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APRESENTAÇÃO

A obra “Ciências farmacêuticas: Prevenção, promoção, proteção e recuperação 
da saúde” que tem como foco principal a apresentação de trabalhos científicos diversos 
que compõe seus 14 capítulos, relacionados às Ciências Farmacêuticas e Ciências da 
Saúde. A obra abordará de forma interdisciplinar trabalhos originais, relatos de caso ou 
de experiência e revisões com temáticas nas diversas áreas de atuação do profissional 
Farmacêutico nos diferentes níveis de atenção à saúde.

O objetivo central foi apresentar de forma sistematizada e objetivo estudos 
desenvolvidos em diversas instituições de ensino e pesquisa do país. Em todos esses 
trabalhos a linha condutora foi o aspecto relacionado à atenção e assistência farmacêutica, 
produtos naturais e fitoterápicos, automedicação, saúde pública, entre outras áreas. 
Estudos com este perfil podem nortear novas pesquisas na grande área das Ciências 
Farmacêuticas. 

Temas diversos e interessantes são, deste modo, discutidos aqui com a proposta 
de fundamentar o conhecimento de acadêmicos, mestres e todos aqueles que de alguma 
forma se interessam pelas Ciências Farmacêuticas, apresentando artigos que apresentam 
estratégias, abordagens e experiências com dados de regiões específicas do país, o que 
é muito relevante, assim como abordar temas atuais e de interesse direto da sociedade.

Deste modo a obra “Ciências farmacêuticas: Prevenção, promoção, proteção e 
recuperação da saúde” apresenta resultados obtidos pelos pesquisadores que, de forma 
qualificada desenvolveram seus trabalhos que aqui serão apresentados de maneira concisa 
e didática. Sabemos o quão importante é a divulgação científica, por isso evidenciamos 
também a estrutura da Atena Editora capaz de oferecer uma plataforma consolidada e 
confiável para estes pesquisadores exporem e divulguem seus resultados. Boa leitura! 

Débora Luana Ribeiro Pessoa



SUMÁRIO

SUMÁRIO

CAPÍTULO 1 .................................................................................................................1
REESTRUTURAÇÃO DA ASSISTÊNCIA FARMACÊUTICA: FOCO NO PACIENTE

Leonel Augusto Morais Almeida
Mariana Ferraz Rodrigues
Ana Lucia Reichelt Ely
Pauline Soares Ferrugem

 https://doi.org/10.22533/at.ed.5092218031

CAPÍTULO 2 .................................................................................................................9
CUSTOS DE TRATAMENTO E DA MONITORIZAÇÃO PLASMÁTICA DA VANCOMICINA 
COMPARADOS AO CUSTO DE TRATAMENTO COMA LINEZOLIDA CONTRA BACTÉRIAS 
GRAM POSITIVAS

Milena Oliveira Brandão Souza
Camila Sgarioni Bertão
Maíra Rombaldi Alves
Mirian Nicéa Zarpellon
Andrea Diniz
Elza Kimura

 https://doi.org/10.22533/at.ed.5092218032

CAPÍTULO 3 ...............................................................................................................19
ATENOLOL NO TRATAMENTO PROFILÁTICO DA ENXAQUECA: REVISÃO 
BIBLIOGRÁFICA 

Matheus Rodrigues Vieira
Hélio Rodrigues de Souza Júnior
Rodrigo Lima dos Santos Pereira
Luiz Olivier Rocha Vieira Gomes 
Riolene Costa de Andrade
Pedro Paulo Galvão Lemus
Ivone Oliveira da Silva
Joânilly Da Silva Oliveira
Mônica Larissa Gonçalves da Silva
Lisiane Cristina Neves de Sá
Diego Alves de Oliveira 
Nayara Nally Oliveira Rosa
Lustarllone Bento de Oliveira 

 https://doi.org/10.22533/at.ed.5092218033

CAPÍTULO 4 ...............................................................................................................31
ANTIOXIDANT EFFECTS OF VITAMINS SUPPLEMENTATION IN TYPE 2 DIABETES: 
A SYSTEMATIC REVIEW WITH META-ANALYSES OF RANDOMIZED CONTROLLED 
TRIALS

Maria E. Balbi
Fernanda S. Tonin
Antonio E. M. Mendes



SUMÁRIO

Helena H. Borba
Astrid Wiens
Fernando Fernandez-Llimos
Roberto Pontarolo

 https://doi.org/10.22533/at.ed.5092218034

CAPÍTULO 5 ...............................................................................................................51
EFICIÊNCIA ENERGÉTICA EM SISTEMAS DE CLIMATIZAÇÃO NA INDÚSTRIA 
FARMACÊUTICA

Murilo Antônio Ribeiro Pinto 
Carlos Eduardo Bonazzola Ribeiro
Eliandro Barbosa de Aguiar 
Alexandre Fernandes Santos 

 https://doi.org/10.22533/at.ed.5092218035

CAPÍTULO 6 ...............................................................................................................64
AVALIAÇÃO DA PRÁTICA DA AUTOMEDICAÇÃO EM ACADÊMICOS DE FARMÁCIA EM 
UMA INSTITUIÇÃO DE ENSINO EM ALAGOAS

