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Abstract

Objective

Statins treatment may modify the levels of zinc and selenium, minerals that can improve
vascular function and reduce oxidative damage and inflammation in atherosclerotic pa-
tients. This study aimed to evaluate the effects of rosuvastatin, alone or associated with
zinc and selenium supplementation, on lipid profile, antioxidant enzymes and mineral status
in coronary artery disease patients.

Material and Methods

A double-blind randomized clinical trial was performed in which patients (n = 76) were treat-
ed with 10 mg rosuvastatin over 4 months associated or not with zinc (30 mg/d) and seleni-
um (150 ug/d) supplementation. The following parameters were analyzed before and after
the intervention: anthropometric measurements, lipid profile, high sensitivity C-reactive pro-
tein (hs-CRP), electronegative low density lipoprotein (LDL(-)) concentrations, activities of
glutathione peroxidase (GPx), superoxide dismutase (SOD), zinc and selenium concentra-
tions in blood plasma and erythocytes. Significance was determined using an a of 5% (two-
tailed).
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Results

We found that rosuvastatin therapy was efficient in reducing total cholesterol, LDL-choles-
terol, non-HDL cholesterol, triglycerides, and hs-CRP independently of mineral supplemen-
tation. Neither treatment was associated with significant changes in LDL(-). Similarly, the
antioxidant enzymes GPx and SOD activity were unchanged by treatments. Neither treat-
ment was associated with significant differences in concentrations of zinc or selenium in
blood plasma and erythocytes of studied groups.

Conclusion

Rosuvastatin treatment did not affect zinc and selenium levels in coronary artery disease
patients. The zinc and selenium supplementation at doses used in this study did not change
lipid profile or SOD and GPx activity in patients receiving rosuvastatin. Further studies
should be focused on testing alternative doses and supplements in different populations to
contribute for a consensus on the ideal choice of antioxidants to be used as possible com-
plementary therapies in atherosclerotic patients.

Trial Registration
ClinicalTrials.gov NCT01547377

Introduction

Zinc and selenium are important minerals for maintaining endothelial integrity as they inhibit
events related to oxidative stress and inflammation [1,2]. Zinc, which acts as an antioxidant
and stabilizes cell membranes, has a protective effect on the vascular endothelium. Moreover,
zinc plays a vital role on the activities of nuclear factor Kappa B (NF-«B), caspases, and nitric
oxide synthase, besides to reduce infection rates [3]. Selenium also interacts with NF-kB and
decreases the activity of this transcription factor during inflammatory response in endotheli-
um, thereby helping to prevent atherosclerosis [4].

Concentrations of trace elements may be reduced in patients with cardiovascular diseases
due to metabolism alterations and increased nutritional requirements. However, zinc and sele-
nium bioavailability alterations have been attributed to the use of statins [5,6,7,8]. These drugs
have antiatherosclerotic effects that positively correlate with the decrease of low density lipo-
protein cholesterol (LDL-c). In addition, they can exert beneficial pleiotropic effects, including
improvement of endothelial function, increased stability of atherosclerotic plaques, inhibition
of the thrombogenic response, and decrease of inflammation and oxidative stress [9].

Reports on compromised mineral status and the use of statins, particularly rosuvastatin, are
scarce. It was previously reported that the treatment of hypercholesterolemic patients with flu-
vastatin (80 mg/day for 8 weeks) decreased zinc plasma concentrations [5]. Likewise, decrease
of serum zinc and copper concentrations has been observed in dyslipidemic patients treated
with simvastatin or atorvastatin (10 mg/day for 4 months). Although a significant change of
zinc was observed only in the simvastatin group, neither group experienced changes in serum
selenium concentrations [10].

There are scarce data regarding the zinc and selenium status in patients with stable angina
undergoing treatment with rosuvastatin. Mainly, no information is available regarding whether
concomitant treatment with rosuvastatin and zinc/selenium supplements improves
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antioxidant capacity or alters the concentrations of these minerals in the organism. This is im-
portant, considering that supplements may provide benefits to specific subpopulations with re-
gards to meeting their nutritional needs according to science-based standards for example,
nutritional older adults who have inadequate dietary and those with medical conditions that
limit food choices [11]. It is often recommend that patients take non-toxic, supplementary
doses of zinc and selenium (either in combination or separately) in order to maintain adequate
levels of these minerals [12].

