover
trial was performed. Subjects were provided with either
partially defatted GBNs or placebo along with nutritional
counseling for dyslipidemia and hypertension [6,43]. Each
supplementation period lasted for three months, as
described in a previous study [25], with monthly follow-
ups, when the supplements were given to patients in a
white bottle with a standard spoon. No specific time
during which to consume the supplements was specified.
Nevertheless, the subjects were advised to take the supple-
ments with meals or snacks. A previous study showed that
after 16 weeks of Brazil nut consumption, functional
changes were induced in the microvascular reactivity of
obese adolescents [25]. After the first step of the interven-
tion, the subjects underwent a washout period of one
month, during which they did not receive any supple-
ments. After the washout period, the patients underwent a
second step of supplementation (crossover design). The
randomization was simple, in blocks of 10 and based on a
table of random numbers that were blinded from all
researchers except for one who encoded the bottles of
supplements and had no contact with the center at which
the study was conducted.

The subjects being treated with GBNs were advised to
consume a standard portion of 13 g per day (containing an
average of 227.5 ug of Se) of partially defatted GBNs (Ouro
Verde Amazénia®, Mato Grosso, Brazil). The amount of
GBN s was calculated to provide an average dose of 200 ug of
Se, based on a previous study demonstrating that higher
doses could impair glucose homeostasis [45]. Partially
defatted GBNs were used in this study rather than the Brazil
nut kernel because these two nut products contain similar
amounts of Se (227.5 versus 249.21 ug, respectively). Because
the main purpose of this study was to study the effects of Se
supplementation, rather than the single consumption of
Brazil nuts, we assessed the Se content in all batches of
partially defatted GBNs and found it to always be ~200 ug of
Se. Adherence to the consumption of the supplement was
monitored using the evaluation of plasma Se concentrations
because this is considered to be a good marker of Se intake
[44]. Thus, the monthly rates of plasma Se were calculated
using basal values plasma Se and values after each month of
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intervention. The equation for the calculation of the slope of
the regression line was: bzw. We considered
adherent to the intervention t xpfitients who showed
increasing monthly rates of plasma Se (>0). Patients who
showed monthly rates of plasma Se <0 were considered as
non-adherent. Using this standard, in our study 91.2%
(n = 83) of the patients were considered to be adherent to
the supplementation.

The placebo (Mane do Brazil Industria e Comércio Ltda,
Rio de Janeiro, Brazil) was composed of flavored cassava
flour (which has a nutty aroma) and was lightly stained (with
natural caramel pigment) to approximate the appearance
and smell of GBNs. During the placebo intervention, the
patients were advised to consume a standard portion of 10 g
of placebo daily. The calculation of the diet was based on
TEV formulas for men and women according to their
nutritional status, age, and a physical activity coefficient of
1.0 related to physical inactivity [2]. The distribution of
macronutrients was balanced and followed the guidelines for
hypertension and dyslipidemia [6,43].

The sample size calculation was performed in a pilot
study comprised of the first 15 participants, considering a
13% increase in skin microvascular blood flow induced by
PORH after treatment with Brazil nuts. A power of 80%
and a bilateral confidence interval of 90% were used. The
calculated sample size was 112, and this number was
increased by 11% (to a total of 125 subjects) to account for
possible losses.

The excellent reproducibility of the skin PORH
responses has been systematically investigated by Cracowski
and colleagues [28,35-37]. The coefficients of variation and
intra-class correlation coefficients of PORH peak responses
using LSCI were 8% and 0.76, respectively, showing that
the reproducibility is much higher than that obtained with
the earliest methodologies such as single point laser
Doppler flowmetry (30% and 0.54, respectively) [37]. We
have previously studied the day-to-day repeatability of
PORH peak responses using LSCI in eight healthy
volunteers (four men) aged 33 £ 9 years (data not pub-
lished). The increases in CVC observed during PORH in
the first and second days were of 0.56 £+ 0.14 and
0.52 &+ 0.11  APU/mmHg, respectively  (p = 0.2645;
Table 1). The coefficients of wvariation and intra-class
correlation coefficients of PORH peak responses were
11% and 0.69, respectively, demonstrating the excellent
reproducibility of the method.