Vanessa Gomes Amaral Almeida
Ivanilde Miciele da Silva Santos
Willams Alves da Silva
Marlon Claudener dos Santos Dantas
Pedro Victor da Rocha Noé
Renatha Claudia Barros Sobreira
Larissa Temoteo de Albuquerque 
Kayo Costa Alves
Isabela Malta Maranhão
Mary Anne Medeiros Bandeira
Sônia Pereira Leite
Kristiana Cerqueira Mousinho

 https://doi.org/10.22533/at.ed.5092218036

CAPÍTULO 7 ...............................................................................................................76
AVALIAÇÃO DA QUALIDADE DAS AMOSTRAS DE Camellia sinensis L. 
COMERCIALIZADAS NA CIDADE DE MACEIÓ-AL

Pedro Victor da Rocha Noé
Kássio Ronney Lessa Siqueira
Ivanilde Miciele da Silva Santos
Willams Alves da Silva
Vanessa Gomes Amaral Almeida
Marlon Claudener dos Santos Dantas
Kayo Costa Alves
Isabela Malta Maranhão
Larissa Temoteo de Albuquerque 
Mary Anne Medeiros Bandeira
Sônia Pereira Leite
Kristiana Cerqueira Mousinho



SUMÁRIO

 https://doi.org/10.22533/at.ed.5092218037

CAPÍTULO 8 ...............................................................................................................87
ERROS DE MEDICAÇÃO: UMA ANÁLISE SOBRE O ERRO HUMANO E A ADMINISTRAÇÃO 
DO MEDICAMENTO

Letícia Gomes Souto Maior
Caroline Silva de Araujo Lima
Thamires Teixeira Miranda Rodrigues
Jasminy Gonçalves Moreira 
Nathália Luisy Farias da Rosa 
Anna Luíza Soares de Oliveira Rodrigues 
Wanessa Polyana Ernesto Luiz Nobre
Anna Lívia Farias Viana 
Iohanna Campos 
Jeniffer Keterly Gonçalves Santana
Marina de Sousa Aguiar 
Mário Jorge Caruta Geber Júnior 
Mayara Costa Santos da Silva
Glória Edeni Dias Pereira Amorim

 https://doi.org/10.22533/at.ed.5092218038

CAPÍTULO 9 ...............................................................................................................94
MAGNÉSIO - CONTRIBUIÇÃO E BENEFÍCIOS NA SAÚDE HUMANA: REVISÃO 
BIBLIOGRÁFICA 

Thatielle Baldez de Oliveira 
Ethienny Baldez de Oliveira Pacheco
Rosecley Santana Bispo da Silva
Maria Clara da Silva Goersch
Juliana Batista Raulino
Morlan Berman de Lima 
Elvis Michael Nascimento
Amanda Maria Freitas Cirilo 
Andréa Gonçalves de Almeida
Luciana Taumaturgo Amorim
Mônica Larissa Gonçalves da Silva
Nádia Carolina da Rocha Neves
Camila Cristina dos Santos Mognatti
Lustarllone Bento de Oliveira 

 https://doi.org/10.22533/at.ed.5092218039

CAPÍTULO 10 ...........................................................................................................109
MEDICAMENTOS FITOTERÁPICOS COMERCIALIZADOS NAS FARMÁCIAS DE 
ARAGUAÍNA, TO: UMA ANÁLISE DAS BULAS QUANTO ÀS RESOLUÇÕES 47/2009 E 
26/2014 DA ANVISA

Jhonatham Dias Amorim
Claudia Scareli-Santos
Lustarllone Bento de Oliveira



SUMÁRIO

 https://doi.org/10.22533/at.ed.50922180310

CAPÍTULO 11 ...........................................................................................................121
O PAPEL DO ENFERMEIRO NA PREVENÇÃO DAS DOENÇAS PERIODONTAIS NA 
GESTAÇÃO

Ariele Emboaba dos Santos
Dieiny Domingues
Michelle Cristine de Oliveira Minharro
Simone Buchignani Maigret 
Patrícia Elda Sobrinho Scudeler

 https://doi.org/10.22533/at.ed.50922180311

CAPÍTULO 12 ...........................................................................................................133
PERFIL EPIDEMIOLÓGICO DOS CASOS NOTIFICADOS POR INTOXICAÇÃO EXÓGENA 
POR MEDICAMENTOS EM IDOSOS. SALVADOR – BAHIA. 2013 A 2019

Karen Santos Oliveira Travassos Reis, 
Juarez Pereira Dias, 

 https://doi.org/10.22533/at.ed.50922180312

CAPÍTULO 13 ...........................................................................................................144
PLANTAS MEDICINAIS E SEU POTENCIAL TERAPÊUTICO: A BIODIVERSIDADE 
BRASILEIRA E SUA APLICAÇÃO NA ATENÇÃO PRIMÁRIA A SAÚDE