Thus, the current study was designed to compare the effects of rosuvastatin treatment alone
with a combination treatment of rosuvastatin and oral zinc and selenium supplementation, on
lipid profile, antioxidant enzymes and mineral status in coronary artery disease patients. The
results of this study can be used to direct supplementation strategies during clinical treatment
of coronary artery disease patients.

Materials and Methods

The protocol for this trial and supporting CONSORT checklist are available as supporting in-
formation; see S1 CONSORT Checklist and S1 Protocol.

Ethics Statement

The study was approved by the Research Ethics Committee of the Onofre Lopes University
Hospital and the Faculty of Pharmaceutical Sciences of the University of Sdo Paulo (CAAE
number 0009.0.294.018-06 — SISNEP), according to official documents in Brazil (National
Health Council 466/2012). All participants provided written informed consent. This study was
registered at http://www.clinicaltrials.gov as NCT01547377. We choose to register the study
after getting all the results. The authors confirm that all ongoing and related trials for this
drug/intervention are registered.

Study Population

In this double-blind randomized clinical trial we evaluated 152 volunteers of both sexes for
possible participation in the study. Out of the initial 152 eligible participants identified, 59 were
excluded because they did not meet the inclusion criteria (n = 28); refused to participate (n =
21) or they were already enrolled in another study (n = 10). Thus, 93 participants were ran-
domly allocated to receive either rosuvastatin + mineral supplementation (n = 46) or rosuvas-
tatin + placebo (n = 47) (Fig. 1).

All individuals had coronary artery disease and had been submitted to percutaneous coro-
nary angioplasty at the Onofre Lopes Universitary Hospital, Natal, Rio Grande do Norte,
Northeast Brazil. Patients were recruited between 01/31/2008 to 12/22/2008 and follow-up be-
tween 31/01/2008 to 04/20/2009. To be included in the study, patients needed to have stable
angina and meet one of the following criteria: 1) diagnosis of atherosclerosis via angiography
revealing >70% stenosis in the lumen in at least 1 segment of a major epicardial artery, or 2)
>50% left main coronary artery stenosis. Exclusion criteria included: serious cardiac complica-
tions and diseases in the postoperative phase, including thyroid, hematological, congenital, and
autoimmune abnormalities, liver disease, kidney failure, neoplasia, and osteoporosis; use of
antacids, antibiotics, and/or vitamin-mineral supplements; alcoholism and/or smoking.

Study Procedures

This study compared the effect of combined oral supplementation with zinc and selenium
(30 mg Zn/day + 150 ug Se/day) with the effect of a placebo (inactive pills containing starch
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Assessed for eligibility:

152 patients
EXCLUDED (n = 59)
Not fitting inclusion criteria (n=28)
Refused to participate (n=21)
A Already enrolled in another study
Randomized: (n=10)

93 patients

Allocated to intervention (n=46) Allocated to intervention (n=47)
v'Received allocated intervention v'Received allocated intervention
Rosuvastatin + Zn,Se (n = 46) Rosuvastatin + Placebo (n = 46)
v'Did not receive allocated intervention
(n=1)
Lost to follow up (n=8) | Lost to follow up (n=9)
v'Death (n=1) v'Death (n=3)
v'Surgical indication (n=1) v'Lack of interest to participate in the study
v'Depression (n=1) (n=5)
v'Lack of interest to participate in the study v'Discontinued intervention (n=1)
(n=5)
Analysed (n=38) | Analysed (n=38)

Fig 1. Flow diagram demonstrating participants flow through the study.

doi:10.1371/journal.pone.0119830.9001

identical in appearance to zinc and selenium supplements), both taken in association with 10
mg of rosuvastatin (Crestor ; AstraZeneca, London, UK) over a 4-month period. Zinc and se-
lenium supplements were prepared using Zinc Chelazome " (zinc bis-glycine) and Selenium
Complex " (as selenite) by Albion Laboratories, Inc. (Clearfield, UT, USA). We choose the sup-
plementation doses based on known toxicity levels of each mineral, as well as findings indicat-
ing that chronically ill patients in Natal, Brazil consume approximately 7 mg/day of zinc and
50 pg/day of selenium (unpublished data).

