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Introduction: Given the global prevalence of diabetes, scientists recommend supplementation with 
minerals and vitamins to control hyperglycemia in diabetic patients. The present study aimed to 
investigate the effects of separate and combined selenium and vitamin C supplementation on the 
glycemic markers of patients with type II diabetes. 

Methods: In total, 65 patients with type II diabetes were selected from the patients referring to the 
Hospital and clinics in Bushehr port, Iran. After matching the samples, the patients were randomly 
assigned to four groups. The patients in groups one, two, and three respectively received vitamin C 
(1,000 mg), selenium (100 μg), and combined selenium and vitamin C daily and at the same doses 
for three months. In addition, group four received placebo (500 mg). Fasting plasma glucose (FPG) 
and glycated hemoglobin (HbA1c) were measured before and after the intervention. 

Results: In group three, HbA1c and FPG increased significantly compared to the other groups and 
the control group. Moreover, HbA1c and FPG decreased in groups one and two after the intervention 
compared to the baseline, which was not considered significant. 

Conclusion: According to the results, supplementation with vitamin C and selenium might induce 
insulin resistance in type II diabetic patients. 
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Introduction 
Diabetes mellitus is one of the most concerning 
metabolic disorders worldwide (1). According 
to Esteghamati et al., the prevalence of diabetes 
in Iran is 11.9% (2), and the prevalence rate has 
been estimated at 9% in Bushehr port (Iran) (3), 
which is significantly higher than the other 
provinces in Iran (4). 
Vitamin C is an antioxidant that prevents tissue 
oxidation (5). Oxidation stress is a major 
contributing factor and mediator of the 
pathogenesis of type II diabetes (6). According 
to the literature, vitamin C supplementation 
could improve the complications caused by 
diabetes (7, 8) and hyperglycemia by reducing 
insulin resistance (9-12). However, these 
findings have not been confirmed in some 
studies (13). In a research in this regard, blood 
glucose was reported to increase after vitamin C 
supplementation (14).  

Selenium (Se) is a supplement that is 
recommended to patients with type II diabetes 
for the reduction of insulin resistance (15). 
Selenium acts as an insulin-mimetic agent (16). 
It is claimed that individuals with high selenium 
intake are at a lower risk of developing diabetes 
(17). However, some animal (18, 19) and human 
studies (20-22) have shown a significant 
association between the higher intake of 
selenium and insulin resistance. The National 
Health and Nutrition Examination Survey 
(NHANES) revealed a positive correlation 
between the incidence of type II diabetes and 
serum selenium levels (23, 21). Another cohort 
study of a large sample size of northern Italian 
women also confirmed the positive association 
between serum selenium and type II diabetes 
(24).  
Given the global prevalence of diabetes, 
scientists have proposed multiple approaches to 
the control of glycemia in diabetic patients, such 
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as supplementation with minerals and vitamins. 
However, conflicting results have been reported 
in these surveys. The present study aimed to 
investigate the effects of separate and combined 
selenium and vitamin C supplementation on the 
glycemic markers of in type II diabetic patients. 

Materials and Methods  
This double-blind, placebo-controlled clinical 
trial was conducted during three months on 65 
type II diabetic patients who were selected from 
the patients referring to Salman Farsi Hospital 
and Abolfazl Clinic in Bushehr, Iran. The 
patients were invited to the laboratory of 
Bushehr University of Medical Sciences by a 
letter delivered to their home and asked to fast 
the next morning. Initially, the research 
objectives were explained to the participants, 
and written informed consent was obtained 
prior to enrollment.  
The inclusion criteria of the study were 
diagnosis with type II diabetes, age of 25-65 
years, and willingness to participate in the 
study. The exclusion criteria were as follows: 1) 
fasting glucose level of >250 mg/dl; 2) other 
metabolic diseases; type I diabetes; 3) using 
antioxidant supplements within the past three 
months; 4) smoking habits and 5) thyroid 
medication, hormone replacement therapy or 
using antihypertensive drugs. In total, 65 
patients met the inclusion criteria. The required 
sample size for the intervention was predicted 
based on glycated hemoglobin (HbA1c) changes 
during selenium supplementation as reported in 
a previous study (25).  
The study protocol was approved by the Vice 
Chancellor for Research of Bushehr University 
of Medical Sciences and the ethics committee of 
the university (code: IR.BPUMS.REC, 1396.152). 
This trial has been registered in the Iranian 
Registry of Clinical Trials (code: 
IRCT20160514027879N3), and the research 
procedures were in line with the guidelines of 
the Declaration of Helsinki.  