Larissa Leite Barboza
Laryssa Valladares Machado
Thâmara Machado e Silva
Priscila Borges de Faria Arquelau
João Marcos Torres do Nascimento Mendes
Tulio Cesar Ferreira
Lustarllone Bento de Oliveira 
Nadyellem Graciano da Silva
Anna Sarah Silva Brito
Giovanna Masson Conde Lemos Caramaschi
Isabel Cristina Marques Fensterseifer
Raphael da Silva Affonso

 https://doi.org/10.22533/at.ed.50922180313

CAPÍTULO 14 ...........................................................................................................154
PRÁTICA DA AUTOMEDICAÇÃO PELO USO DE ANALGÉSICOS EM IDOSOS NO 
BRASIL – OS RISCOS QUE ESSA PRÁTICA APRESENTA NA AUSÊNCIA DE UM 
ACOMPANHAMENTO FARMACÊUTICO 

Janaina Sousa dos Santos
Gabriel Rodrigues dos Santos 
Cristiane Viana da Silva 
Eduarda Rocha Teixeira Magalhães 
Rodrigo Lima dos Santos Pereira
Cleia Azevedo Seixas Dourado
João Marcos Torres do Nascimento Mendes



SUMÁRIO

Andressa Rezende Ataide
Vinícios Silveira Mendes
Andréa Fernanda Luna Rodrigues
Fabiana dos Santos Bezerra Branco
Francisco Alves Brito
Anna Maly de Leão e Neves Eduardo
Lustarllone Bento de Oliveira 

 https://doi.org/10.22533/at.ed.50922180314

SOBRE A ORGANIZADORA ...................................................................................167

ÍNDICE REMISSIVO .................................................................................................168



 
Ciências farmacêuticas: Prevenção, promoção, proteção e recuperação da saúde Capítulo 4 31

Data de aceite: 01/02/2022

CAPÍTULO 4
 ANTIOXIDANT EFFECTS OF VITAMINS 

SUPPLEMENTATION IN TYPE 2 DIABETES: A 
SYSTEMATIC REVIEW WITH META-ANALYSES OF 

RANDOMIZED CONTROLLED TRIALS

Maria E. Balbi
Pharmaceutical Sciences Postgraduate 

Programme, Universidade Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0001-8210-9250

Fernanda S. Tonin
Pharmaceutical Sciences Postgraduate 

Programme, Universidade Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0003-4262-8608

Antonio E. M. Mendes
Pharmaceutical Sciences Postgraduate 

Programme, Universidade Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0002-5752-349X

Helena H. Borba
PhD.  Department of Pharmacy, Universidade 

Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0001-9723-584X

Astrid Wiens
PhD. Department of Pharmacy, Universidade 

Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0003-4460-4044

Fernando Fernandez-Llimos
PhD. Research Institute for Medicines (iMed.

ULisboa), Department of Social Pharmacy, 
Faculty of Pharmacy, Universidade de Lisboa

Lisbon, Portugal
ORCID ID 0000-0002-8529-9595

Roberto Pontarolo
PhD. Department of Pharmacy, Universidade 

Federal do Paraná
Curitiba, Brazil

ORCID ID 0000-0002-7049-4363

ABSTRACT: Aims: Vitamins are essential 
micronutrients with antioxidant potential that 
may represent a complementary treatment for 
patients with chronic diseases. Our aim was to 
assess the effects of vitamin supplementation 
on the antioxidant status in type 2 diabetes 
mellitus patients. Methods: We performed a 
systematic review with meta-analysis. Electronic 
searches were conducted in PubMed, Scopus, 
Web of Science (December 2017). Randomized 
controlled trials evaluating any vitamin or vitamin 
complex supplementation on antioxidant status 
as primary outcome (reduction of malodialdehyde 
– MDA; augmentation of glutathione peroxidase – 
GPx; changes in total antioxidant capacity – TAC, 
enhance in superoxide dismutase enzyme – 
SOD, and thiobarbituric acid reactive substances 
– TBARS) were included. Other outcomes of 
glycemic control were also evaluated. Pairwise 
meta-analyses were performed comparing 
vitamins against placebo. Results: Thirty trials 
fulfilled the inclusion criteria of the systematic 
review, but only 12 were able to be included in 
the meta-analyses of antioxidant outcomes. 
The main reported vitamins were B, C, D and E. 
Vitamin E was related to significantly reduction 
of blood glucose as well glycated hemoglobin, 
while both vitamins C and E were mainly referred 
in reducing MDA and TBARS and elevating GPx, 
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SOD and TAC. However, outcome report in this field is still inconsistent (e.g. lack of standard 
measures). Conclusion: The supplementation of vitamin E can be a valuable strategy for 
controlling diabetes complications and enhancing antioxidant capacity. The effects of other 
micronutrients should be further investigated in larger and well-designed trials to properly 
place these complementary therapies in clinical practice. 
KEYWORDS: diabetes mellitus; antioxidant capacity; systematic review

HIGHLIGHTS:

• There are still divergences about the therapeutic potential of vitamins on metabolic 
disorders

• Vitamin E shows a promising antioxidant profile in diabetic patients 

• Clinical trials should be more well-designed and properly report outcome data.

INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by an increase 

in blood glucose concentration (fasting blood glucose ≥126 mg/dL). Currently, there are 
382 million patients with diabetes, and this number is expected to reach 592 million by 
2035, being type 2 diabetes (T2DM) the most expressive form of the disease (1-3). The 
American Diabetes Association (ADA) and the European Association for the Study of 
Diabetes (EASD) consensus statement on the management of T2DM recommend life-style 
changes (healthy diet and physical activity) in combination with metformin at the time of 
diagnosis, and addition of other medication in patients who do not achieve the desired 
glycemic control (1). Lowering glycated hemoglobin (HbA1c)  to below 7% has clearly been 
shown as one of the primary endpoints to reduce microvascular complications of DM and 
possibly macrovascular disease (4).

Current evidence has further demonstrated that oxidative stress plays an important 
role in the pathogenesis of chronic diseases such as DM (5-7), and may diminish the 
antioxidative defense system of the body, increasing the oxidative load (3, 8, 9). Several 
studies have shown that individuals with low concentration of antioxidants are at increased 
risk of diabetes complications (10-14) and that T2DM is straightly associated with 
endothelial dysfunction (6, 7, 15). These conditions may develop macro and microvascular 
diseases such as retinopathy, nephropathy, lower extremity amputations, coronary artery 
and cardiovascular diseases (16-18), which are the main causes of morbidity and mortality 
worldwide (19, 20). 

These damaging effects of oxidative stress are mainly caused by the production 
of free radicals of oxygen and reactive oxygen species (ROS), but these substances can 
be modified by enzymatic or non-enzymatic antioxidants such as superoxide dismutase, 
vitamins, minerals, polyphenols and some other molecules (6, 21, 22). A previous study 
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described that the supplementation with multivitamins in a population with high prevalence 
of micronutrient deficiency improved cerebrovascular disease mortality significantly (23). 
Other research groups have analyzed the antioxidant properties of natural products through 
chemical and/or biological methods. They have suggested that the consumption of food rich 
in antioxidants can retard or avoid the occurrence of many diseases (24, 25). Nevertheless, 
previous systematic reviews and individual randomized controlled trials (RCTs) that have 
measured the effect of vitamins supplementation on antioxidant status and glycemic 
control of diabetic patients have been conflicting, so that the benefit, or otherwise, of such 
supplementation remains still uncertain (26-33). 

Thus, we aimed to conduct a systematic review and pairwise meta-analyses to 
gather current evidence on the effects of any vitamin supplementation on antioxidant status 
in T2DM patients, in order to elucidate its real benefits. 

METHODS
We conducted and reported this systematic review and meta-analyses according to 

the Cochrane Recommendations and PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guideline (34, 35). All steps were performed by two independent 
reviewers and discrepancies were solved during consensus by a third author.

 

Search strategies and inclusion criteria 
We searched for relevant articles in the databases PubMed, Scopus and Web of 

Science, without any time limit (updated December 18th, 2017). In addition, we conducted a 
manual search on the reference lists of the retrieved articles, reviews and trial registration 
databases to identify registers missed by the electronic search. Complete search strategies 
are presented in Supplement Material. 

We included RCTs assessing adult patients (over 18 years old) of any gender with any 
stage of type 2 diabetes condition that have evaluated plasmatic antioxidant parameters or 
of oxidative stress. Patients received vitamin (types A and/or B complex and/or C and/or D 
and/or E or variants administered alone or in combination with other vitamins, micronutrients 
or minerals) irrespective of form, dosage, duration or route of administration compared with 
placebo or no treatment or other vitamins (active control). 

Two researchers independently screened titles and abstracts of the articles retrieved 
by the systematic review to identify irrelevant records. In a second stage, full text articles 
were evaluated to identify any of the following exclusion criteria: non-randomized controlled 
trials (type of studies); other interventions than vitamins; individuals aged under 18 years; 
different populations (non-type 2 diabetes); different outcomes measure other than 
antioxidant-related; trials published in non-roman characters. 
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Data extraction and quality assessment
The following data were independent extracted from the included studies by two 

researchers: baseline characteristics (authors names, year of publication, study design, 
country, sample size, gender, age, patients’ condition, trial duration); methodological aspects; 
and clinical outcomes of interest. For primary outcome studies should report alterations in 
plasma antioxidant parameters or oxidative stress, such: as vitamins levels, antioxidant 
enzymes levels (superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase 
(CAT)), oxidative stress biomarkers (e.g. harmful products MDA (malondialdehyde) and 
thiobarbituric acid reactive substances (TBARS)) and changes in plasma total antioxidant 
capacity (TAC). Other changes in anthropometric and glycemic parameters such as fast 
blood glucose and HbA1c reduction, as core outcome set for diabetes control, were also 
collected, when available.  

Included studies were evaluated with two different instruments: the Jadad score 
and the Cochrane Collaboration’s tool for assessing the Risk of Bias (34), in order to 
evaluate studies’ methodological aspects such as properly randomization, blinding, account 
for patients withdrawals and dropouts and possible related bias that may affect data 
interpretation. 

Statistical analyses 
When possible, pairwise meta-analyses of the included RCTs using placebo as 

comparator were performed for the main outcome measures. These analyses were 
conducted using the software Review Manager version 5.3 (The Nordic Cochrane Centre, 
The Cochrane Collaboration, Copenhagen, Denmark).