Randomization was performed by the pharmacist at the Companhia da Férmula (Natal,
Brazil), where the supplement capsules containing Zn/Se were produced. Bottles of both
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supplement and placebo capsules were given unique codes and then delivered to the investiga-
tors in batches of 10, with a 50/50 supplement-to-placebo ratio. All information about this pro-
cess was retained solely by the pharmacist, leaving both study participants and investigators
blind to the treatment. Patients were assigned bottles at random, and the code number was re-
corded so that researchers could later investigate the impacts of each treatment on patient’s
lipid profile and antioxidant status. The analyses of the mineral content of the capsules by
atomic absorption spectrophotometry showed a zinc content of 26.8 + 0.6 mg and 155.2
5.5ug of selenium. Zinc and selenium were not detected in the capsules used as placebo.

Participants attended a preliminary appointment (T0) during which a clinical evaluation
was done and an interview was conducted in order to obtain general information for anamne-
sis. During this baseline visit, we used a 216-cm handheld stadiometer with a platform (WSC",
Cardiomed, Curitiba, Brazil) to measure height, and an MEA-03140 solar digital balance
(Tanita, Arlington Heights, IL, USA) to measure weight; these values were used to calculate
body mass index (BMI). We also measured abdominal circumference (CA) and collected blood
in order to perform biochemical evaluations. Four return visits were scheduled at 1-month in-
tervals, for a total of 5 visits per patient. During each monthly visit to the outpatient clinic, pa-
tients received both statin medication and a bottle of either mineral supplements or the
placebo. At this time, we also performed a clinical assessment, checked for possible side effects,
and determined whether patients were adhering to the treatment. In addition to these routine
visits, each patient participated in five 24-hour recalls during which we assessed subjects’ die-
tary zinc and selenium intake. Once the 4-month study period was completed, we again as-
sessed anthropometric data and collected a second blood sample to perform biochemical
measurements (Fig. 2).

Biochemical Assays

Blood samples (30 mL) were obtained after a 12-h fast for biochemical analysis. An AU400 im-
munochemical analyzer (Olympus, Tokyo, Japan) and Olympus laboratory kits were used to
perform analyses of total cholesterol, triglycerides, high density lipoprotein cholesterol (HDL-
¢), glucose, aspartate aminotransferase (AST), and alanine aminotransferase (ALT). LDL-c was
determined using the Friedewald Formula. We measured non-HDL cholesterol (total choles-
terol - HDL-c), using the formula provided by the National Cholesterol Education Program
(NCEP) III [13]. The serum concentration of hs-CRP was quantified using the CRP-hs “ 13927

Time 0 (T0)

- Informed consent

provided

- Clinical assessment
- Anthropometric

evaluation

1st month 2nd month 3rd month Time 1 (T1
- Clinical - Clinical - Clinical -Clinical assessment
assessment assessment assessment - Blood collection (2nd)

-Distribution of
rosuvastatin +

o>

-Distribution of
rosuvastatin +

.>

-Distribution of
rosuvastatin +

.’

- Distribution of

- Blood collection (1st)
- Distribution of
rosuvastatin +
Supplement/Placebo

Supplement/ Supplement/ Supplement/ _
Placebo Placebo Placebo Educational Booklet
(Atherosclerosis: guideline
for healthy eating)

Fig 2. Flow chart describing the monitoring of patients.

doi:10.1371/journal.pone.0119830.g002
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kit (BioSystems S.A, Costa Brava, Barcelona). Turbidimetric analyses were conducted using the
Roche Hitachi-917 automated device (Roche Diagnostics Division,Germany).

An immunosorbent assay was used to measure electronegative low density lipoprotein
(LDL(-)) concentrations according to the methods of Faulin et al. [14]. GPx enzyme activity
was assessed using a RANSEL" kit (RS504; Randox Laboratory, San Francisco, CA, USA). Ran-
sel Control reference material (SC692; Randox Laboratory) was used to ensure accuracy. Eryth-
rocyte superoxide dismutase activity was measured with a RANSOD " kit (SD125; Randox
Laboratory). Ransod Control reference material (SD126; Randox Laboratory) was used to
ensure accuracy.

All glassware and plastic containers used during blood collection and mineral analyses were
carefully demineralized in nitric acid bath to 30% for at least 12 h, and rinsed using ultra-pure
(Milli-Q") after 10 times to minimize minerals contamination. Serum and plasma were sepa-
rated by centrifugation for 15 min at 3500 rpm at 4°C. The erythrocyte mass obtained was
washed three times with 5 mL of 0.9% saline, slowly homogenized by inversion and centrifuged
again at 10,000 g for 10 min (SIGMA™ 2K15 centrifuge, Germany) at 4°C, after which the su-
pernatant was discarded. Following the final centrifugation, the saline solution was aspirated
and the erythrocyte mass was carefully extracted using a micropipette, transferred into demin-
eralized eppendorf tubes and stored for later analysis of zinc and hemoglobin. For assays that
were not performed on the day of blood collection, aliquots were stored at —80°C.

