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APRESENTACAO

A obra “Ciéncias farmacéuticas: Prevencdo, promogdo, protecdo e recuperagédo
da saude” que tem como foco principal a apresentagédo de trabalhos cientificos diversos
que compde seus 14 capitulos, relacionados as Ciéncias Farmacéuticas e Ciéncias da
Saude. A obra abordara de forma interdisciplinar trabalhos originais, relatos de caso ou
de experiéncia e revisbes com tematicas nas diversas areas de atuagdo do profissional
Farmacéutico nos diferentes niveis de atencdo a saude.

O objetivo central foi apresentar de forma sistematizada e objetivo estudos
desenvolvidos em diversas instituicbes de ensino e pesquisa do pais. Em todos esses
trabalhos a linha condutora foi o0 aspecto relacionado a atengéo e assisténcia farmacéutica,
produtos naturais e fitoterapicos, automedicacdo, saude publica, entre outras éareas.
Estudos com este perfil podem nortear novas pesquisas na grande area das Ciéncias
Farmacéuticas.

Temas diversos e interessantes sé@o, deste modo, discutidos aqui com a proposta
de fundamentar o conhecimento de académicos, mestres e todos aqueles que de alguma
forma se interessam pelas Ciéncias Farmacéuticas, apresentando artigos que apresentam
estratégias, abordagens e experiéncias com dados de regides especificas do pais, o que
€ muito relevante, assim como abordar temas atuais e de interesse direto da sociedade.

Deste modo a obra “Ciéncias farmacéuticas: Prevengédo, promocéo, protecdo e
recuperacdo da saude” apresenta resultados obtidos pelos pesquisadores que, de forma
qualificada desenvolveram seus trabalhos que aqui serdo apresentados de maneira concisa
e didatica. Sabemos o quéo importante é a divulgacéo cientifica, por isso evidenciamos
também a estrutura da Atena Editora capaz de oferecer uma plataforma consolidada e
confiavel para estes pesquisadores exporem e divulguem seus resultados. Boa leitura!

Débora Luana Ribeiro Pessoa
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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
20835, 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 18", 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
(Cl). 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 (I?) (1> > 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
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(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 (umol/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 12 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 (I? 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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Figure 1. Flowchart of the systematic review process.
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Hejazi, 2014 -22 4 14 143 37 13 09% -363[653,-073 +———————
Mahmoudabadi, 2014 -0.2 05 14 0.3 06 13 185% -050[-082,-0.08] —=
Mazloom, 2011 -1.8 3 20 -22 26 20 24% 0.40[1.34, 214 I
Mikaoyeh, 201152014 -01 1 30 04 1 30 155%  -0.80 F1.01, 0,01] ]
Shah-Bidar, 2015 -054 08 a0 0z 1.1 50 200% -0.74[-1.12,-0.36] =
‘afa, 2014 -1.13 1.07 23 -08 17 22 83% -063[1.46,020 T
Total (95% CI) 199 204 100.0% -0.53[-0.81, -0.25] [ 2
Heterogeneity: Taw®= 0.07; Chi®=13.30,df=7 (P =0.07), F=47% t t

-4 -2 0 2 4

Testfor overall effect: Z= 3.69 (P = 0.0002) Vitamins Placebo

©
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Vitamins

Placebo

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lai, 2008 -0.2 0.06 10 0.1 009 10 28.3% -3.76[-5.32,-219] ——
Manzella, 2001 -0.24 0.04 25 0 0.04 25 344% -5.91 [-7.23,-4.58] ——
FPaolissa, 2000 -0.26 0.05 20 -0.02 0.05 20 36.2% -4 70 [5.94,-3.45] ——
Total (95% CI) 55 55 100.0% -4.84 [-6.01, -3.67] -«
Heterogeneity Tau? = 0.58; Chi= 4.34, df= 2 (P= 0.11); F= 54% _150 55 ) t 150
Testfor overall effect Z= 811 (P = 0.00001) Vitamins Placebo
(D)
Vitamins Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Aghamohammadi, 2011 018 0.4 34 -0 1 35 27.8% 0.36 [-0.11, 0.84] T
Mahmoudabadi, 2014 -01 0.4 20 -02 045 20 17.3% 0.20[-0.43, 0.82] e
Shab-Bidar, 2015 014 05 50 002 05 500 37.3% 0.24 [-0.16, 0.63] T
Wafa, 2015 1 048 23 0.3 08 22 17.6% 0.90[0.28,1.51] —
Total (95% CI) 128 127 100.0% 0.38 [0.11, 0.65] L 2
Heterogeneity: Tau?= 0.01; Chi*= 3.53, df= 3 (P=0.32); F=15% 52 51 p 15
Testfor overall effect: Z=2.73 (P = 0.0086) Placebo Vitamins
(E)
\itamins Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Lai, 2008 286 25 10 52 30 10 22.7% 081 [F0.11,1.73]
Mahmoudabadi, 2014 123 14 20 19 11 200 33.49% 1.03 [0.36, 1.649] —a—
Mikooyeh, 201152014 51.6 8945 M 3AE ThS 30 43.4% 0.24 [F0.27,0.79]
Total (95% CI) 60 60 100.0% 0.64 [0.11, 1.17] ’
Heterogeneity: Tau®= 0.10; Chi*= 3.71, df= 2 (P = 0.16); F= 46% _54 I2 b é i