For each meta-analysis we used the random effects model and the inverse variance 
(IV) method to interpolate the mean differences (MD) or standardized (std.) mean differences 
(SMD) of each study from baseline. Results were reported with a 95% confidence interval 
(CI). A p value less than 0.05 (two-tailed) was considered indicative of a statistically 
significant difference between groups. The heterogeneity between-trial was assessed using 
the inconsistency index value (I2) (I2 > 50% - high and significant heterogeneity)(34). We 
also conducted sensitivity analyses to test the robustness of the results to evaluate the 
impact of any study on data heterogeneity. The analyses consisted of the hypothetical 
sequential removal of studies of the meta-analysis. When possible, subgroup analyses were 
also performed. 

RESULTS 
After the systematic search conducted in the three databases, 1,570 records were 

retrieved and 196 were excluded as duplicates. During study’s title and abstract reading 



 
Ciências farmacêuticas: Prevenção, promoção, proteção e recuperação da saúde Capítulo 4 35

(screening), 1,243 records were excluded and 104 were considered for full-text appraisal, 
of which 25 RCTs were suitable for final analyses. Five articles were added by manual 
searches, finally encompassing 30 RCTs (36-66) (Figure 1). The main characteristics of 
included studies are provided in Table 1.

All studies involved patients diagnosed with T2DM (n=1,430) and were conducted 
mainly in Iran (n=9 trials); followed by United Kingdom (n=4) and United States of America 
(n=3). Evaluated treatments comprised: vitamin B (n=1 study), vitamin C (n=10); vitamin 
D (n=7); vitamin E (n=11), and mixture of vitamins B, C and E (n=1). In four of these trials 
(13.3%), vitamins were delivered by food fortification (oil or yogurt) (43, 55, 59, 62). Placebo 
or negative control were the main comparators in 29 studies (96.7%), while eight trials 
(26.7%) included head-to-head comparisons. Duration of treatment ranged from two to 24 
weeks and patients age ranged from 46 to 72 years. 

Overall, methodological quality of included trials was low-moderate, with a mean 
Jadad Score of 2.7 (range - 1 to 5). All studies scored on randomization, but only 20.0% of 
them described properly these methods. Almost all trials (90.0%) accounted for patient’s 
withdrawals or dropouts, and half of studies were double-blinded. However, only two trials 
described the blinding methods. For the Risk of Bias Tool (see supplement material), trials 
were considered of low risk of bias (> 75%) in the domains of randomization, incomplete 
outcome data and free of selective reporting. Allocation concealment was considered 
unclear in 25 trials (86.2%), and for blinding of participants or outcomes studies often failed 
to provide details. Overall, 70.0% of trials were funded by industries or reported conflict of 
interest.   

Considering the primary outcomes of interest related to antioxidant status, twelve 
studies were able to be included in the meta-analyses of intervention (vitamin) versus 
placebo/control. Not all studies were statistically evaluated since outcomes were not 
comparable (e.g. lack of raw data). Also, gathering evidence especially on antioxidant 
potential was hampered due to the lack of standardization of outcomes report in the clinical 
trials (e.g. inconsistent report, different measures, scales and units). 

Meta-analyses were obtained for augmentation of GPx levels (Units / gram of 
Hemoglobin - U/g Hb), plasma MDA (nmol/L) and TBARS (µmol/L) reductions, and favorable 
changes in TAC (mmol/L) and SOD (U/g Hb). In these cases, no subgroup analyses were 
performed due to the limit number of studies. Overall, results were statistically different 
against placebo and favored the use of vitamins with values of MD 9.40 (95% CI [7.79; 
11.00]) for GPx and MD -0.53 (95% CI [-0.81; -0.25]) for MDA, with I2 values of 44% and 
47%, respectively. Vitamins were also superior to placebo in reducing TBARS with an overall 
effect size of SMD -4.84 (95% CI [-6.01; -3.67]) (I2 = 54%) and in increasing TAC (SMD 0.38 
[0.11; 0.65]) and SOD levels (SMD 0.64 [0.11; 1.17]). These positive results came mostly 
from studies where the interventions were vitamin E (n=7 trials)(39, 44, 47, 50, 56, 62, 65); 
vitamin C (n=2)(49, 52) and vitamin D (n=2)(55, 59) (see Figure 2). 
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The meta-analyses of the glycemic control parameters (13 included trials) are shown 
in figures 3 and 4. No statistical differences were observed in subgroup analyses comparing 
vitamins C or D with placebo. However, for both of the outcomes of mean change in blood 
glucose (mg/dL) and reduction of HbA1c (in percentage), the effects of vitamin E were 
significantly better when compared to control (values of MD -13.89 (95% CI [-19.89; -7.89]) 
and MD -0.47 (95% CI [-0.69; -0.26]), respectively). 

The moderate-high heterogeneity of some meta-analyses (I2 ranging from 15% to 
71%) were caused by more than one study and can be acceptable in this context. Sensitivity 
analyses were conducted with all the meta-analyses (data not shown) and despite the 
sequential hypothetical removal of studies with reduction in the heterogeneity, results 
remained unchanged. Differences in the intrinsic characteristics of the included studies, the 
conduction and design of trials with low quality, sample sizes and patient’s conditions with 
possible comorbidities and different pharmacological treatments, type of intervention and 
differences in outcomes measures can explain these discrepancies.