Plasma and erythrocyte zinc concentrations were quantified via atomic absorption spectro-
photometry using a Spectra Varian AA-240 device (Varian Medical Systems, Inc., Milpitas,
CA, USA). Plasma zinc concentrations were determined according to methods that have previ-
ously been described elsewhere [15]. Plasma and erythrocyte selenium analyses were per-
formed via atomic absorption spectrophotometry with a Hitachi Z-5000 spectrophotometer
(Tokyo, Japan) with hydride generation coupled to a quartz cell; standardization was per-
formed using previously reported techniques [16]. Seronorm™ Trace Elements Serum L-1 (Sero
AS, Billingstad, Norway) was used as a reference during zinc and selenium analyses.

Primary and Secondary Endpoints

The primary endpoint was the reduction in LDL-c levels (in mg/dL) from baseline to 4 months.
Secondary endpoints included: changes in total cholesterol, LDL(-), SOD, GPx and zinc and
selenium levels.

Statistical Analysis

The sample size was calculated to detect a difference of at least 30mg/dL in the LDL-c levels as-
suming a t-test, a population standard deviation of 40 mg/dL and an allocation ratio of 1:1. The
approximate population standard deviation of 40mg/dL was based from a previous study,
whose population is similar to this studied in the present investigation [17]. We estimated that
38 patients in each arm would be required to achieve a power of 90% at a two-sided signifi-
cance level of 5%.

Throughout this study, parametric tests were used for approximately normally distributed
variables, whereas non-parametric tests were employed when the distribution of the variable
was skewed. Data are expressed as means + standard deviation (SD), median (interquartile
range) accordingly. Absolute number (percentage) was used to summarize count data.

The t-test for independent samples or the nonparametric Mann-Whitney U test were ap-
plied to test for between-group differences for baseline characteristics. For intragroup compari-
sons, we calculated absolute change over time (4) as: A = Ppost-treatment — Hpretreatments Where
stands for the sample mean. To test the hypothesis that |[A| > 0 (i.e a significant change over
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time), we used Student’s paired-samples t-tests or Wilcoxon’s matched-pairs signed-ranks
tests. For binary/categorical variables, we used a Fisher’s exact test, and its extensions for 2xk
contingency tables. For intergroup comparisons, differences in terms of efficacy (3) were com-
puted as follows: 8 = Agypplemented group — Aplacebo group- FOT latter analyses, the Student’s ¢-test
for independent samples was used. All data analyses were performed using the Stata package
(version 8.0, Stata Corp., College Station, TX, USA). Statistical significance was set at the

5% level.

Results
Subjects

After 4 months, 38 patients completed the treatment in each group. Reasons for loss of follow
up are described in Fig. 1. Composition of the two treatment groups was similar in terms of pa-
tient age, sex, body mass index, abdominal circumference, number of atherosclerotic lesions
>60%, previous coronary or cerebral ischemic events and use of medication prior randomiza-
tion (Table 1; P > 0.06). Pre-existing hypertension diagnosis was the most common associated
disease in both groups, impacting 53% of rosuvastatin + mineral-supplemented individuals,
and 74% of rosuvastatin + placebo patients. Both groups had patients with diagnosis of hyper-
tension and type 2 diabetes mellitus (Table 1).

The frequency of fasting hyperglycaemia was higher than normal in both groups; however,
the intervention was associated with a significant decline in blood glucose values in the

Table 1. Baseline characteristics of patients treated with rosuvastatin + mineral supplement or placebo.

Rosuvastatin + Zn,Se (n = 38) Rosuvastatin + Placebo (n = 38) P-value

Age (years) 61.7 £ 9.1 62.8+9.8 0.61
Body mass index (kg/m?) 28.3+4.5 27.8+4.6 0.53
Abdominal circumference (cm) 98.8+10.9 97.9+9.9 0.29
Sex (male/female) 24/14 23/15 0.99
Associated Diseases