Compositions of Supplements

Thirteen grams of partially defatted GBNs contained
64.4 kcal, 2.8 g carbohydrate, 3.4 g protein, 5.6 g total fat,
and 2.6 g dietary fiber. Ten grams of the placebo was
composed of [49] 36.5 kcal, 8.92 g carbohydrate, 0.12 g
protein, 0.03 g total fat, 0.65 g dietary fiber, and 0.07 ug Se.
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Table 1. Day-to-day repeatability of microvascular parameters in
healthy volunteers (n = 8) using LSCI

Hemodynamic and
microvascular

parameters Day 1 Day 2 p Values

84 + 7
0.40 £ 0.1

88 £ 9
0.37 £ 0.2

0.7215
0.5753

MAP (mmHg)

Increase in CVC
induced by ACh
iontophoresis
(APU/mmHg)

AUC of ACh
jontophoresis
(APU/sec)

Peak CVC during
PORH
(APU/mmHg)

Increase in CVC
during
PORH (APU/mmHg)

8,201 &+ 3,046 6,150 &+ 4,026 0.1836

0.88 £ 0.2 0.85 £ 0.1 0.5944

0.56 £ 0.14 0.52 £ 0.11 0.2645

The results are expressed as the mean =+ SD; Paired two-tailed
Student'’s t-test.

Analysis of Se Content in Partially Defatted GBNs
The Se content in the partially defatted Brazil nuts was
analyzed according to Benicasa et al. [4] and adapted for
use with 0.3 g of sample, 6 mL of bi-distilled nitric acid
and 3 mL of hydrogen peroxide (both from Merck®,
Darmstadt, Germany). Samples were decomposed in a
microwave oven (model DGT 100 plus; Provecto Analitica,
Jundiai, Sao Paulo, Brazil). The resulting solutions were
transferred to polyethylene flasks and diluted to 50 mL
with distilled and deionized water (minimum resistivity of
18 MQ cm, MilliQ System; Millipore, Bedford, MA, USA).
The reading of the 7’Se isotope was performed by ICP-MS
(Agilent 7500 CX series, Santa Clara, CA, USA). Accuracy
was evaluated by recovery tests and analysis of a dogfish
liver certified reference material for trace metals (DOLT-3;
National Research Council Canada Standard, Canada).
Recoveries of approximately 100% were observed. Each
batch of the partially defatted GBNs was analyzed, and the
amount of Se measured was 17.5 & 0.2 ug/g, which
corresponded to 227.5 ug in 13 g of GBNs.

Evaluation Questionnaires

A questionnaire was used to obtain information pertaining to
socio-demographic parameters, medical history, lifestyle, and
the use of medication. To assess physical activity, a previ-
ously validated questionnaire was used [16]. Patients who
performed at least 150 minutes of moderate intensity
exercise per week, according to international recommenda-
tions, were considered physically active [11].
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Anthropometric and Blood Pressure Assessments
Anthropometric evaluation was performed at baseline and
after supplementation. This evaluation included measure-
ments of weight (kg), height (m), and WC (cm) and
calculation of BMI (kg/m*). BMI was classified according to
the WHO.

SBP and DBP were measured in the supine position using
a sphygmomanometer twice by a trained professional, with a
one-minute interval between the two measurements. The
SBP and DPB were measured immediately before microvas-
cular examination, at baseline, and after supplementation,
and the average value was used as the patient’s blood
pressure. The MAP was calculated as DBP + 1/3
(SBP — DBP) and used in the calculation of CVC.

Laboratory Measurements

Blood samples were collected after 12 hours of overnight
fasting at baseline and after intervention, and laboratory
evaluations were performed by an automated method
(ARCHITECT ¢i8200, Abbott ARCHIECT®; Abbott Park,
Chicago, IL, USA) using commercial kits (Abbott ARCHI-
TECT ¢8000°, Abbott Park, IL, USA). Serum triglyceride
levels, total cholesterol, and HDL-c were evaluated. LDL-c
was calculated using the formula described by Friedewald,
Levy, and Fredrickson [15].

Plasma Se levels were determined in plasma samples
collected in NH Trace Element tubes with sodium heparin
(VACUETTE®; Vacuette do Brasil LTDA, Americana, SP,
Brazil) and stored at —20°C until analysis. Analysis was
performed in an inductively coupled plasma mass spectrom-
eter (Nexlon™ 300X; PerkinElmer, Waltham, MA, USA)
according to a method adapted from [20]. The plasma
samples (0.5 g) were combined with 0.5 mL nitric acid and
diluted with water to a final volume of 5.0 mL. For this
experiment, the most abundant *’Se isotope was monitored,
due to the low Se concentrations found in the plasma
samples, and analysis was performed in DRC mode with
0.75 mL/min of methane to circumvent the interferences.
The plasma Se level was used as a marker of adherence to the
consumption of the supplement. Plasma Se was considered
to be low when the plasma level was <90 ug/L [32].

