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Abstract

Vitamin A and zinc are powerful antioxidants with
synergy between them, thus protecting the organism
against oxidative stress during the pre and postoperative
periods. Our aim was to investigate the evolution clinical
in patients undergoing coronary artery bypass grafting
while receiving vitamin A supplements according to their
zinc nutritional status. They were randomly divided into
two groups (2:1): Control group (G1 = 60); and Supple-
mented group (G2 = 30) and subdivided according to the
nutritional status of zinc. Serum concentrations of
retinol, f-carotene, zinc and levels of malondialdehyde
were measured prior to (T0) and on the 21+ day (T1)
following surgery. After surgery, was found a significant
difference between G1 and G2 when comparing retinol
(G1=38.7 +£17.1 pg/dL and G2 = 62.1 + 20.3 pg/dL; p <
0.001) and B-carotene (G1 = 12.3 + 5.7 pg/dL and G2 =
53.5£20.9 pg/dL; p < 0.001) in the patients with adequate
concentrations of zinc. Analyzing the evolution clinical,
operative mortality was 8.33% in G1 and 3.33% in G2.
Hospitalization time significantly smaller in the G2 was
found in the patients who had adequate concentrations of
zinc (p = 0.001), as well as time in the intensive care unit
both in those with adequate and inadequate levels of zinc
(p = 0.047; p = 0.039). Such results may indicate that
vitamin A supplementation may have a positive impact in
combating the oxidative stress to which these patients are
exposed above all in patients with adequate levels of zinc.
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EFECTODE LA SUPLEMENTAC}ON CON
VITAMINA A SOBRE LA EVOLUCION CLINICA
EN PACIENTES SOMETIDOS A CIRUGIA
DE REVASCULARIZACION MIOCARDICA,
DE ACUERDO CON LOS NIVELES SERICOS
DE ZINC

Resumen

La vitamina A y zinc son antioxidantes de gran alcance
con la sinergia entre ellos, lo que protege el organismo
contra el estrés oxidativo durante los periodos pre y pos-
toperatorio. Nuestro objetivo fue investigar la evolucion
clinica en pacientes sometidos a cirugia miocardica,
mientras que recibir suplementos de vitamina A en fun-
cién de su estado nutricional de zinc. Ellos fueron dividi-
dos aleatoriamente en dos grupos (2:1): grupo control
(G1=60) y el grupo suplementado (G2 = 30) y se subdivi-
den de acuerdo con el estado nutricional de zinc. Las con-
centraciones séricas de retinol, f-caroteno, el zinc y los
niveles de malondialdehido se midieron antes (T0) y el dia
21 (T1) después de la cirugia. Después de la cirugia, se
encontré una diferencia significativa entre G1 y G2, al
comparar el retinol (G1=38,7+17,1mg/dly G2=62,1 +
20,3 mg/dl, p <0,001) y el B-caroteno (G1 = 12,3 + 5,7 g/dl
y G2 = 53,5 + 20,9 mg/dl, p <0,001) en los pacientes con
concentraciones adecuadas de zinc. El analisis de la evo-
lucién clinica, la mortalidad operatoria fue del 8,33% en
el G1y el 3,33% en el G2. El tiempo de hospitalizacion sig-
nificativamente menor en el G2 se encontro en los pacien-
tes que tenian concentraciones adecuadas de zinc (p =
0,001), asi como el tiempo en la unidad de cuidados inten-
sivos, tanto en aquellos con niveles adecuados e inadecua-
dos de zinc (p = 0,047, p = 0,039). Estos resultados podrian
indicar que suplementos de vitamina A puede tener un
impacto positivo en la lucha contra el estrés oxidativo al
que estos pacientes estan expuestos, sobre todo en pacien-
tes con niveles adecuados de zinc.
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Introduction

Cardiovascular diseases (CVD) are regarded as a
major global health issue,' being the world’s leading
cause of death.? The World Health Organization
(2012)? estimates that 17.1 million people die of CVD
per year and, if appropriate measures are not taken, the
number of deaths stemming from such illnesses will
rise to around 23.6 million per year by 2030.