Testfor overall effect £= 2.35 (F = 0.02)

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 (umol/L); (D) changes in TAC (mmol/L); (E) changes in SOD
(U/g). Statistical method: Mean difference (MD) and Std. Mean Difference (SMD), 1V, Random, 95%
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Vitamins Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% CI v, Random, 95% CI
1.13.1 Vitamin C versus Placebo
Chen, 2006 -2 425 158 -2 329 17 47% 10.00[16.59, 36.59] 7
Lu, 2004 -144 334 10 -252 484 10 28% 10.80[-25.80, 47.50] —
Mahmaoudabadi, 2014 -207 254 20 -208 261 20 88% -0.20[16.16,15.76] T
Subtotal (95% CI) 45 47 16.2% 3.51[-9.31, 16.34] -
Heterogeneity: Tau®= 0.00; Chi*=0.59, df= 2 (P =0.75), F= 0%
Test for overall effect 7= 0.54 (P = 0.53)
1.13.2 Vitamin D versus Placebo
Jorde, 2009 -36 558 16 7.2 18 16 4.2% -10.80[-39.53,17.93] I
Mikooyeh, 2011/2014 -0.04 35 30 -0.048 32 a0 17.3% 0.01 [-1.69,1.71]
Shab-Bidar, 2015 -26.6 456 50 -10 3.2 50 10.8% -16.60[-29.27,-3.93 ——
Subtotal (95% CI) 9%6 96 32.2%  -7.35[-20.55,5.84] . .2
Heterogeneity: Tau®= 89.05; Chi*= 7.00,df=2 (P =0.03), F=71%
Test for overall effect Z=1.08 (P = 0.27)
1.13.3 Vitamin E versus Placebo
Ble-Castillo, 2005 171 2041 13 329 2298 21 9.5% -15.80[-30.50,-1.10] ——
Hejazi, 2015 -85 T4 14 -6 &75 13 168%  7.50[-42.30,57.30]
Lai, 2008 -6 72 10 -0.4 18 10 11.2% -21.20[33.22,-9.19] —_—
Park, 2002 -58 M8 48 -B2 785 A0 3.2%  0.40[33.66, 34.46] [ E—
Reaven, 1995 -0.7 358 0 -01 337 11 3.9% -0.60[-30.42,29.27] I E—
Wafa, 20146 -154 201 23 38 244 22 10.4% -19.30 [32.56,-6.04] —
Winterbone, 2007 -9 162 0 -1.8 7.2 9 11.8% -7.20118.29, 3.89] T
Subtotal (95% CI) 128 136 51.6% -13.89[-19.89, -7.89] L
Heterogeneity: Tau®= 0.00; Chi*= 5.67, df= 6 (F = 0.46), F= 0%
Test for overall effect: 7= 4 54 (P = 0.00001)
Total (95% CI) 269 279 100.0% -8.09[-14.80,-1.38] L 2
Heterogeneity: Tau®= 67.12; Chi*= 32.01, df= 12 (F = 0.001); F= 63% L t |

Test for overall effect Z=2.36 (P=0.02) -100

Testfor subaroup differences: Chi*=6.02, df= 2 (P = 0.04), F= 66.8%

Figure 3. Forest plot for the outcome measure of blood glucose mean change from baseline (mg/dL).