The evaluation of total plasma NOx (NO, + NOs)
concentrations was performed by a colorimetric assay
(Cayman Inc., Ann Arbor, MI, USA) with a sensitivity of
2.5 uM and a 2.7% intra-assay coefficient of variation.

Assessment of Microvascular Endothelial Function

Skin microvascular flow and reactivity. Microcirculatory
tests were performed after a 20-minute period of rest in the
supine position in a temperature-controlled room
(23 £ 1°C) approximately one hour after a light breakfast.
Microvascular endothelial function was assessed at the

beginning and end of each study phase using a LSCI system
(PeriCam PSI system, Perimed, Jarfalla, Sweden) coupled to
physiological and pharmacological reactivity tests, including
iontophoresis of ACh (dissolved in deionized water) and
PORH, as previously described [8]. ACh (2% w/v; Sigma
Chemical Co., St. Louis, MO, USA) iontophoresis was
performed using a micropharmacology system (PF 751
Perilont USB Power Supply; Perimed) with increasing
anodal currents of 30, 60, 90, 120, 150, and 180 uA for 10-
seconds intervals spaced one minute apart (Figure 1); after
the last current, microvascular blood flow was recorded
during 120 seconds, resulting in a total recording time of
540 seconds for the whole ACh curve. The dispersive
electrode was attached approximately 15 cm away from the
electrophoresis chamber. The image acquisition rate was
eight images/sec, and the distance between the laser head and
the skin surface was fixed at 20 cm, as recommended by the
manufacturer’s manual. Measurement skin areas (circular
regions of interest) of approximately 80 mm? were used, and
the mean skin microvascular blood flow was calculated at the
peak of each dose of ACh. The AUC of ACh iontophoresis
was normalized for the baseline blood flow of each patient.
The amplitudes of the PORH responses were expressed as the
peak CVC values minus the baseline CVC values. Skin
conductance, as measured by the iontophoresis system
Perilont, did not vary significantly among patients. We have
previously reported that iontophoresis charges up to 1.5 mC,
which were used in this study, do not induce nonspecific
effects on skin microvascular flow [8,50].

A vacuum cushion (AB Germa, Kristianstad, Sweden) was
used to reduce recording artifacts generated by arm move-
ments. During the PORH test, arterial occlusion was
performed with supra-systolic pressure (50 mmHg above
systolic arterial pressure) using a sphygmomanometer for
three minutes. Following the release of pressure, maximum
flux was measured. Images were analyzed using the manu-
facturer’s software (PIMSoft; Perimed), and continuous
measurements of cutaneous microvascular perfusion changes
were expressed in APUs. Measurements of skin blood flow
were divided by the MAP to give the CVC in APU/mmHg.
The amplitudes of the PORH responses were expressed as the
peak CVC minus the baseline CVC.

Skin capillaroscopy by intra-vital microscopy. Capillary
density, which was defined as the total visible number of
capillaries per mm? of skin area, was assessed on the dorsum
of the non-dominant middle phalanx by high-resolution
intra-vital color microscopy (Moritex, Cambridge, UK). We
used a video microscopy system with an epi-illuminated fiber
optic microscope containing a 100-W mercury vapor lamp
light source and an M200 objective with a final magnification
of 200x. The patient was seated comfortably in a constant
temperature environment (23 £ 1°C), and the arm was

| 690 WMicrocirculation, 22: 687-699, 2015

© 2015 John Wiley & Sons Ltd



Skin microvascular blood flow
(arbitrary perfusion units)

Skin microvascular blood flow
(arbitrary perfusion units)

BASELINE

ke A AR AM N\
. e LAt AW A M A A A AlaAM A

00:01:30

00:07:30

Nuts and Microvascular Endothelial Function |

ACh 30 A ACh 60 pA ACH 90 A ACh 120 pA ACh 160 wA ACh 180 pA ACh2 min

AN

ur
.,M‘\,[«,,-va v.l--\».:\-’\"“"»-f’w‘“‘r‘l”"‘f“"j

00:03:00 00:04:30 00:06:00 00:07:30 00:09:00 00:10:30

BASELINE| Occlusion PORH PORH 2 min

00:09:00 00:10:30 00:12:00 00:13:30 00:15:00 00:16:30 00:18:00

C

0.8+
Figure 1. Typical recordings of skin microvas- <& PLA-Baseline
cular blood flow by LSCI during iontophoresis - PLA-12 week
of ACh (red line) using increasing anodal o 064 - GBNs - Baseline
currents of 30, 60, 90, 120, 150, and 180 uA (&) E = = £ GBNs - 12 week
during 10-seconds intervals spaced one minute + £ 044 =
apart (A) and during PORH (B). The blue line g E - ==
represents microvascular flow in a non-stimu- o< 0.2 =
lated region of the skin. (C) Mean effects of
forearm skin iontophoresis of ACh on CVC
(expressed in APUs, divided by MAP in mmHg) 0.0 T T T T T T T