Coronary artery bypass grafting (CABG) is standard
treatment for ischaemic heart disease in a number of
subgroups . It is a major surgical procedure known to
have a high rate of morbidity and operative mortality,
and it is much more costly than therapeutic medica-
tion.*

The rise in oxidative stress in patients who undergo
heart surgery is well documented,’ as are the undesir-
able consequences such operations provoke’— with a
drop in immunological response’ and the onset of post-
operative complications.®

One of the most used indicators for the assessment of
oxidative stress is the malondialdehyde (MDA), which
is a product of lipid peroxidation, in which is estimated
by measurement of thiobarbituric acid reactive
substances (TBARS nmol/L), the method most used in
studies of lipid peroxidation due to be simple and sensi-
tive.®

Vitamin A and zinc are not just potent antioxidants
that work in synergy,’ they are also closely linked to the
immunological system,® protecting the organism
against oxidative stress and the postoperative compli-
cations associated with heart surgery.

In recent years conflicting findings have surfaced in
studies associating vitamin A with a reduction in oxida-
tive stress and cardiovascular diseases"!! however, these
studies did not investigate the relationship between this
vitamin and zinc nutritional status. Hence, we investi-
gated the clinical evolution in patients undergoing
CABG receiving vitamin A supplementation according
to zinc nutritional status.

Patients and methods

The participants in this study were adult patients
undergoing CABG at a public hospital in the city of Rio
de Janeiro between July 2008 and December 2009.
This research was approved by the research ethics
committee of the National Cardiology Institute of
Laranjeiras.

Were used as inclusion criteria patients hospital-
ized to elective surgery of CABG, age = 20 years'? and
that they gave their formal authorization to take part
in the study by signing the Consent Form (Free and
Clear). We excluded patients who were suffering
from malabsorption syndromes, acute and chronic
infections, kidney diseases, alcoholism, acquired
immune deficiency syndrome (AIDS), took medica-
tion or vitamin supplements containing vitamin A or

zinc over the last six months, and who had previously
undergone CABG.

This study was composed of 90 patients distributed,
through randomized table 2:1, into two groups: Control
group (G1 = 60), made up of patients given a standard
hospital diet; and supplemented group (G2 = 30), made
up of patients who were given vitamin A supplementa-
tion of 5,000 IU, daily for 21 days, in the form of retinol
palmitate. These groups were subdivided in those with
adequate zinc concentrations and inadequate.

Supplementation in the form of a single pill began
immediately after a blood sample was taken before
surgery (TO). The patients from both groups were
accompanied for 21 days, the second blood sample was
taken, 21 days post surgery (T1).

The method for determining serum retinol and -
carotene levels was high performance liquid chro-
matography (HPLC)."* We adopted the cut points < 30
pg/dl for inadequate serum retinol levels and < 40
ug/dL for inadequate serum 3-carotene levels.'*

Zinc was measured using atomic absorption spec-
trometry, with values < 0.7 mg/L deemed to be inade-
quate.'®

The levels of MDA were evaluated through Spec-
trophotometry'. In addition, it was analyzed through
the HPLC-UV method also.!

In considering the intraoperative period, we evalu-
ated duration of surgery, duration of extracorporeal
circulation (T CEC), clamp duration (T clamp), and the
number of grafts of each patient. We took note of: time
hospitalized, in the intensive care unit (ICU), and on
breathing support (BS) through visits and by checking
the patients’ medical records. All deaths to occurring
during the length of hospital stay or the 1* month post
surgery were counted as operative mortality.

In analyzing the data, quantitative variables were
expressed as mean and standard deviation and qualita-
tive variables as percentages. The Kolmogorov-
Smirnov test was used to test the normality of the
continuous variables. For variables with normal distri-
bution was used the t-Student test and for variables
with non-normal distribution, the Mann-Whitney test
was used to compare two groups. Was employed the
Chi-square test, for assessing the association between
categorical variables, as well as Spearman’s correla-
tion coefficient. The level of significance adopted was
5% (p < 0.05). The analyses were performed on the
SPSS program version 15.0.

Results

The sample group was comprised of 90 patients.
Following a randomization procedure (2:1), Gl
(control) was comprised of 60 patients, while G2
(supplemented), 30 patients.

