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Abstract

Diabetes mellitus is associated with hyperglycemia, which promotes oxidative stress through production of free
radicals which may lead to diabetic complications such as cardiovascular diseases. However,it is proposed that
dietary intakes of antioxidant micronutrients may help reduce oxidative stress in diabetes mellitus. The objective was
to evaluate the protective effects of antioxidant micronutrients against CVD risk among type 2 diabetics.

Method: A systematic literature review including detailed search strategy was developed to search PubMed,
PMC, PLOSONE, Google scholar and cochrane. Research articles were retrieved, screened and relevant articles
were extracted. The exposure for review were zinc, vitamin E, and selenium, whereas measured outcomes were
effects of antioxidant micronutrients on type 2 diabetes: reduced FBG and HbA1c, reduced lipidemia, improved
antioxidant status, reduced oxidative stress.

Results: Among six cross-sectional studies; five studies indicated serum zinc were significantly reduced in type
2 diabetics than controls, whereas one study showed a higher serum selenium in type 2 diabetics than controls.
Among five case-control studies used, two studies found serum zinc was lowered among type 2 diabetics than
controls. Another study found serum vitamin E was reduced in type 2 diabetics than controls (p<0.05). The other
studies showed supplementation of vitamin C, E improved significantly in levels of fasting blood glucose and glycated
hemoglobin (p<0.05, p<0.001 respectively). However, a case control study between type 2 diabetics with glycated
haemoglobin <7% and = 7% showed no difference in serum zinc levels (p=0.168). Out of five randomized controlled
trials, two studies showed significant difference in fasting blood glucose, total antioxidant capacity, malondialdehyde
in type 2 diabetics who received supplemented enriched tocotrienol canola oil at the end of study. However, type 2
diabetics supplemented with omega-3 plus vitamin E, and zinc plus vitamin C showed no significant differences in
cardiovascular risk markers compared to controls. Also, two studies which either supplemented type 2 diabetics with
fermented diet containing supplemented chromium and zinc found no significant differences in glycated hemoglobin
compared to placebo groups.

Conclusion: Antioxidant micronutrients could significantly reduce risk of cardiovascular diseases in type 2
diabetes and hence require further studies to ascertain its effects.

Although, several reviews and journal publications have been done on
diabetes mellitus, there exist little data for antioxidant micronutrients
in type 2 diabetes. According to Mahdizadeh et al. [9], clinical
significance of antioxidant micronutrients in Type 2 diabetes mellitus
is still controversial and requires further evaluation. A systematic
search was performed to select studies published from April 2012 to
October, 2016. The search evaluated the protective effects of antioxidant
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Abbreviation: RCT: Randomized Controlled-Clinical Placebo
Trials; HbAlc: Glycated Hemoglobin; FBG: Fasting Blood Glucose.

Introduction

In diabetes mellitus, there is persistent hyperglycemia and insulin
resistance [1] which promotes development of endothelial cell injury
and increased oxidative stress. Type 2 diabetes is likely to be affected
by oxidative stress, secondary to persistent high blood glucose, lipid
abnormalities due to generation of reactive oxygen species, formation
of advanced glycosylated end products, dysfunctional glutathione
metabolism and automatic oxidation of glucose [2]. This reduces
their antioxidant capacity and it is proposed that dietary intakes of
antioxidant micronutrients can play role in reducing oxidative stress [3].
Vitamin C is a significant hydrophilic antioxidant present in plasma of
human. It has a protective role on immune function, anti-inflammatory
and scavenges free radicals produced from oxidative process [4].
According to Song et al. [5] vitamin C also supply again depleted
antioxidant reserve and thus prevent mediated damage from free
radicals. Zinc is a micronutrient which influences glucose metabolism
by promoting insulin sensitivity [6]. Zinc plays such role by involving in
the synthesis, secretion and storage of insulin in pancreas [7]. Vitamin
E is an important antioxidant which plays defence mechanism on lipid
membrane; thereby prevents lipid peroxidation [2]. Vitamin E halts
propagated chain reaction of lipid peroxyl radical formed in cells [8].

micronutrients status (vitamins and minerals from diet, serum and/or
supplement) against CVD risk among type 2 diabetes mellitus patients.