0 30 60 90 120 150 180

before (Baseline) and after 12 weeks of sup-
plementation with placebo (PLA) or GBNs.

positioned at the level of the heart and immobilized using a
vacuum cushion (a specially constructed pillow filled with
polyurethane foam that can be molded to any desired shape
by creating a vacuum; AB Germa). We evaluated the
variability in skin video capillaroscopy in a previous study
[46]. The reproducibility of this methodology was assessed
by examining an identical area of the finger skin; intra-
observer repeatability of data analysis was assessed by reading
the same images in a blinded manner on two separate
occasions (n = 20; coefficient of variability, 4.3%). To assess
inter-observer repeatability, a second observer independently
assessed the capillary density in the same images (n = 15;
coefficient of variability, 3.3%).

Acquired images were saved for posterior off-line analysis
with a semi-automatic integrated system (Microvision
Instruments, Evry, France). The mean capillary density was

lontophoresis Current (uA)

calculated as the arithmetic mean of the number of visible
capillaries in three contiguous microscopic fields of 1 mm?
each. A blood pressure cuff was then applied to the patient’s
arm and inflated to supra-systolic pressure (50 mm Hg
above systolic arterial pressure) to completely interrupt
blood flow for three minutes. After cuff release, images were
again acquired and recorded during the following 60—
90 seconds, during which the maximal hyperemic response
was expected to occur [18].

Statistical Analysis

Statistical analyses of the results obtained from the patients
who concluded the study were conducted with IBM® SPSS®
Statistics software version 21 (Armonk, New York, USA). The
results are presented as the mean 4+ SD or median (25th—75th
percentiles). The normality of the variables was investigated
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!
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Lost to follow-up at 12 week
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reasons (n = 03), living far
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|
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Lost to follow-up at 12 week

due to personal reasons <

(n=01), inpatient status and
bed rest (n = 02).

!

Brazil nut diet (n = 52)

Lost to follow-up at 12 week
due to personal reasons
(n=05) and cancer diagnosis
(n=01).

A 4

Trial completion (7 =91)

Figure 2. Flowchart of the patients during each study phase.

using the Kolmogorov—Smirnov test. To assess differences in
categorical variables between the patients that completed the
study protocol and follow-up losses, the chi-square test was
used. To assess the effects within each intervention (GBNs and
placebo) on the anthropometric, clinical, and laboratory
measurements, a paired two-tailed Student’s t-test or the
Wilcoxon signed ranks test were used, whereas the effects
between interventions were assessed by the Mann—Whitney U
or Student’s #-tests according to the distribution of variables.
A p < 0.05 was considered significant.

RESULTS

Of the initial 125 patients, 91 completed all stages of the
study, resulting in a loss of 27.2% of the patients. Figure 2

shows the flow and losses throughout the study. The dropout
rate during follow-up was higher during supplementation
with partially defatted GBNs, but there was no report of
withdrawal due to the taste of the supplement. The mean age
of the patients who completed the study (62.1 £ 9.3 years)
was significantly higher than that of the patients who did not
complete the study (56.9 £ 10.5 years, p = 0.008).

Table 2 shows the characteristics of the patients who
completed the study. The medications most commonly used
by the study participants were statins (81.3%), fibrates
(33%), oral hypoglycemic agents (48.4%), sympatholytics
(72.5%), ACE inhibitors (53.8%), diuretics (49.5%), calcium
channel blockers (40.7%), AT1 receptor blockers (36.3%),
vasodilators (12.1%), and ASA (65.9%). There were no
changes in the patients’ medication during the study.
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Table 2. Clinical and laboratory variables of the subjects who
completed the study (n = 91)

Age (years) 62.1 £9.3
Male, n (%) 47 (51.6)
Diabetic, n (%) 42 (46.2)
Overweight/Obese, n (%) 61 (67.0)
Stroke, n (%) 6 (6.6)
AMI, n (%) 39 (42.9)
PCl, n (%) 22 (24.2)
CABG, n (%) 29 (31.9)
Angina, n (%) 36 (39.6)
Duration of diabetes (years) 106 £ 11.2
Duration of hypertension (years) 11.8 +£9.7
Duration of dyslipidemia (years) 10.1 £ 9.7
Smoker, n (%) 23 (25.3)
Alcohol use, n (%) 32 (37.2)
Sedentary, n (%) 68 (74.7)
BMI (kg/m?) 288 + 5.1
WC (cm) 100.1 + 12.3
SBP (mmHg) 146.5 + 28.7
DBP (mmHg) 81.8 + 13.7