Intervention 
Data collection was performed during three 
months, and the patients were instructed to 
comply with their routine diet in this period. 
After matching the patients in terms of age, 
gender, and body mass index (BMI), they were 
randomly assigned to four groups of 16. For the 
random allocation of the subjects to the 
intervention and groups, we used a software-

generated random list (Random Allocation 
Software version 2). Based on the provided 
random sequence, the subjects were allocated to 
each group by choosing a numbered container. 
During the allocation process, each subject was 
assigned a unique identification code, which was 
used to identify the groups at the posttest stage. 
During the study, the main researchers were 
informed on this code and the corresponding 
treatment (supplementation/placebo). All the 
participants and researchers were blinded to 
the treatments until the randomization code 
was disclosed after the intervention.  
The patients in groups one, two, and three 
respectively received vitamin C (1,000 mg), 
selenium (100 μg), and combined selenium and 
vitamin C daily at the same doses for three 
months. Group four was administered with 
calcium carbonate (500 mg) as placebo. The 
participants were advised not to change their 
routine activities and dietary habits during the 
study. To ensure their adherence, a dietary 
recall of two weekdays and one weekend was 
obtained from the patients before and after the 
intervention by a dietician. The dietary recalls 
were analyzed for macro- and micronutrient 
intake in the NUTRITIONIST IIII software 
version 7.0 (N-Squared Computing, Salem, OR, 
USA), and the activities of the participants were 
assessed using the valid international physical 
activity questionnaire (Epic-Norfolk, 2005).  
The participants were visited monthly to deliver 
the supplements. To monitor their compliance, a 
supplement chart would be recorded at each 
visit, and the used supplement packs would be 
collected. Notably, some of the patients 
discontinued supplement consumption or chose 
to withdraw from the intervention (dropouts).  
The body weight of the participants was 
measured with lightweight clothing and no 
shoes using an accurate scale (Seca 813 
Robusta, max. 200 kg, Hamburg, Germany). In 
addition, the height of the patients was 
measured using a non-stretchable measuring 
tape. BMI was obtained by the division of the 
calculated weight by the square of height.  

Biochemical Measurements 
Fasting blood samples were collected at baseline 
and after the three-month intervention period. 
The samples were promptly centrifuged at 
3000×g and the temperature of 4°C for 15 
minutes. On the day of blood sample collection 
and immediately after centrifugation, the 
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plasma of the samples was separated and 
analyzed at the laboratory of the Department of 
Nutrition and Biochemistry.  
To detect fasting plasma glucose (FPG) in the 
serum samples, we used the commercially 
available Selectra E kit autoanalyzer (Pars 
Azmoon, Tehran, Iran) in accordance with the 
instructions of the manufacturer. The limit of 
detection of the assay was 1.56 mg/dl, and the 
intra- and inter-assay coefficient of variance 
(CV) was 0.95%. In addition, HbA1c was 
measured using the commercially available Card 
kit (Nyco, Oslo, Norway), with the limit of 
detection of 0.1 mg/dl and intra- and inter-assay 
CV of <5%. 
Statistical Analysis  
Data analysis was performed in SPSS version 18 
(SPSS Inc., Chicago, IL, USA) based on the 