Method

The search words used included “antioxidant micronutrients and
risk of CVD, antioxidant micronutrients and type 2 diabetes mellitus,
zing, vitamin E, and selenium, dietary intakes, CVD risk and type 2
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diabetes mellitus, serum vitamin E and type 2 diabetes mellitus,
serum zinc and type 2 diabetes mellitus, serum selenium and type 2
diabetes mellitus, and Serum selenium and type 2 diabetes mellitus”
The main outcome measured were effects of dietary supplementation
of antioxidant micronutrients among type 2 diabetes mellitus patients,
effects of antioxidant micronutrients status on type 2 diabetes through
evaluation on: reduced fasting blood glucose and HbAlc, reduced
lipidemia, improved antioxidant status, reduced oxidative stress. The
electronic databases used in the search were PubMed, Cochrane,
PMC, Google scholar and PLoS ONE. The search results identified
these articles in the respective databases: PubMed (82), Cochrane
(24), PMC (6545), Google Scholar (68380), and PLoS ONE (14542).
After thorough evaluation of search articles, most of the articles that
did not match inclusion criterion were discarded and other articles
were eliminated because of irrelevant information and partial synthesis
of data. After elimination of these articles, 16 articles containing full
text of publications were included and evaluated. The included criteria
were; studies on cross-sectional, case-control and randomized clinical
controlled trial, human samples of all ages and gender, all age groups.
The review excluded; articles in press, animal studies, case reports that
did not meet inclusion criteria, review papers and type 1 and gestational
diabetes articles

Study Design

Three study designs were identified out of which six were cross-
sectional study; five were case-control study which compared
antioxidant micronutrients status of type 2 diabetes mellitus patients
and their healthy controls. Also, five studies evaluated randomized
clinical-controlled trials, where antioxidant micronutrients were
incorporated in food as supplement to type 2 diabetes mellitus patients
and control groups orally, and various outcomes were measured after
the intervention.

Antioxidant micronutrient included in study

The main antioxidant micronutrients considered were vitamin
E, zinc and selenium. However, other micronutrients such as copper,
chromium, vitamin C, manganese, magnesium, chromium and iron
were assessed among type 2 diabetes mellitus patients and healthy
non-diabetics to compare their status. Systematically, 91410 research
articles were identified from all listed databases. A thorough reading of
research articles eliminated 91305 based on titles, and/or abstracts and

eligibility criteria. The remaining articles were 105. A second thorough
proofreading of 105 articles eliminated 89 articles based on exclusion
criteria and duplicated papers. Finally 16 articles were accepted for the
review. An illustration of search strategy is summarized below: Figure 1

Table 1 summarizes finding of randomized double-blind
placebo controlled clinical trial studies retrieved from the
review

Out of the five randomized controlled trials included, two studies
showed significant difference in fasting blood glucose, total antioxidant
capacity, fasting blood glucose, malondialdehyde in type 2 diabetics
which received supplemented enriched tocotrienol canola oil, and
at the end of study. However, a study which supplemented type 2
diabetics with omega-3 plus vitamin E and zinc plus vitamin C showed
no significant differences in low density lipoprotein cholesterol, total
cholesterol, glycated hemoglobin among type 2 diabetics (LDL-C: 113.0
+ 7.1 mg/dL, TC: 197.0 = 7.1 mg/dL, HbAlc: 9.2 + 0.3 %) compared
with controls (LDL-C: 100.0 + 7.9 mg/dL, p=0.21, TC: 180.0 + 6.6
mg/dL, p=0.49, HbAlc: 9.5 + 0.3%, p=0.53). Also, two studies which
either supplement type 2 diabetics with fermented diet containing
supplemented chromium and zinc or zinc capsules found no significant
difference in glycated hemoglobin and total cholesterol compared to
placebo groups. Another RCT study found that type 2 diabetic patients
who had duration less than 7 years and received zinc plus vitamin C
supplementation had significant decreased in HbAlc level before
(HbAlc: 9.7 £ 0.4%, LDL-C: 143.4 + 10.3 mg/dL) and after (HbAlc:
10.0 + 0.4%, LDL-C: 120.7 £+ 10.3 mg/dL, p=0.01, p=0.003 respectively) the
study. Additionally, type 2 diabetic patients who had duration less than 7
years and received omega-3 plus vitamin E supplementation had significant
decreased in low density lipoprotein cholesterol before (HbA1c: 9.7 + 0.4%,
LDL-C:127.8 £+ 11.2 mg/dL) and after (HbA1lc: 8.8 + 0.4% , LDL-C:113.6 +
11.2 mg/dL, p=0.001, p=0.04 respectively) the study.