None [n (%)] 10 (26) 2(5)
Hypertension [n (%)] 20 (53) 28 (74) 0.02
Type 2 diabetes mellitus [n (%)] 2 (5) 0 (0)
Hypertension + Type 2 diabetes mellitus [n (%)] 6 (16) 8 (21)
Number of atherosclerotic lesions >60%
1[n (%)] 20 (53) 18 (47)
2[n (%)] 12 (32) 12 (32) olod
3 [n (%)] 4 (10) 6 (16)
=4 [n (%)] 2(5) 2(5)
Previous coronary or cerebral ischemic events
None [n (%)] 25 (66) 21 (565) 0.06
Acute myocardial infarction [n (%)] 12 (31) 15 (40)
Ischemic vascular cerebral accident [n (%)] 1(3) 2 (5)
Use of medication prior randomization
Statins (simvastatin) [n (%)] 19 (50) 13 (34) 0.12
Antiplatelet [n (%)] 38 (100) 38 (100)
Antihypertensive [n (%)] 38 (100) 38 (100)

Age, body mass index and abdominal circumference: data are mean * standard deviation.

doi:10.1371/journal.pone.0119830.t001

PLOS ONE | DOI:10.1371/journal.pone.0119830 March 18,2015 7/14



@’PLOS | ONE

Rosuvastatin Effects Are Not Enhanced by Mineral Supplementation

rosuvastatin + placebo group (P = 0.0007). The hs-CRP level was significantly reduced in both
groups (P<0.001), but without significant differences between the groups (P = 0.21 (Table 2).

Lipid profile

Significant decreases in total cholesterol, LDL-c, and non-HDL-c levels were observed for all
patients, regardless of group; however, there were no differences between the rosuvastatin +
mineral-supplemented and rosuvastatin + placebo groups (P > 0.21). This confirms the posi-
tive effects of rosuvastatin on lipid profile, regardless of mineral supplementation. HDL-c levels
were similar in both groups and were consistent across the 4-month study period—likely be-
cause the patients neither engage in a physical activity program nor consume foods high in
monounsaturated fats. Triglycerides concentrations dropped noticeably in both groups, though
this pattern was significant only for the placebo group (P = 0.034); despite this, differences be-
tween the two groups were not significant (P = 0.76). Either rosuvastatin + placebo treatment

or rosuvastatin + mineral supplemented did not change hepatic enzymes activities (P > 0.41)
(Table 2).

LDL (-), SOD and GPx activities

Neither treatment was associated with statistically significant changes in LDL(-) levels after

4 months (Table 3). Similarly, the activities of the antioxidant enzymes GPx and SOD were
unchanged by treatments (P > 0.42) and were similar in both groups (P > 0.33). For all stud-
ied patients (regardless of treatment group), the median levels of these enzymes at the end

of the 4-month study period were within the reference range (GPx: 28-74 Ug/Hb; SOD:
1102-1601 Ug/HDb) (Table 3).

Table 2. Biochemical biomarkers measured in patients treated with rosuvastatin + mineral supplement or placebo.

Rosuvastatin + Zn,Se (n = 38)

Rosuvastatin + Placebo (n = 38) AZn,Se) — A(Placebo) (n =

76)
Baseline Post P- Baseline Post P- 5 (95% CI)' P-
value value value?
Fasting blood glucose (mg/ 116.0£32.8 111.3+29.5 0.46 125.0+52.8 112.0+44.5 <0.001 8.4 (-5.6-22.5) 0.24

dL)

Total cholesterol (mg/dL)

LDL-c (mg/dL)
HDL-c (mg/dL)

Triglycerides (mg/dL)

Non-HDL-c (mg/dL)

ALT (U/L)
AST (UIL)
hs-CRP (mg/dL)

177 (150-215)
98 (69-132)
38 (32-46)
160 (112-276)

143 (112-176)
22 (15-29)
19 (16-25)

0.17 (0.07—
0.40)

139 (115-174)  <0.001 5.9 (-16.2-27.9) 0.42
70 (56-89) <0.001 6.5(-13.5-26.5) 0.36
36 (32-44) 0.19 1.1 (-4.8-25) 059

130 (93-178)  0.03 19.1 (-27.1- 0.76
65.4)

100 (78-129) <0.001 7.0(-14.3-28.3) 0.31

139 (122-159)  <0.001 179 (155-219)
64 (49-80.6)  <0.001 106 (84-150)
37 (33-45) 0.39 36 (31-44)
129 (103-205)  0.07 169 (116-221)

102 (77-113) <0.001 145 (120-176)

24 (18-32) 0.74 22 (16-30) 24 (17-35) 0.41 -0.1 (-6.2-6.0)  0.97
20 (17-26) 0.41 18 (16-25) 19 (17-27) 0.87 0.0 (-45-45)  0.99
0.04 (0.02— <0.001 0.34 (0.08— 0.11 (0.04— <0.001 0.16 (-0.01— 0.21
0.14) 0.80) 0.29) 0.33)

Data are meantstandard deviation or median (25-75% interquartile range).