109.0 (90.0-137.0)
153.0 (119.0-226.0)

Glucose (mg/dL)
Triglycerides (mg/dL)

Total cholesterol (mg/dL) 204.4 +£ 61.7
HDL-cholesterol (mg/dL) 39.7 + 12.3
LDL-cholesterol (mg/dL) 125.8 + 54.8

The results are expressed as the mean + SD or median (interquartile
intervals).
PCl, percutaneous coronary intervention.

Although all of the patients received drug treatment for
dyslipidemia and hypertension, 60.4% had high blood
pressure (systolic >140 mmHg or diastolic >90 mmHg).
Regarding the levels of serum lipids, 94.5% of patients
showed abnormalities in their lipid profile early in the study,
including 52.7% with high triglycerides (=150 mg/dL),
60.4% with high LDL-c (>100 mg/dL), and 33.3% with high
triglycerides and high LDL-c.

Evaluation of Plasma Levels of Se

The basal Se plasma concentration in the study group was
87.0 £ 16.8 pg/L, and 57.1% of those in the study group
(n = 52) had low plasma Se (<90 pug/L). The consumption of
GBNs led to a significant increase in plasma Se levels (first
step  195.8 £ 67.4 ug/L, p <0.001 and second step
168.0 & 67.4 pg/L, p < 0.001).

Evaluation of Skin Microvascular Density and
Capillary Recruitment

The baseline capillary density value of 94 (84-109) capillar-
ies/mm? before placebo intake was not significantly different
from the baseline value of 97 (82-111) capillaries/mm2
before GBN supplementation (p = 0.7194, Figure 3). The
same was true for the baseline value after 12 weeks of placebo
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Figure 3. Box plots representing skin capillary densities at baseline and
during PORH before (open boxes) and after 12 weeks (hatched boxes) of
supplementation with placebo or GBNs. The values in the boxes represent
the median and interquartile intervals, the whiskers represent the 5th and
95th percentiles, and the outliers are plotted as individual values.
*p < 0.05 and ***p < 0.001 vs. baseline values; paired two-tailed
Student’s t-test. #p < 0.01 and ***p < 0.001 vs. values before treatment;
paired two-tailed Student’s t-test.

intake, which was 101 (87-113) capillaries/mmz, and that
after GBN intake, which was 98 (86-113) capillaries/mm2
(p = 0.4708). The baseline capillary density increased after
intake of the placebo, rising from 94 (84-109) capillaries/
mm? before intake to 101 (87-113) capillaries/mm2 after
intake (p = 0.0031); additionally, this value showed an
increasing trend after GBN consumption, rising from 97
(82-111) capillaries/mm2 before intake to 98 (86-113)
capillaries/mm? after consumption (p = 0.0568).

PORH consistently induced significant increases in capil-
lary density not only before but also after the intake of
placebo or GBNs, indicating that endothelium-dependent
capillary recruitment in the study subjects was preserved
(Figure 3). The capillary density value during PORH of 95
(87-112) capillariessmm* before placebo supplementation
was not significantly different from the value before GBN
intake, which was 99 (84-115) capillaries/mm2 (p = 0.5086,
Figure 3). The same was true for the capillary density during
PORH after 12 weeks of placebo intake, which was 104 (91—
117) capillaries/mm?, and that after GBN intake, which was
103 (92-117) capillaries/mm? (p = 0.6421). The capillary
density during PORH increased after placebo intake from 95
(87-112) capillaries/mm? before to 104 (92-118) capillaries/
mm? after intake (p = 0.006) but did not change after the
consumption of GBNs—from 99 (84-115) capillaries/mm”
before to 103 (92-117) capillaries/mm2 after consumption
(p = 0.1288).