Table 2 summarizes finding of cross-sectional studies
retrieved from the review

Overall, six cross-sectional studies were included, and five studies
indicated level of serum zinc were significantly reduced in type 2
diabetics compared with controls, whereas one study showed higher
level of serum selenium in type 2 diabetics compared to controls.
Within the five studies, two studies further reported serum zinc was
lower in type 2 diabetics with complication (89.6 + 4.2 pug/dL,49.2 +7.5

91410 research articles were identified from all databases

91305 articles were eliminated
based on titles, and/or abstracts,
and eligibility criteria

\ 4

105 articles remained after thorough reading papers

89 articles were later eliminated
based on exclusion criteria and

duplicated papers

16 articles were accepted for reviews

Figure 1: An illustration of search strategy.
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pg/dL) compared with type 2 diabetics without complication (92.3 +
5.15 pg/dL, 64.7 + 8.4 pg/dL) (p<0.001, p=0.024 respectively).

Table 3 summarizes finding of case-control studies retrieved
from the review

Among the five case-control studies used, two studies found
serum zinc was lowered among type 2 diabetics than controls. One of
the two studies found strong, inverse significant correlation between

serum zinc and glycated hemoglobin in type 2 diabetics (r=-0.56,
p<0.001). Another study found serum vitamin E was significantly
reduced in type 2 diabetics compared with controls. The other study
showed supplementation of vitamin C, E and combined vitamin C and
E improved significantly in levels of plasma fasting blood glucose and
glycated hemoglobin after 3 months (p<0.05, p<0.001 respectively).
However, a case-control study between type 2 diabetics with glycated
hemoglobin <7% (0.15 + 0.02 mg/dL) and = 7% (0.13 + 0.02 mg/dL)
showed no significant difference in serum zinc levels (p=0.168).

Lead Author and Country = Year Study population Micronutrients Main findings Type 2 diabetics
Outcome Intervention Control P value
50 25
1.Mahmoodi et al., 2014, 2014 75 Vitamin C, Vitamin LDL-C 113.0+£7.1 100.0+7.9 0
Iran E, zinc HbA1c 9.2+0.3 9.5+0.3 1
TC 197.0+£7.1 180.0 £ 6.6 1
36 12
HbA1c(baseline) 6.6+0.3 6.6+0.3 >0.05
2.Samman et ?I., 2013, 2013 48 Zinc HbA1c (a.fter) 6.8+0.3 6.6+0.3
Australia TC(baseline) 4.0%0.3 45+0.3 >0.05
TC(after) 4.0+0.3 46+0.3
23 22
TAC (Baseline) 42+05 Not reported 0
TAC (after) 34+08
o TAC) 42+05 44+04 0
3.Vafa et al., 2015, Iran 2015 50 Vitamin E 8
FBS (median ) 121.0 (98-140) 141.0 (114.5-210.0) 0
MDA(baseline) 3214 Not reported 0
MDA(after) 2111
19 17
HbA1c(% change) 0.09+04 0.01+0.6 1
4. Lee et al., 2016, 2016 36 Zine, Chromium TC (treatment effect) -6.5 (-43 to 64) 5.5 (-106 to 108) 1
Germany LDL-C(treatment effect) -5.0 (-47to 71) 3.0 (-92 to 95) 1
HDL-C(treatment effect) 1.0 (-9.0 to 31) 0.5(-9.0t0 8.0) 1
70 24
) o BMI 29.7+8.6 31.3+25 0
5. Udupa et al., 2012, India | 2012 |94 Vitamin E
TC(mg/dL) 186.7 £ 19.3 211.1+24.4 0
FBS (mg/dL) 144.0 £21.9 146.9 £ 23.9 0