DISCUSSION
Our study is the first systematic review with meta-analysis that incorporates the 

available evidence of vitamin supplementation in T2DM patients for the improvement of 
antioxidant status in different ways (GPx, SOD and TAC levels augmentation and reduction 
in MDA and TBARS products). Previous studies have focused on glycemic control, insulin 
resistance and changes in endothelial functions (28, 30-33).   

Vitamins are essential micronutrients acquired primarily through diet (e.g. 
consumption of fruits, vegetables, oils, nuts), but also are readily available as over-the-
counter drugs. Since the natural intake of these vitamins may not be daily sufficient – 
notably for patients with chronic diseases – the supplementation may represent a common, 
accessible, complementary and easy treatment, especially for enhance antioxidant status 
and improve body defense (8, 67, 68). Potential antioxidant vitamins such as C and E 
are found decreased in diabetic subjects, possibly due to an increased need to control 
the excessive oxidative stress produced by abnormalities in glucose metabolism and lipid 
peroxidation (69). Despite guidelines and protocols did not specifically recommend the 
use of multivitamins for the general healthy population, it is indicated that some specific 
diseases might benefit from its supplementation (42, 69).  However, few recommendations 
exist for T2DM. 

Our current results revealed that supplementation of certain vitamins in T2DM, 
especially vitamin E, can produce significant impact on parameters of oxidative stress and 
in glycemic control, which may positively benefit patients. Vitamin C was more related to 
changes in antioxidant status, while few evidence was found for the other vitamins (e.g. D 
or B).  
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These beneficial effects of vitamin E may be explained by the reduction of the 
damaging effects of free radicals on structural and functional components of cells and 
vessels walls (30). It is believed that diabetes is associated with increased oxidative 
stress as increased blood concentrations of thiobarbituric acid reactive substances and 
serum malonaldehyde, end products of lipid peroxidation (70). As consequences, adverse 
physiological effects include leakiness of cell membranes by altering structural integrity 
of membrane; inactivation of membrane bound enzymes and surface receptor and the 
involvement of oxidized LDL. When the total antioxidant status is high and enough to combat 
the oxidative stress, the MDA and TBARS levels are in the normal limits and vice-versa. 
(12, 26, 71). Antioxidants can decrease the oxidative damage directly via reacting with free 
radicals or indirectly by inhibiting the activity or expression of free radical (21, 72). TAC 
levels in plasma represent the sum of both exogenous as well as endogenous antioxidants 
activities. Thus, the decreased TAC status and increased MDA and TBARS levels could be 
taken as an early marker of the pathogenesis of complications in T2DM (26, 68, 71). 

Non-enzymatic antioxidants such as vitamins C and E and glutathione enzyme 
interrupt the free radical chain reactions. The combination of these vitamins appears to 
be promising. Despite only one RCT evaluating a mixed vitamin complex was found in 
our systematic review (42), previous studies reported that antioxidant combinations can be 
an appropriate formula for the management of diabetes (72, 73). A three-month study on 
the supplementation of vitamins C and E showed that patients decreased blood glucose 
while increasing SOD and glutathione levels (69, 74). Moreover, the long-term use of 
dietary supplements, including multivitamin/mineral complex showed better conditions for 
C-reactive protein, HDL cholesterol, triacylglycerides, serum homocystein, blood pressure 
and incidence of diabetes (75, 76). However, alone, vitamin C did not present a greater 
profile than vitamin E. 

In the literature, vitamin D is related to gene expression control that may trigger 
a biological response to oxidative stress, such as inhibiting nitric oxide synthase (iNOS) 
or increasing gluthatione levels (5, 77). There is evidence in humans and animal models 
suggesting that vitamin D may play an important role in modifying the risk of diabetes (5, 
78). Low vitamin D status is associated with future macrovascular events in patients with 
T2DM. This association may be the result of the link between vitamin D status and renin-
angiotensin system, endothelial function, blood pressure, or even chronic inflammation (31, 
77, 79). However, our results were scarce on defining vitamin D antioxidant profile, since 
few RCTs involving this micronutrient were included. Besides, some trials (43, 55, 59, 62) 
did not employed a directly drug supplementation, but incorporated the vitamin in food (e.g. 
oil, yogurt), which may affect final results. 

Moreover, because total daily dosage of vitamins intake and treatment duration were 
variable among studies, effects on antioxidant and glycemic profiles may be underestimated. 
Regimens for vitamin C varies from 500 to 3000 mg/day; for vitamin E ranges from 400 to 
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1600 IU/day and for vitamin D doses were of 500 to 200,000 IU/day. Nevertheless, very 
few treatment withdrawals and dropouts as well adverse events due to supplementation 
were reported in all the clinical trials. Longer periods trials with reasonably lower daily dose 
may increase the intracellular concentration of vitamins and result in a sufficient effect that 
should be further evaluated. 