' Difference in response between rosuvastatin + Zn,Se or placebo groups after treatment, with a 95% confidence interval.

2 P-values indicate differences between rosuvastatin + Zn,Se or placebo groups after treatment.

Number of participants with missing data: LDL-c (01 rosuvastatin + Zn,Se group; 01 rosuvastatin + placebo group).

ALT = alanine aminotransferase, AST = aspartate aminotransferase, HDL-c = high-density lipoprotein cholesterol, LDL-c = low-density lipoprotein
cholesterol, hs-CRP = high sensitivity C-reactive protein, Zn = zinc, Se = selenium.

doi:10.1371/journal.pone.0119830.t002
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Table 3. LDL(-) levels and SOD and GPx activity measured in patients treated with rosuvastatin + mineral supplement or placebo.

Rosuvastatin + Zn,Se (n = 38) Rosuvastatin + Placebo (n = 38) (Zn,Se) — (Placebo) (n = 76)
Baseline Post P- Baseline Post P- 5 (95% CI)! P-
value value value?
LDL(-) (UL)  0.18(0.10-0.48)  0.17 (0.10-0.55)  0.41 0.48 (0.19-0.91)  0.52(0.22-0.86)  0.16 -0.04 (-0.16-0.08)  0.52
SOD (U ¢/ 1397 (1104— 1331 (1112— 0.87 1342 (1222— 1440 (1303— 0.42 -126.3 (-301.0- 0.33
Hb) 1694) 1613) 1681) 1661) 48.5)
GPx (U g/Hb) 43 (33-54) 42 (36-56) 0.87 41 (35-48) 44 (36-54) 0.87 -1.0 (-6.0-3.9) 0.68

Data are median (25-75% interquartile range).
' Difference in response between rosuvastatin

+ Zn,Se or placebo groups after treatment, with a 95% confidence interval.

2 p-values indicate differences between rosuvastatin + Zn,Se or placebo groups after treatment.
LDL (-) = Minimally modified electronegative low-density lipoprotein, SOD = superoxide dismutase, GPx = glutathione peroxidase.

doi:10.1371/journal.pone.0119830.t003

Zinc and selenium status

Neither treatment was associated with significant differences in concentrations of zinc (plasma:
P > 0.14; erythrocyte: P > 0.14) or selenium (plasma: P > 0.63; erythrocyte: P > 0.07) of stud-
ied groups. Thus, neither rosuvastatin alone nor the rosuvastatin + mineral supplementation
influenced the zinc and selenium status (Table 4). The two treatment groups had similar die-
tary intakes of both zinc (rosuvastatin + mineral-supplemented: 6.97 + 0.98 mg/day; rosuvasta-
tin + placebo group: 6.94 + 0.86 mg/day) and selenium (rosuvastatin + mineral-supplemented:
42.19 £ 15.70 pg/day; rosuvastatin + placebo group: 42.56 + 8.67 pg/day); these values do not
reflect the additional 30 mg of zinc and 150 pg of selenium consumed by patients in the
supplementation groups.

Discussion

The 4-month intervention with 10 mg/day of rosuvastatin was associated with a significant de-
cline in total cholesterol, LDL-c, hs-CRP (both groups), blood glucose (rosuvastatin + placebo

Table 4. Zinc and selenium levels measured in patients treated with rosuvastatin + mineral supplement or placebo.

Rosuvastatin + Zn,Se (n = 38) Rosuvastatin + Placebo (n = 38) (Zn,Se) — (Placebo) (n =
76)
Baseline Post P- Baseline Post P- 5 (95% CI)' P-
value value value?
Plasma zinc (ug/dL) 84.0 (70.8— 90.0 (75.4— 0.14 77.0 (67.3-95.0) 82.4 (72.4— 0.99 1.4 (-7.7-10.5) 0.77
101.8) 101.5) 98.2)
Erythrocyte zinc (ug/g Hb) 52.5 (41.1— 50.8 (41.9-57.5) 0.14 49.2 (42.7-57.9) 50.1 (40.8— 0.99 -1.8(-7.0-3.3) 0.19
62.1) 59.2)
Plasma selenium (ug/L) 68.0 (59.9-78.8) 70.6 (59.8-76.2) 0.87 63.1(52.1-70.0) 61.9 (56.1— 0.63 -0.1 (-4.6-4.3) 0.95
71.6)
Erythrocyte selenium (ug/  104.1 (89.2— 111.8 (99.2— 0.07 106 (89.6— 114.7 (85— 0.99 2.0 (-14.9- 0.77
L) 139) 148) 129.8) 136.6) 10.9)