Data is presented in mean +SD, median (range) and percentage change in outcome measure level. HbA1c: glycated hemoglobin, TC: Total Cholesterol, LDL-C: Low
Density Lipoprotein Cholesterol, HDL-C: High Density Lipoprotein Cholesterol, TAC: Total Antioxidant Capacity, MDA: Malondialdehyde

Table 1: Summary description of results obtained from Randomized, double-blind placebo-controlled trial (RCT) studies.

Lead Author and Country | Year Study population | Micronutrients Outcome
T2DM with complication T2DM without complication | P value
1.Devi et al., (2016), India | 2016 80 Zinc and copper 40 40
Serum zinc(ug/dL) 89.6 +4.2 92.3+5.2 0.001
2.Tabar, M.B. (2012), Iran | 2012 80 Selenium Type 2 diabetics Control
Serum selenium(ng/ 33 47
mL)
67.9+5.8 87.0+55 <0.05
Type 2 diabetics (109) Control (100)
Copper, zinc, 534+44 1125+9.2
3.Myke-Mrl3‘§ta ?t al, 2015, 2015 209 magnesium, Serum zinc(ug/dL) . ; 0
igeria chromium Type 2 diabetics (53) Control (50)
i 11.9+29 14625
4. Olaniyan et al., 2012, 54, 103 Zinc, copper | Serum zinc(umoliL) oo 0.001
Nigeria Type 2 diabetics(55) Control (55)
5. Farid and Abulfaraj, 2013, 2013 110 Zinc, magnesium, | g Jine (ug/dL) 96.3 £24.3 130.2 + 32.0 <0.05
chromium, copper
6. Saharia ) Serum zinc (ug/dL) 79.8+134 109.7 £9.7 0.001
2013 100 Zinc -
Correlation (r) -0.804 Not reported 0.001

Data is presented in means * standard deviation

Table 2: Summary description of results obtained from Cross-sectional studies.
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Lead Author and Country Year | Study population | Micronutrients Outcome measures Type 2 diabetics
Case group (50) Control (50) | P value
) 67.5+13.8
1.Pujar et al., 2014, India | 2014 100 Z'”n‘;zcr’]‘;’;‘ﬂ;”d Serum zinc (ug/dL) -0.56 89.6 £27.7 | 0.001
Correlation ( r) - 0.001
N=40
2.Goud et al., 2016, India 2016 60 Vitamin E, iron Serum vitamin E (pg/dL) 06+04 1.4+02 0.001
HbA1c< 7% (34) HbA1c 2 7%
Zinct Serum zinc(mg/dL) 0.15+0.02 -39 0.168
3. Ramaswamy et al., 2016, India| 2016 73 magnesium, 0.13 £0.02
chromium,
calcium 60
60
. ) ) 959+ 15.7 113.9 £ 14.0
4. Mahdizadeh et al., 2014, Iran | 2014 120 Copper, Zinc Serum zinc (ug/dL) 0.001
N=130 N=40
Significant difference in plasma FBG
5. Rafighi et al., 2013, Iran 2013 170 Vitamin C and E = and HbA1c after receiving vitamin C, E Not reported Not reported <0.05
and combined vitamin C&E

Data is presented in means + standard deviation

Table 3: Summary description of results obtained from Case-control studies.