Evaluation of Skin Microvascular Reactivity

The values of MAP used in the calculation of CVC are
depicted in Table 3. There were no significant differences in
microvascular parameters at baseline and post intervention
according to obesity status and the presence of diabetes (data
not shown). We did not observe any effect of the intake of
GBNs on microvascular endothelial function as evaluated by

© 2015 John Wiley & Sons Ltd
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Table 3. Anthropometric, blood pressure, and laboratory measures before and after supplementation in hypertensive and dyslipidemic patients

Diet + placebo Diet + GBNs

Baseline 12 weeks Baseline 12 weeks
Weight (kg) 749 + 14.7 749 + 15.2 75.4 + 15.1 75.4 + 15.5
BMI (kg/m?) 283 £49 28.3 £ 5.1 28.4 £ 5.1 284 £53
WC (cm) 98.1 + 14.6 99.0 + 11.9 99.5 + 13.5 99.3 + 12.5
SBP (mmHg) 1443 + 28.8 142.8 4+ 27.5 143.1 &+ 27.7 143.3 + 25.9
DBP (mmHg) 79.7 £ 13.9 786 + 12.3 78.1 £ 12.5 78.4 + 12.0
MAP (mmHg) 101 &£ 16 100 £ 15 99 + 15 101 £ 16
Fasting glucose (mg/dL) 109.0 (92.0-139.0) 105.0 (93.5-142.5) 105.0 (92.5-130.0) 108.0 (94.0-142.0)
Total cholesterol (mg/dL) 199.2 + 60.7 201.21 £ 63.8 204.0 & 63.2 199.5 & 66.1
HDL-cholesterol (mg/dL) 389 + 13.3* 41.2 + 12.8* 38.7 + 11.9° 40.8 + 14.7°
LDL-cholesterol (mg/dL) 110.0 (87.5-144.5) 111.0 (83.0-147.0) 114.0 (87.0-143.0) 109.0 (87.0-144.0)
Triglycerides (mg/dL) 153.0 (112.0-230.0) 166.0 (102.0-226.0) 159.0 (122.0-236.0) 165.0 (116.0-263.0)

Mean + SD, median (25th—75th percentiles). Paired two-tailed Student’s t-test or Wilcoxon test.

* tp < 0.05.
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Figure 4. Box plots representing different parameters of microvascular reactivity before (open boxes) and after 12 weeks (hatched boxes) of
supplementation with placebo or GBNs. The values in the boxes represent the median and interquartile intervals, the whiskers represent the 5th and 95th
percentiles, and the outliers are plotted as individual values. *p < 0.05 vs. baseline values; paired two-tailed Student’s t-test.

pharmacological stimulation with ACh (Figures 1 and 4). ACh were 0.25 (0.16-0.35) and 0.24 (0.15-0.35) APUs/
The peak increases in CVC and the AUC of ACh-induced mmHg after placebo or GBN intake, respectively (Figure 4).
vasodilation did not change significantly after placebo or  The increases in the AUC resulting from iontophoresis of
GBN intake compared with the basal values (Figure 4). The ACh were of 4671 (2931-6791) and 4344 (2221-6764) APUs/
maximum increases in CVC resulting from iontophoresis of s after placebo or GBN intake, respectively (Figure 4). On the
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Figure 5. Box plots representing total plasma concentrations of NOx
before (open boxes) and after 12 weeks (hatched boxes) of supplemen-
tation with placebo or GBNs. The values in the boxes represent the
median and interquartile intervals, the whiskers represent 5th and 95th
percentiles, and the outliers are plotted as individual values. *p < 0.05 vs.
baseline values; paired two-tailed Student’s t-test.

other hand, the peak values of CVC during PORH did not
change after placebo intake and were slightly but significantly
reduced after GBN intake compared with the basal values
(p = 0.0282; Figure 4). The maximum increases in CVC
during PORH were 0.68 (0.52-0.83) and 0.68 (0.55-0.82)
APUs/mmHg after placebo or GBN intake, respectively
(Figure 4). The increases in CVC from the baseline values
during PORH did not significantly change after placebo or
after GBN intake compared with the basal values (Figure 4).
The maximum increases in CVC during PORH were 0.38
(0.23-0.48) and 0.37 (0.26-0.46) APUs/mmHg after placebo
or GBN intake, respectively (Figure 4).

Evaluation of Plasma Levels of NOx

Figure 5 shows the significant increase (26%) in total plasma
NOx after the intake of GBNs. The plasma levels of NOx did
not differ before—40.25 uM (27.32-59.43), versus after—
47.85 uM (32.27-62.29, p = 0.2357), intake of the placebo;
however, the intake of GBNs induced an increase in plasma
levels of NOx from 37.57 uM (28.28-57.48) to 47.44 uM
(32.38-71.87, p = 0.0180).

DISCUSSION

The main findings of this study are as follows: (i) dietary
supplementation with GBNs for 12 weeks resulted in signif-
icant increases in plasma Se concentrations, (ii) the systemic
bioavailability of nitric oxide was also increased after
supplementation with GBNs, and (iii) GBN supplementation
did not lead to any improvement in systemic microvascular
reactivity or density in the patients with severe arterial
hypertension and dyslipidemia who were receiving multiple
drug therapies.