Data are median (25-75% interquartile range).
' Difference in response between rosuvastatin

+ Zn,Se or placebo groups after treatment, with a 95% confidence interval.

2 P-values indicate differences between rosuvastatin + Zn,Se or placebo groups after treatment.
Number of participants with missing data: Plasma zinc and Erythrocyte zinc (02 rosuvastatin+ Zn,Se group; 02 rosuvastatin+placebo group).

doi:10.1371/journal.pone.0119830.t004
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group only), and triglyceride concentrations (rosuvastatin + placebo group only) without ef-
fects on HDL-c levels, hepatic enzymes, or, notably, zinc or selenium status. Likewise, either
mineral concentrations or biomarkers of oxidative stress remained stable for both groups
across the 4-month treatment, suggesting that neither rosuvastatin alone, nor rosuvastatin in
combination with mineral supplements, reduced the biomarker of oxidative stress or improved
antioxidant enzymes activity

In our study a relatively low percentage of patients with diagnosis of diabetes was observed
in both groups (21%). The impaired fasting glucose may be assigned to poor metabolic control
of patients with diabetes, as well as to undiagnosed patients. Abnormal glucose metabolism is
substantially more common and usually undiagnosed than previously acknowledged in pa-
tients with stable coronary arterial disease [18,19]. Taubert et al (2003) [20] observed that dia-
betes was previously unrecognized in half of 3266 patients scheduled for
coronary angiography.

We have studied the diet of participants in both groups, however, no significant differences
were found for all studied nutrients, including those related to glycemic control and triglycer-
ides levels. All patients received the same clinical and nutritional supervision during the
four months of study. Although a intra-group difference has been observed for blood glucose
(P =0.0007) and triglycerides (P = 0.003) values for patients treated with rosuvastatin + place-
bo, no difference for response between treatments over time (P = 0.24 and 0.76, respectively)
was found.

Clinical studies have shown positive effects of rosuvastatin on reducing total cholesterol,
LDL-c and triglycerides concentrations, and increased HDL-c in patients with dyslipidemia
and diabetes mellitus [21,22]. In this study, the positive effects of rosuvastatin treatment on
lipid profile were independent of zinc and selenium supplementation, suggesting that either
the supplementation conditions used in this protocol were not effective to enhance the phar-
macological effect of this statin or that, in fact, zinc and selenium status is not related to this
endpoint. In our study, the absence of changes of HDL-c concentration in both groups can be
attributed to the fact that most patients did not undertake physical activity besides to have a
diet with low intake of foods rich in monounsaturated fat.

Rosuvastatin therapy alone or associated with mineral supplementation did not affect the
LDL(-) levels. This may be explained by the fact that this biomarker is higher in individuals with
acute coronary syndromes than in those with stable angina [23]. Overall, our results suggest that
mineral supplementation may only have small benefits in patients who already have relatively
low LDL(-) concentrations and adequate zinc and selenium status. Similarly, Pereira et al. [24].
found that these minerals did not enhance the effects of a combined simvastatin and a-tocopher-
ol treatment, despite the already proven antioxidant effects of zinc and selenium [25-26].