Discussion

The systematic review conducted included six cross-sectional
studies, 5 randomized double-blind controlled- clinical trials, and 5
case control studies. The results obtained from 6 cross-sectional studies
indicated that serum antioxidants micronutrients such as zinc and
selenium were significantly lowered in type 2 diabetes (selenium: 0.47
+0.03 umol/L, zinc: 18.15 + 0.33 umol/L, 53.41 + 4.35 pg/dL) compared
to healthy controls (selenium: 1.02 + 0.01, zinc: 21.86 + 0.06 umol/L,
112.46 + 9.23 pg/dL, p values<0.002). Hyperglycemia increases risk
of oxidative damage on endothelial cells, leading to atherosclerosis
in type 2 diabetes [10]. It was noted that serum zinc level had inverse
correlation with glycated hemoglobin levels of type 2 diabetic patients
[11-12]. This implies that an increase in zinc concentration in blood
will cause decrease in glycated hemoglobin in type 2 diabetics. This also
explains the role of zinc on insulin secretion, sensitivity and storage
can contribute in reducing blood glucose levels in type 2 diabetics.
Subsequently, positive effects of zinc on blood glucose can contribute
to reduce risk of oxidative stress. However, in the study by Olaniyan et
al. [13], there was no correlation between serum zinc levels and fasting
blood glucose in type 2 diabetic patients. Also, it was observed that type
2 diabetic patients with HbA1c greater than 8% had strong correlation
with regard to altered serum zinc compared to those with HbAlc less
than 8% [11]. This means that altered zinc levels can enhance increase
in blood glucose. Consequently, hyperglycemia would prevail due to
altered zinc concentration and can cause metabolic disturbance such as
dyslipidemia and oxidative stress which can lead to cardiovascular risk
in type 2 diabetes

According to Farid and Abulfaraj [11], reduced serum zinc levels
in type 2 diabetic patients may contribute to increase excretion of
antioxidant micronutrient in urine as a result to hyperglycemia in
uncontrolled diabetes. Also, it could be that, significant reduction
of antioxidant micronutrients is indicative of metabolic response to
oxidative stress occurring in patients with type 2 diabetes mellitus
[3]. According to Myke-Mbata et al. [14], reduced concentration of
antioxidant micronutrient in type 2 diabetic patients may contribute to
imbalance of antioxidant and oxidative stress in type 2 diabetes mellitus.

Furthermore, results obtained from 5 case control studies showed

serum zinc and vitamin E were significantly decreased in type 2 diabetic
patients (zinc: 67.50 pg/dL, vitamin E: 0.595 + 0.393 mg/dL) compared
to healthy controls (zinc: 89.61 + 61 pg/dL, vitamin E: 1.400 + 0.241 mg/
dL) [2,7,9]. A significant decrease in vitamin E and zinc concentrations
in type 2 diabetes explains possible decrease in antioxidant status which
would alternatively increase risk of oxidative stress from production
of free radicals. In addition, a case control study by Rafighi et al. [1]
showed supplementation of vitamin C and vitamin E for three months
had significant reduction in fasting blood glucose and HbAlc levels of
type 2 diabetic patients compared to placebo group. This implies that
given dietary vitamin C or vitamin E supplements to type 2 diabetics
can possibly reduce tissue insensitivity to insulin and stress from
oxidative free radicals and further delay cardiovascular events.

The results revealed from 5 randomized controlled-clinical placebo
trials (RCT) showed some beneficial effects when type 2 diabetic
patients were supplemented with antioxidant micronutrients such as
vitamin C and vitamin E. According to Vafa et al. [15], 200 mg/day
fortification of tocotrienol in canola oil, given to type 2 diabetic patients
for 8 weeks, reduced fasting blood glucose by 15.4% compared to type
2 diabetic patients who were given pure canola oil. Similar result was
observed by Udupa et al. [16] who found significant decreased in
fasting blood glucose in type 2 diabetic patients receiving vitamin E
supplementation as well as reduced total cholesterol at the end of study.
The result by Vafa et al. [15] showed significant improvement of total
antioxidant capacity, fasting blood glucose and reduced oxidative status
of type 2 diabetic patients who received tocotrienol enriched canola oil
at the end of study. This means vitamin E and vitamin C can inhibit or
delay oxidative damage caused by free radicals by exerting antioxidant
activities on biomolecules. An improvement in total antioxidant status
implies supplementation or dietary intake of vitamin E can counteract
oxidative stress in type 2 diabetics by mopping free radicals from
oxidative damage.