Despite these results, the assessment of the outcomes related to antioxidant status 
was limited by the small number of studies properly reporting data. Moreover, methodological 
aspects of the included trials revealed low-moderate quality, especially concerning accurately 
description of randomization and blinding.  It is noteworthy that methodological errors (e.g. 
poor blinding or randomization) allow factors such as the placebo effect or selection bias 
to adversely affect the results of the study, and thus should be carefully analyzed (80, 81).

The marked heterogeneity in the outcomes report of oxidative stress and antioxidant 
capacity might be due the lack of standardization in the selection and/or measurement of 
the outcome in clinical trials. Different measures and units (e.g., enzymes levels (catalase, 
superoxide dismutase); FRAP - ferric reducing ability of plasma assay; ORAC - oxygen 
radical absorbance capacity assay; TAS - total antioxidant status, among others) are usually 
employed (82, 83). This can be partly justified because of the range of substances and 
antioxidant components in the organism together with the difficulty in measuring all at 
once. Further, inherent variables such as differences between subjects and diseases and 
comorbidities stages should be taken into account (12, 83). The issue of lack of outcomes 
standardization is common to different areas (84), but has been associated with a bad 
reporting practice – outcome switching, and hampers comparisons between interventions 
(84, 85). Thus, the development of a core outcome set related to antioxidant status in chronic 
diseases such as DM is an important component of studies design and can minimize bias 
and reduce inconsistency of evidence. Measures such as TAC, TBARS and MDA could be 
employed as standard. 

Our study has some limitations. We included in the analyses RCTs with differences 
in methodological design and populations characteristics (e.g. age, gender, disease stage 
and comorbidities, diabetes treatments, study duration) and none of them were sufficiently 
powered because the relatively small number of participants. There was some difficulty to 
find and gather trials of the same vitamin or vitamin complex assessing similar outcomes. 
We were able to statistically analyze three vitamins (C, D and E), but other micronutrients 
and vitamin combinations (especially vitamins C and E) should be better investigated. 
Subgroup meta-analyses were poorly obtained. 

We strongly recommend that further well-designed, large-scale, long-term head-
to-head controlled trials and meta-analyses be carried out to demonstrate the effects of 
individual or multivitamins supplementations on T2DM, since previous results are promising.     
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CONCLUSION
The consumption of vitamin E (alone or in combination) promotes health benefits 

since it affects plasma antioxidant capacity, concentration of enzymes and reduce 
MDA e TBARS levels. Considering that T2DM patients have a high risk of experiencing 
micro and macrovascular complications, an alternative strategy for metabolic control, 
besides the combination of diet, exercise and medication, would be by the potential daily 
supplementation with vitamins. Hence, these substances may represent a step forward in 
disease management and prevent the occurrence of these complications. Further studies 
should be conducted to strength this evidence, especially for defining doses and regimen of 
vitamin E and support its use in daily practice. 
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TABLES AND FIGURES

Figure 1. Flowchart of the systematic review process.

(A)

(B)

(C)
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(D)

(E) 

Figure 2. Forest plots for the outcomes: (A) augmentation of GPx level (U/g Hb); (B) reduction of 
MDA (nmol/L); (C) reduction of TBARS (µmol/L); (D) changes in TAC (mmol/L); (E) changes in SOD 
(U/g). Statistical method: Mean difference (MD) and Std. Mean Difference (SMD), IV, Random, 95% 

confidence interval. 
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Figure 3. Forest plot for the outcome measure of blood glucose mean change from baseline (mg/dL). 
Statistical method: Mean difference (MD), IV, Random, 95% confidence interval. 

Figure 4. Forest plot for the outcome measure of HbA1c mean change from baseline (%). Statistical 
method: Mean difference (MD), IV, Random, 95% confidence interval. 
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Author, year Country Treatments N Duration Age (years) Male % Jadad 
Score

Aghamohamma-
di, 2011

(36)
Iran Vitamin B9 5 mg/day

Placebo 70 8 weeks 58.7 ± 7.2
55.6 ± 9.3 100 3

Anderson, 2006 
(37) Wales Vitamin C 1,000 mg/day 

Placebo 20 6 weeks 52.7 ± 6.9 
 53.6 ± 7.9 40.0 2

Antoniades, 
2004
(38)

Greece Vitamin C 2,000 mg/day 
Placebo 17 4 weeks 48.5 ± 6.6 

52.6 ± 5.9 58.8 1

Ble-Castillo, 
2005
(39)

United 
States

Vitamin E 800 IU/day 
Placebo 33 6 weeks 51.3 ± 14.0 

55.3 ± 11.6 0 2

Chen, 2006
(40)

United 
States

Vitamin C 800 mg/day 
Placebo 32 4 weeks 50.0 ± 1.0 40.6 3

Dalan, 2016
(41) Singapore

Vitamin D 4,000 IU/day 
Vitamin D 2,000 IU/day

Placebo 
64 16 weeks 52.2 ± 8.2

54.8 ± 10.8 51.6 5

Gariballa, 2013
(42)

Arab 
Emirates

Vitamin complex (B, C, E) 
Placebo 100 12 weeks 52 (44–56) 