To date, no study in the literature has evaluated the effects
of Brazil nut consumption on microvascular reactivity and
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density in hypertensive or dyslipidemic patients. Several
studies have demonstrated the beneficial effects of the regular
consumption of nuts in reducing the risks of cardiac events
and death from CHD [38], serum lipid levels [39], and blood
pressure [26]. For these reasons, nuts are considered to be a
component of a cardioprotective diet [29]. The study of skin
microcirculation is a non-invasive, affordable, and represen-
tative method for evaluating the vascular system for
microvascular endothelial dysfunction, including endothe-
lium-dependent vasodilation [8,24,36]. In this context, LSCI
has demonstrated good spatial and temporal resolution and
reproducibility [24,37]. Moreover, LSCI has been proven to
be an effective technique for the evaluation of systemic
microvascular reactivity in patients with cardiovascular and
metabolic diseases [8].

Brazil nuts contain a high amount of r-arginine (2.15 g/
100 g), which is a precursor of nitric oxide (a potent
vasodilator) [31], and may have contributed to the signif-
icant increase in total plasma NOx levels. Other studies have
shown that supplementation with r-arginine improves
endothelial dysfunction associated with hypercholesterolemia
[19] and hypertension [42], but these studies have used
much higher amounts of r-arginine than those found in
Brazil nuts.

Other clinical trials have tested the effects of the
consumption of nuts on endothelium-dependent vasodila-
tion and have shown a significant improvement after
consumption of a diet enriched in nuts [9,23,34] and
pistachios [40] in hypercholesterolemic, diabetic, and healthy
subjects. In the abovementioned studies, the treatment
period lasted for four weeks, and the doses ranged from 40
to 65 g/day for nuts and 60-100 g/day for pistachios.
Individuals being treated were compared with those con-
suming a regular diet, the Mediterranean diet or a diet rich in
olive oil.

The amount of GBNs used in this study was lower than the
amounts used in other studies evaluating these nuts; thus,
bioactive compounds other than Se were likely present in the
GBNs in small amounts in the other studies and may have
had some effects on endothelial function. The supplemen-
tation dose in this study was defined based on the Se content
of GBNs and did not exceed the maximum daily tolerance
limit (UL = 400 ug/day) [1].

Moreover, similar to this study, three other studies found
no significant improvements in endothelial function in
subjects with hypercholesterolemia or metabolic syndrome
or in healthy men after the consumption of different types of
nuts, and the consumption of nuts has been shown to reduce
the vascular response during the postprandial period
[5,22,27]. These studies evaluated endothelial function by
assessing macrocirculation using different methods. This
study investigated another aspect of endothelial function by
assessing microvascular reactivity and showed similar out-
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comes. In our study, we observed a slight reduction in peak
CVC during PORH after intervention with GBNs. Never-
theless, all other microvascular parameters, including ACh-
induced vasodilation and increase in CVC induced by PORH
did not change. Thus, we cannot conclude with certainty that
the dietary supplementation with GBNs altered endothe-
lium-dependent microvascular reactivity.

The placebo used in this study, but not the GBNs,
contained cassava flour, which could have induced cardio-
vascular effects. In fact, the consumption of natural starchy
carbohydrates taken with their full complement of fiber has
been shown to have protective effects against hyperlipidemia
and ischemic heart disease [47,48]. Consequently, it cannot
be excluded that supplementation with cassava flour could
have resulted in favorable microvascular effects.

Lipid-lowering drugs may have beneficial effects on
endothelial function by reducing serum lipids. An increase
of 6.86% in peripheral circulatory flow-mediated vasodila-
tion associated with a significant reduction in LDL-choles-
terol has been observed after treatment with simvastatin for
eight weeks [21]. Capillary rarefaction and microvascular
endothelial dysfunction in low-risk hypertensive subjects
respond favorably to six months of anti-hypertensive drug
treatment [18]. The population of this study, despite
receiving pharmacological treatment for hypertension,
hypercholesterolemia, and hypertriglyceridemia, largely pre-
sented with altered arterial pressure values (60.4% of
individuals) and altered serum lipid levels (94.5%), which
may have influenced their endothelial function. Furthermore,
the duration of disease in these patients may also have
contributed to the lack of change in the microvascular
response after dietary intervention. Although supplementa-
tion with GBNs did not improve endothelial microvascular
function or density, our study showed that capillary recruit-
ment was preserved in patients under multiple drug cardio-
vascular therapies, most of which act to improve endothelial
function. In fact, independent of the placebo or GBN
treatment, PORH consistently induced significant increases
in capillary density. Patients receiving placebo supplementa-
tion together with dietary intervention showed significant
increases in functional capillary density and capillary recruit-
ment at the end of the 12 weeks of supplementation.