In a study by Mahmoodi et al. [17], it was found that type 2 diabetic
patients who had duration less than 7 years and received zinc plus
vitamin C supplementation had significant decreased in HbAlc level
before (HbAlc: 9.7 + 0.4%, LDL-C: 143.4 + 10.3 mg/dL) and after
(HbAlc: 10.0 £ 0.4%, LDL-C: 120.7 = 10.3 mg/dL, p=0.01, p=0.003
respectively) the study. Additionally, type 2 diabetic patients who
had duration less than 7 years and received omega-3 plus vitamin E
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supplementation had significant decreased in low density lipoprotein
cholesterol before (HbAlc: 9.7 + 0.4%, LDL-C:127.8 + 11.2 mg/dL)
and after (HbAlc: 8.8 £ 0.4% , LDL-C:113.6 + 11.2 mg/dL, p=0.001,
p=0.04 respectively) the study. It could be inferred from this study
that oxidative stress and atherosclerosis may be long progressive
complication which can weaken antioxidant defence of type 2 diabetic
patients. Apparently, supplementation of antioxidant micronutrients
did significantly improve cardiovascular risk markers of the type 2
diabetics which might counteract against possible oxidative stress in
these patients.

On a whole, results analyzed in the cross-sectional and case-control
studies did not provide enough evidence on association between serum
antioxidant micronutrients and CVD risk in type 2 diabetes mellitus,
however, antioxidant micronutrients were significantly reduced among
type 2 diabetics

Notwithstanding, some RCT showed no beneficial effects of
antioxidant micronutrients on type 2 diabetic patients and placebo
groups after intervention. A study by Samman et al. [18] showed no
beneficial effects of zinc supplementation on glycemia and lipidemia
in type 2 diabetic patients after 12 weeks’ intervention. The same result
was observed by Lee et al. [19] after 15 mg supplementation of zinc.

From the results obtained in systematic review, it is clear that “some
studies on antioxidant micronutrients of type 2 diabetes mellitus had
shown some beneficial effects of antioxidant micronutrients in reducing
cardiovascular risk parameters. However, results had been conflicting
from other studies which showed no significant effects of antioxidant
micronutrients. Hence, this becomes inconclusive on association
effects of antioxidant micronutrients in reducing risk of developing
cardiovascular diseases”, and require further research to evaluate such
effects of antioxidant micronutrients on type 2 diabetes mellitus. Also,
fewer studies on effects of antioxidant micronutrients of type 2 diabetes
mellitus had been done in sub-saharan Africa, with only two studies in
Nigeria.

Conclusion

The results support growing evidences that antioxidant
micronutrients could significantly protects type 2 diabetics against
risk of cardiovascular diseases. There is need for health promotion on
increasing intake of antioxidant micronutrients among type 2 diabetics
to reduce risk of cardiovascular diseases.

Results analyzed in RCT studies showed supplementation of vitamin
E is associated with reducing cardiovascular events in type 2 diabetes
mellitus. However, supplementation of zinc showed no association in
reducing cardiovascular diseases in type 2 diabetes mellitus.

Limitation

Majority of studies did not include dietary intakes of antioxidant
micronutrients to better conclude if type 2 diabetic patients had
adequate antioxidant micronutrients intake, to better correlate with
their serum levels and blood glucose. Also, most studies had less sample
size numbers to actually represent population of type 2 diabetic patients
so as to better elicit effects of antioxidant micronutrients status of type 2
diabetes against risk of CVDs.
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