51 (42-60) 41.0 2

Haghighat, 2014
(43) Iran Vitamin E enriched canola 

oil 15 ml/day Placebo oil 45 8 weeks 55.9 ± 5.9 
55.2 ± 5.6 26.7 2

Hejazi, 2015
(44) Iran Vitamin E 400 IU/day

Placebo  27 6 weeks 48.0 ± 6.3 
46.6 ± 7.6 26.0 3

Jamalan, 2015
(45) Iran Vitamin C 1,000 mg/day 

Vitamin E 300 mg/day 80 4 weeks 52.0 ± 8.0 100 2

Jorde, 2009
(46) Norway Vitamin D 40,000 IU/week

Placebo 32 24 weeks 57.7 ± 9.7 
54.8 ± 5.9 56.2 2

Lai, 2008
(47) Japan

Chromium 1000 µg 
Vitamin E 800 IU + 

chromium
Placebo

30 24 weeks
53.2 ± 2.0 
51.5 ± 1.7 
 50.5 ± 1.9

46.7 3

Lu, 2005
(48) Sweden Vitamin C 3,000 mg/day

Placebo 20 2 weeks - 60.0 2

Mahmoudabadi, 
2014
(49)

Iran

Eicosanpentaenoic acid 
500mg/day

Vitamin C 200mg/day 
Vitamin C + 

eicosanpentaenoic acid 
Placebo

81 8 weeks
54.0 ± 5.0 
53.0 ± 5.0 
52.0 ± 6.0 
50.0 ± 8.0

100 2

Manzella, 2001
(50) Italy Vitamin E 600 mg/day 

Placebo 50 16 weeks 64.3 ± 4.7 
65.1 ± 3.9 - 3

Mason, 2016
(51) Australia Vitamin C 1,000mg/day 

Placebo 13 16 weeks 59.4 ± 3.5 92.3 3

Mazloom, 2011
(52) Iran Vitamin C 1,000mg/day  

Placebo 27 6 weeks 47.0 ± 8.9 
46.6 ± 7.6 42.1 2

Mullan, 2002
(53)

United 
Kingdom

Vitamin C 500mg/day 
Placebo 30 4 weeks 61.0 ± 6.5 

57.9 ± 6.6 73.4 3
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Author, year Country Treatments N Duration Age (years) Male % Jadad 
Score

Nikooyeh, 
2011/2014

(54, 55)
Iran

Yogurt (150 mg calcium/250 
mL)

Vitamin D fortified (150 mg 
calcium + 500 IU/250 mL)
Vitamin D fortified (250 mg 

of calcium + 500 IU/250 mL)
*Two bottles/day = 500 mL/

day

90 12 weeks
50.8 ± 6.6 
51.4 ± 5.4 
49.9 ± 6.2

38.9 2

Paolisso, 2000
(56) Italy Vitamin E 600 mg/day   

Placebo 40 8 weeks 58.3 ± 6.4 
56.7 ± 5.3 52.5 3

Park, 2002
(57) Korea Vitamin E 200 mg/day   

Placebo 98 8 weeks 49.4 ± 9.3 
49.5 ± 10.1 59.2 2

Reaven, 1995
(58)

United 
States

Vitamin E 1,600 lU/day  
Placebo 21 10 weeks 60.8 ± 6.1 

61.8 ± 8.4 100 2

Shab-Bidar, 
2015
(59)

Iran Vitamin D fortified Yogurt 
500 UI, 500ml/day Yogurt 100 12 weeks 52.6 ± 6.3 

52.4 ± 8.4 43.0 3

Sugden 2007
(60)

United 
Kingdom

Vitamin D 100 000 UI/day 
Placebo 34 8 weeks 64.9 ± 10.3 

63.5 ± 9.5 52.9 5

Tessier, 2009
(61) Canada

Vitamin C 500 mg/day
Vitamin C 1000 mg/day 

Placebo
36 12 weeks

72.0 ± 5.0 
72.0 ± 4.0 
71.0 ± 4.0

22.2 3

Vafa, 2015
(62) Iran Vitamin E enriched canola 

oil 15 ml/day Canola oil 45 8 weeks 55.9 ± 5.9 
55.2 ± 5.6 73.3 4

Winterbone, 
2007
(63)

United 
Kingdom

Vitamin E 1,200 IU 
α-tocopherol/day Placebo 19 4 weeks 62.7 ± 1.8 

61.9 ± 1.9 100 2

Witham, 2010
(64)

United 
Kingdom

Vitamin D3 100,000 IU/day 
Vitamin D3 200,000 IU/day 

Placebo 
41 16 weeks

65.3 ± 11.1
63.3 ± 9.6
66.7 ± 9.7

67.2 3

Wu, 2007
(65) Australia

Vitamin E α-tocopherol 500 
mg/day

Vitamin E mixed tocopherols 
500 mg/day 

Placebo

55 6 weeks
64.0 ± 7.0 
58.0 ± 4.0 
62.0 ± 7.0

74.5 2

Yiu, 2013
(66) China Vitamin D 500 IU/day

Placebo 100 12 weeks 65.8 ± 7.3 
64.9 ± 8.9 50.0 4
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