Average age was 65.06 +9.81 in G1 and 63.06 £9.3
in G2. It wasn’t observed any significant difference
between the groups according to the intra-operative
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Fig. 1.—Serum retinol concentrations pre and post CABG in pa-
tients with adequate levels of zinc.

profile: duration of surgery (p = 0.93), extracorporeal
circulation (p = 0.41), clamp time (p = 0.29), and
number of grafts (p=0.91).

When assessing the Vitamin A serum level (retinol
and -carotene), there was no significant difference
between the groups at TO among the individuals who
presented adequate zinc concentrations (G1 = 50.4 +
14.6 pg/dL and G2 = 65.3 = 15.7 ug/dL; p = 0.051) to
retinol and (G1 = 28.1 + 8.98 ug/dL and G2 =38.5 +
13.1 pg/dL; p = 0.051) to B-carotene, as well as inade-
quate (G1 =44.5 + 17.3 ug/dL and G2 =52.1 £ 17.7
pg/dL; p = 0.052) to retinol and (G1 =25 + 0,1 pg/dL
and G2 =31.6 £ 6.7 ug/dL; p = 0.06) to B-carotene,
respectively.

After surgery, was found a significant difference
between G1 and G2 when comparing retinol (G1 =
38.7 £ 17.1 pg/dL and G2 = 62.1 + 20.3 pg/dL; p <
0.001) and B-carotene (G1 =12.3 +£5.7 ug/dL and G2 =
53.5 £ 20.9 pg/dL; p < 0.001) in the patients with
adequate concentrations of zinc (figs. 1 and 2).

A strong and positive correlation was found between
concentrations of serum retinol and [-carotene
following supplementation, in patients with adequate
serum concentrations of zinc (r = 0.852 and p=0.014).

Fig. 2.—Serum [3-carotene concentrations pre and post CABG
in patients with adequate levels of zinc.

After surgery, MDA concentrations were signifi-
cantly higher at T1 in patients with inadequate serum
levels of zinc (G1 =3.5 2.8 nmol/L and G2 =2.6 +
1.6 nmol/L) compared to those with adequate concen-
trations (G1 =3.0 £ 1.5 nmol/L and G2 =1.6 + 1.1
nmol/L), in both groups, G1 and G2 (p <0.001 and p =
0.002), respectively (fig. III). At TO there was not
significance difference between this variables in G1 (p
=0.48) and G2 (p=0.053).

In analyzing evolution clinical, operative mortality
was found to be 8.33% in G1 and 3.33% in G2. We noted
a significant difference in time hospitalized between the
control and supplemented groups, in patients with
adequate levels of zinc (p = 0.001), and in time in ICU,
both in those with adequate and inadequate levels of zinc
(p = 0.047; p = 0.039). Now as for time on breathing
support, no significant difference was found between the
groups according to zinc nutritional status (table I).

Discussion

Intense study into the involvement of oxidative
stress in the etiology of cardiovascular diseases has

Effect of vitamin A supplementation
in coronary artery bypass grafting
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Table I
Mean values of evolution clinical factors according to serum zinc concentrations in G1 and G2 post CABG

Gl G2
Zinc concentrations Mean SD Mean SD p
o Adequate 254 17.3 13.4 9.4 0.001
%
T* hospitalized (days) Inadequate 30.8 50.1 13.7 10.0 0.205
Adequate 8.5 9.9 4.6 6.4 0.047
EES
TICU* (days) Inadequate 8.7 105 27 0.4 0.039
\ Adequate 2.7 52 2.1 3.4 0.631
skskck
TBS* (days) Inadequate 3.8 6.1 I 0 0.08
*Time.
**Intensive care unit.
***Breathing support.

been undertaken,'** however, the effect of the defi-
ciency of micronutrients with antioxidant properties,
like vitamin A and zinc, is so far not well established
for cardiac patients, especially those undergoing
surgical treatment.