Few studies have assessed the effects of rosuvastatin on the activity of the antioxidant en-
zymes SOD and GPx-1. Neither of our treatments significantly impacted the activity of these
enzymes. The results of this study may not apply to patients with high cardiovascular risk or
subjects at an early and pre-clinical phase of coronary arterial disease. Likewise, previous re-
ports found that supplementation with three forms of selenium at three different doses also
failed to change patients GPX activity [27]. However, these results contradict a previous report
showing that treatment with rosuvastatin (10 mg) by three months can help to protect against
oxidative stress by enhancing both GPx and SOD activity [28]. Such conflicting results may
stem from differences in analytical techniques, as well as from variations in patient lifestyle and
environmental factors; moreover, SOD and GPx activity vary among tissues and organs [29]. It
has been suggested that SOD and GPx activities are unaffected by statins because the latter in-
hibits nicotinamide adenine dinucleotide phosphate-oxidase (NADPH oxidase) activity lead-
ing to decreased superoxide generation [30].
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Although zinc and selenium are important dietary components that can influence SOD and
GPx activity as cofactors of SOD [31] and GPx [32], respectively, no changes in the activities of
both enzymes were observed by supplementation with either zinc or selenium in the present
study. This is accordingly a previous report showing that a 6-month supplementation with 30
mg/day of zinc gluconate did not change CuZn-SOD activity in diabetic patients [33]. Interest-
ingly, the inadequate dietary zinc intake observed in many patients in our placebo group did
not appear to hamper SOD activity—a finding that likely resulted from the presence of strict
zinc homeostasis mechanisms [34]. Furthermore, the absence of an effect of zinc supplementa-
tion on SOD activity suggests that the amount of zinc administered was not sufficient to com-
promise copper bioavailability—one potential outcome of zinc supplementation because of the
competition between these two minerals in relation to intestinal absorption [35].

Previous reports have suggested that the status of trace elements may be modified by clinical
doses of statins [8,10], however our study showed no evidence of this interaction in accordance
to data found by Farrokhi et al. [36]. This finding is surprising as statin-induced anti-inflam-
matory and antioxidant responses, for instance, can be modulated by the activity of metal-
lothioneins, which mediates zinc homeostasis. Zinc itself upregulates genes modulated by
statin activity [37]. Moreover, statins interfere with selenoprotein synthesis, an interaction that
may be responsible for many of the side effects of these drugs—particularly those observed in
patients with myopathies [7].

This is not the first study in which an oral zinc intervention failed to alter zinc status or lead
to improvements in oxidative damage and vascular function among supplemented patients
[38]. It is possible that, despite a greater demand for zinc, intestinal zinc transporters maintain
strict homeostatic control of this mineral [37]. Zinc supplementation appears to be more effec-
tive in elderly subjects showing an initial zinc deficiency; study duration and zinc dose are also
important elements to consider [39]. Additionally, ingestion of zinc in doses >20 mg may satu-
rate specific zinc pools, leading to a non-linear pharmacokinetics [40]. Indeed, this is responsi-
ble for the patterns observed among our supplemented patients.

Bioavailability of selenium can be influenced by a variety of factors including baseline sele-
nium concentrations, interactions between micronutrients in the supplement formulation, pre-
scribed medications, chemical form, dosage, and duration of supplementation [2,41]. Selenite,
the chemical form of selenium used in this study, is relatively less effective than organic forms
(selenomethionine and selenocysteine) for increasing plasma selenium concentrations. This is
because this form enters directly into the selenium pool after it is reduced, whereas seleno-
methionine is present in the methionine pool until the parent molecule is catabolized [27]. On
the other hand, plasma selenium can reach a plateau between the tenth and twelfth week of in-
tervention. Thus, a more detailed analysis of selenium biomarkers would enable a comparison
of their relative sensitivities to dietary intake of this mineral. Finally, it would be interesting to
examine the possible effects of genotype on selenium metabolism [42].

Several hypotheses have been raised to explain the lack of encouraging results produced by
clinical studies involving supplementation with large doses of antioxidants in patients with car-
diovascular diseases [43]. Studies may also suffer from biased selection criteria; participants
with high baseline levels of increased oxidative stress are more likely than those with lower lev-
els to respond positively to treatment over a shorter period of time [44,45].

Limitations of the present study must to be taken into consideration. Although our study
was designed to have 90% power to detect a 30mg/dL mean difference in the LDL-c between
groups, our investigation was underpowered to detect more modest changes in the blood lipid
profile. In fact, we cannot rule out a smaller effect of the zinc + selenium supplementation on
the efficacy of rosuvastatin.
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In conclusion, rosuvastatin therapy was efficient in reducing lipids in blood plasma inde-
pendently of mineral supplementation. Treatment with rosuvastatin did not have significant
impacts neither on zinc and selenium status nor on the mineral-associated biomarkers assessed
in this study. Further, the zinc and selenium doses used here did not act synergistically or addi-
tively with rosuvastatin to modify the lipid profile or SOD and GPx activities of patients with
stable angina. Further studies should be focused on testing alternative doses and supplementa-
tion time to contribute for a consensus on dose and ideal choice of minerals to be used as possi-
ble complementary therapies in atherosclerotic patients.
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