1
-50

a0
Yitamins Placebo

Statistical method: Mean difference (MD), IV, Random, 95% confidence interval.

100

Vitamins Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 85% CI IV, R 95% CI
1.14.2 Vitamin C versus Placebo
Lu, 2008 -0z 01 10 -01 1.3 10 348%  -010[F1.12,082]
Mahmoudabadi, 2014 -0y 1.2 20 -1 16 20 4.4% 0.30 [-0.58,1.18] e B —
Subtotal (95% CI) 30 30 7.9% 0.13[-0.53, 0.79] e
Heterageneity, Tau®= 0.00; Chi®=0.34, df=1 {P= 0.56); F= 0%
Testfor overall effect: Z= 038 {P=070)
1.14.3 Vitamin D versus Placebo
Dalan, 2016 -0.1 08 33 -01 1 31 100% 0.00 [-0.45, D.45] T
Jorde, 2009 -0.2 09 16 -0.2 04 16 2.9% 0.00 [-0.50, 0.50] I —
Mikooyeh, 201172014 -0.3s 23 30 1 148 30 IT%  -13A[233,-037] 4—————————
Shab-Bidar, 2015 -09 1.4 a0 -0.4 17 a0 T2%  -0580[F1.11,0011] ——
Sugden, 2007 -0.01 06 17 -0.05 0.4 17 122% 0.04 [-0.30, 0.38] I
Witham, 2010 -01s 1.2 39 -03 1.4 22 G.1% 0.15[-0.55, 0.845] I E—
Yiu, 2013 -0.1 1 a0 -0.25 1 a0 1M1A% 0.15[0.24, 0.54] .
Subtotal (95% CI) 235 216 594%  -0.08[-0.34,0.17] -
Heterogeneity, Tau®= 0.05; Chi*= 1046, df=6(FP=0.11); "= 43%
Testfor overall effect: 7= 064 (P=052)
1.14.4 Vitamin E versus Placebo
Ble-Caslillo, 2008 -0.6s 0.7 13 -04 05 2 1023% -0.25[0.69,0.149] —
Manzella, 2001 -0y 0.3 25 -01 06 25 141% -0.60[0.86,-0.34] —_—
Park, 2002 -38 25 48 -33 241 a0 41%  -020[1.12,072] B
Reaven, 1995 -0z 01 10 o 11 11 43%  -020[1.10,0.70] I
Subtotal (95% CI) 96 107  32.7% -0.47 [-0.69, -0.26] <
Heterogeneity: Tau®= 0.00; Chi®= 2.59, df= 3 (P = 0.46), F= 0%
Testfor overall effect: 7= 436 (P = 0.0001)
Total (95% CI) 361 353 100.0%  -0.17 [-0.38, 0.04] -
Heterogeneity, Tau== 0.07; Chif= 23.70, df= 12 (P = 0.02); F= 48% 2 1 ; 1

Testfor overall effect: Z=1.59{P=011)
Testfor subgroup differences: Chi*= 6.90, df=2 (P =0.03), F=71.0%