CABG is one of the surgical procedures performed
most frequently around the world.?' This procedure
exposes patients to powerful oxidative stress® with a
subsequent rise in demand for antioxidants; not to
mention it having undesirable consequences for the
patient,® like weakened immune response,’” harmed
production and performance of T- and natural killer
cells,”? and the onset of postoperative complications.®

Morbimortality post myocardial revascularization
surgery is of great interest, having given rise to several
postoperative management protocols and risk models
with the aim of curtailing cardiovascular complica-
tions.* In our research operative mortality was found to
be 8.33% in the control group — a rate similar to that
reported for Brazil (7.2%). In the supplemented group
a death rate of 3.33% was found, which is quite a satis-
factory result given how close it is to the mortality rate
(2.9%) documented in developed nations.?**

The patients exhibiting adequate zinc levels who were
given vitamin A supplementation saw a significant drop
in concentrations of MDA compared to those deficient
in zinc, suggesting that adequate vitamin A and zinc
concentrations are indeed effective in combating oxida-
tive stress. This finding may indicate a relationship
between zinc and vitamin A nutritional status in the
patients from the study. There is research showing that
zinc deficiency can hinder retinol-binding protein (RBP)
synthesis, resulting in secondary vitamin A deficiency.*

By analyzing patients’ clinical progression according
to zinc nutritional status, we noticed a significantly
shorter time in hospital among those from the supple-
mented group with adequate zinc levels (p = 0.001),
with no significance found in the zinc-deficient
patients. This finding suggests that vitamin A supple-
mentation had no effect on zinc-deficient patients.
Furthermore, significantly greater concentrations of

vitamin A were found in the supplemented group,
mainly among those with adequate levels of zinc,
showing that the dosages proposed for keeping serum
vitamin A concentrations were sufficient above all in
the patients without hypozincemia. In a cross-sectional
study performed by Wahed et al. (2008)*” on children
suffering pneumonia, a significant difference in time
hospitalized (p < 0.01) was found between the control
group and the group supplemented with antioxidants,
among them vitamin A and zinc. Mda et al. (2010)*
described a significantly shorter hospital stay in HIV-
infected children who were given supplements
containing vitamin A and zinc compared to those given
placebo (p <0.05).

As for time in the ICU, there was a significant differ-
ence between the groups both in patients with adequate
zinc concentrations (p = 0.047) and inadequate zinc
concentrations (p = 0.039) — that is, vitamin A supple-
mentation was shown to have a positive effect regard-
less of zinc concentrations. These findings are similar
to those of Heyland et al. (2008),” who found no signif-
icant association between zinc supplementation and
the time patients in critical condition spent in the ICU
(p = 0.17). Within this context, Robbins & Fletcher
(1993)* found a significant reduction in length of stay
at a neonatal ICU in the group supplemented with
2,500 IU of vitamin A, however, the study did not take
into account the zinc nutritional status of these patients.

As for time on breathing support, no significant
difference was found between the groups according to
zinc concentrations. Though no significance was found
according to zinc nutritional status, we must stress that a
drop in zinc concentrations may lead to a drop in retinol
concentrations and consequently affect -carotene
concentrations, seeing as we found a positive and signif-
icant correlation between retinol and p-carotene,
suggesting that the more retinol available the less
p-carotene is converted into retinol, preserving its
important antioxidant function of battling free radicals
in the patients studied. These finding corroborate those
of Mecocci et al. (2000)*" who reported that vitamin A
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nutritional status lowers bioconversion of carotenoids
into retinol, revealing a relationship between retinol
and carotenoid nutritional status exists.

Vitamin’s A role in the regeneration of pulmonary
epithelium has been thoroughly emphasized> as has its
involvement in regulating the genes needed for
pulmonary growth and increasing surfactant produc-
tion in animal models.*. Supplementation of this
vitamin may have been beneficial because of how the
nutrient interferes with epithelial cell differentiation
and integrity, and a deficiency of it is associated with
the loss of ciliar cells and metaplasia in squamous cell
lung tissue** Robbins & Fletcher (1993)* found a lesser
tendency towards breathing support in the group supple-
mented with vitamin A. Chuwers et al. (1997)* suggests
[-carotene and retinol supplementation had a protective
effect on ventilatory function in 816 patients.

Vitamin A supplementation may have improved the
clinical progression of patients undergoing CABG
especially in patients with adequate levels of zinc.
Such findings are significant in that they bring us to
reflect on the little-explored interaction between
vitamin A and zinc in these patients, which may better
equip clinical practice to deal with the powerful oxida-
tive stress to which these patients are exposed.
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