The nutritional status of Se in this study population was
low, as demonstrated by the finding that 57.1% of the
subjects had a low plasma Se level (<90 pug/L). Individuals
with a low plasma Se level may benefit from the consumption
of GBNs. However, although these individuals increased
their plasma Se levels by 88% after GBN supplementation,
the endothelial microvascular response did not change
significantly. The effect of Se on microvascular function
was previously investigated in healthy men who received
300 ug Se/day for 48 weeks. No improvement was observed
in endothelial function or the peripheral arterial response in

the study group, and these subjects received adequate Se in
their habitual diets [17]. Only one clinical study investigated
microvascular function by nailfold capillaroscopy after
consumption of Brazil nuts (15-25 g/day) in obese adoles-
cents, observing a significant increase (13.9%) in average
capillary blood flow and a 9.5% increase in maximum
capillary blood flow in response to PORH after 16 weeks of
supplementation [25], but these patients did not have any
obesity-associated disease. In contrast to this study, these
authors did not observe any change in baseline capillary
density after consumption of Brazil nuts. In the abovemen-
tioned work performed by Professor Bouskela’s team, the
methodological approach was rather different from the one
used in this study. In fact, these authors evaluated capillary
density and reactivity in the terminal microvascular bed of
the nailfold using video capillaroscopy. This technology is
classically used in the context of rheumatologic diseases to
study capillary morphological alterations. In contrast, in our
study, we used video capillaroscopy to evaluate capillary
density in the skin of the forearm, which is thought to
represent systemic capillary density [10]. Consequently, the
pathophysiological alterations of the microcirculation in the
context of cardiometabolic diseases in these different vascular
beds could be rather dissimilar.

Limitations and Strengths of Study

This study has limitations that may have influenced the
findings. Such limitations include the fact that part of the
cohort of participants did not complete the study. Never-
theless, the losses in our study were not large, and there were
no differences in baseline values between patients who
completed or did not complete the study protocol, thus
excluding inclusion bias. It is noteworthy that the original
sample size calculation of the study was based on increases of
13% in skin microvascular blood flow induced by PORH;
considering the drop out of 21 patients during the execution
of the study, it appears that only larger differences should be
expected to have statistical significance. Anyhow, in this
study the dietary intervention with Brazil nuts did not have
any influence on endothelial-dependent microvascular reac-
tivity of the patients. In addition, in a previous method-
ological study of our research group, we observed that there
was a difference of ~28% on the microvascular response to
PORH between hypertensive patients and healthy controls
[8]. Moreover, we compared the microvascular parameters at
baseline and post intervention, according to obesity status
and the presence of diabetes, but there were no statistically
significant differences. An additional limitation was the short
intervention period and heterogeneity of the participants.
Despite the use of multiple drug treatments, the majority of
patients still had high blood pressure (60.4%) and high
plasma lipid levels (94.5%) with several co-morbidities,
including history of AMI (42.9%) and stroke (6.6%), which
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could have influenced their microvascular endothelial func-
tion, along with the extended durations of the evolution of
arterial hypertension, dyslipidemia, and diabetes in these
individuals (more than 10 years). The different pharmaco-
logical treatments used by the patients could have influenced
the results of microcirculatory evaluation in our study.
Nevertheless, we only initiated the dietary intervention three
months after the beginning of medication, and there were no
changes in the medication during the study. Moreover, the
randomized placebo-controlled and crossover design allows
for a patient to serve as his own control. Finally, it is not
possible to withdraw treatment from hypertensive and
dyslipidemic patients for medical and ethical reasons.

CONCLUSIONS

In conclusion, nutritional counseling along with the con-
sumption of GBNs at a dose of 13 g/day led to a significant
improvement in nitric oxide bioavailability, as measured by
increased total plasma NOx levels. However, supplementa-
tion with GBNs did not improve endothelial microvascular
reactivity in hypertensive and dyslipidemic patients under-
going pharmacological treatments with multiple drugs.

PERSPECTIVE

The present study showed that dietary supplementation with
Brazil nuts during three months did not lead to any
improvement in systemic microvascular reactivity or density
in patients with arterial hypertension and dyslipidemia who
were undergoing multiple drug therapies. Considering that

Nuts and Microvascular Endothelial Function |

the supplementation significantly increases systemic nitric
oxide bioavailability, it could be beneficial in the prevention
of cardiovascular and metabolic diseases.
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