Vitamins Placeho

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 % ‘éacc:)arg
Aghamohamma- N
h Vitamin B9 5 mg/day 58.7+7.2
di, 2011 Iran Placebo 70 8 weeks 55.6 + 9.3 100 3
(36)
Anderson, 2006 Vitamin C 1,000 mg/day 52.7 +6.9
37) Wales Placebo 20 bweeks  gggi79 400 2
Antoniades, N
2004 Eieese Vitamin C 2,000 mg/day 17 A 48.5 +6.6 58.8 1
Placebo 52.6 +5.9
(38)
Ble-Castillo . N
’ United Vitamin E 800 IU/day 51.3+14.0
2(28)5 States Placebo 33 6 weeks 55.3 +11.6 0 2
Chen, 2006 United Vitamin C 800 mg/day
(40) States Placebo 32 4 weeks 50.0+1.0 40.6 3
Vitamin D 4,000 |U/day
Da'a(';’ﬁom Singapore  Vitamin D 2,000 IU/day 64 16 weeks 554252f18628 51.6 5
Placebo T
Gariballa, 2013 Arab Vitamin complex (B, C, E) 52 (44-56)
(42) Emirates Placebo 100 12weeks g5y (40g0 410 2
Haghighat, 2014 Vitamin E enriched canola 55.9+5.9
(43) Iran oil 15 mi/day Placebo oil ~ 42 8weeks 555 56 267 2
Hejazi, 2015 Vitamin E 400 1U/day 48.0 £6.3
(44) Iran Placebo 27 6 weeks 46.6+7.6 26.0 3
Jamalan, 2015 Vitamin C 1,000 mg/day
(45) Iran Vitamin E 300 mg/day 80 4 weeks 52.0 +8.0 100 2
Jorde, 2009 Vitamin D 40,000 1U/week 57.7 +9.7
(46) Norway Placebo 32 24 weeks 548459 56.2 2
Chromium 1000 g
. o 53.2+2.0
Lai, 2008 Japan Vitamin E 800 [U + 30 24weeks 51517 467 3
(47) chromium 505 +1.9
Placebo D
Lu, 2005 Vitamin C 3,000 mg/day :
(48) Sweden Placebo 20 2 weeks 60.0 2
Eicosanpentaenoic acid
. 500mg/day 54.0+5.0
Mahmoudabad, ran Vitamin C 200mg/day 61 Buweeks 530%50 oo »
(49) Vitamin C + 52.0 £6.0
eicosanpentaenoic acid 50.0 +8.0
Placebo
Manzella, 2001 Vitamin E 600 mg/day 64.3 +4.7 B
(50) lisLy Placebo U Bl oy <
Mason, 2016 . Vitamin C 1,000mg/day
(51) Australia Placebo 13 16 weeks 59.4 +3.5 92.3 3
Mazloom, 2011 Vitamin C 1,000mg/day 47.0 +8.9
(52) Iran Placebo 27 6 weeks 466+7.6 421 2
Mullan, 2002 United Vitamin C 500mg/day 61.0+6.5
(53) Kingdom Placebo 30 4 weeks 57.9+6.6 73.4 3
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Author, year Country Treatments N Duration Age (years) Male % ‘éacc:)arg
Yogurt (150 mg calcium/250
mL)
. Vitamin D fortified (150 mg
NLEIER, calcium + 500 1U/250 mL) SLf = BE
2011/2014 Iran Vitamin D fortified (250 mg 90 12 weeks 51.4+54 38.9 2
(0 of calcium + 500 1U/250 mL) SEHE 2
*Two bottles/day = 500 mL/
day
Paolisso, 2000 Vitamin E 600 mg/day 58.3 +6.4
(56) Italy Placebo 40 Bweeks  g57.53 925 3
Park, 2002 Vitamin E 200 mg/day 49.4 +9.3
(57) Korea Placebo 98 8 weeks 49.5 + 10 1 59.2 2
Reaven, 1995 United Vitamin E 1,600 |U/day 60.8 + 6.1
(58) States Placebo 21 10 weeks 61.8+84 100 2
Shab-Bidar. — -
’ Vitamin D fortified Yogurt 52.6 +6.3
z(g;f’ [ 500 Ul, 500mi/day Yogurt ~ 100 12weeks 55y g4 430 E
Sugden 2007 United Vitamin D 100 000 Ul/day 64.9 +10.3
(60) Kingdom Placebo 84 Bweeks  g35.95 929 5
. Vitamin C 500 mg/day 72.0+£5.0
Tess'(%ri )2009 Canada Vitamin C 1000 mg/day 36  12weeks 72040 222 3
Placebo 71.0+4.0
Vafa, 2015 Vitamin E enriched canola 55.9+5.9
62) Iran oil 15 mi/day Canola oil 45 8Bweeks 5.5 733 4
Winterbone " o
’ United Vitamin E 1,200 U 62.7+1.8
2(2(;)7 Kingdom a-tocopherol/day Placebo B 4IRS 61.9+1.9 1Y 2
. . Vitamin D3 100,000 IU/day 65.3 £ 11.1
W'th?g:i)zm 0 K%”'L%dm Vitamin D3 200,000 IU/day ~ 41 16 weeks 63.3+9.6  67.2 3
9 Placebo 66.7 +9.7
Vitamin E a-tocopherol 500
Wu. 2007 mg/day 64.0 +7.0
(’65) Australia Vitamin E mixed tocopherols 55 6 weeks 58.0 +4.0 74.5 2
500 mg/day 62.0+7.0
Placebo
Yiu, 2013 . Vitamin D 500 IU/day 65.8 +7.3
(66) China Placebo 100 12 weeks 64.9 + 8.0 50.0 4
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