intention-to-treat approach. The distribution of 
the variables was evaluated by probability plots 
and Shapiro-Wilk test, and the changes in the 
biochemical values were compared between the 
groups using the analysis of variance (ANOVA). 
In addition, Tukey's correction was applied in 
case of the presence of a main effect. The 
differences between the groups in terms of 
serum glycemic parameters were analyzed 
using the analysis of covariance (ANCOVA), with 
adjustment for age, weight, gender, dietary 
selenium, vitamin C, and calorie intake. Paired t-
test was also used to compare the variables 
within the groups. In all the statistical analyses, 
the P-value of less than 0.05 was considered 
significant.  
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Results 
In total, 65 subjects met the inclusion criteria, 
and 60 completed the study. Two subjects 
moved from Bushehr province, and three 
subjects avoided continuing the project and 
were excluded (Figure 1). Table 1 shows the 
characteristics of the participants. The findings 
indicated no significant differences between the 
study groups in terms of the total energy intake, 
selenium and vitamin C intake, and body weight 
at baseline (Table 1). Moreover, no changes in 
were observed in the physical activity of the 
study groups during the study (data not shown).  

The comparison results of ANCOVA between the 
groups indicated a more significant increase in 
the HbA1c level of group three compared to the 
other groups after adjustment for age, weight, 
gender, and dietary selenium and vitamin C, and 
calorie intake (Table 2). However, the increase 
in the HbA1c and FPG levels after the 
intervention was not considered significant in 
group three compared to baseline (P>0.05) 
(Table 3). Similarly, the reduction of the HbA1c 
levels in groups one and two was not considered 
significant after the intervention compared to 
baseline. No significant changes were observed 
in the dietary energy, selenium, and vitamin C in 
the study groups during the research (Table 3).  

 
 
Table 1. Characteristics of the individuals (n=60). Means ± SD 

Characteristic 
Vitamin C 
group(15) 

Selenium group 
(15) 

Vitamin C + 
Selenium group 
(15) 

Placebo group 
(15) 

P-value 

Gender (n)   
 

  
Male 7 6 6 7 0.86 
Female 8 9 9 7 0.38 
Age (years) 57 58 59 59 0.68 
Weight (kg) 75.94± 10.92 77.07± 12.60 71.50± 11.18 77.00±11.18 0.37 
Height 158.00±10.33 160.78±9.56 163.76±10.09 160.24±9.99 0.13 
BMI (kg/m2) 29.66± 5.78 29.60± 4.16 28.27± 4.79 29.60±5.78 0.21 
HbA1C 8.42±2.29 8.20±2.65 8.50±3.12 8.20±3.12 0.42 
FPG 235.82± 64.32 229.60±74.40 238.20±87.63 235.82± 74.40 0.53 
Dietary Calorie intake 1682±342 1634±402 1699±23 1644±28 0.59 
Dietary Selenium intake 16.04±11.08 16.10±11.13 16.44±12.03 15.76±10.88 0.51 
Dietary vitamin C intake 69.12±60.31 72.46±81.69 68.20±85.09 68.19±75.33 0.84 
BMI; body mass index, HbA1C; glycosylated hemoglobin, FBS; Fasting plasma glucose 
 

Table 2. Change in variables during treatment with different gums  

Characteristi
cs 

Group 1 - Vitamin C 
Group 2 –Selenium 

 
Group 3 – Se + Vit C Group 4 -placebo 

Baseline 
After 3 
month 

Baseline 
After 3 
month 

 
Baseline 

After 3 
month 

 
Baseline 

After 3 
month 

FPG 
(mg/dL) 

235.82± 
64.32 

203.15± 
51.11 

229.60±74.
40 

202.67±46.
74 

238.20±87.
63 

254.79±80.
56 

235.82± 
74.40 

238.20±74.
40 

HbA1c (%) 8.42±2.29 7.25±1.82 8.20±2.65 7.23±1.66 8.50±3.12 9.10±2.87 8.20±3.12 8.50±2.29 
Dietary 

Selenium 
(mg/dL) 

16.04±11.
08 

15.83±12.
18 

16.10±11.1
3 

15.01±10.9
2 

16.44±12.0
3 

16.35±14.2
2 

15.76±10.
88 

16.00±12.3
8 

Dietary 
vitamin C 
(mg/dL) 

64.12±60.
31 

63.19±58.
03 

72.46±81.6
9 

70.56±85.0
9 

68.20±85.0
9 

67.91±77.2
3 

65.19±75.
33 

69.99±64.3
1 

Dietary 
Calorie 

1682±342 1646±453 1634±402 1594±531 1699±23 1678±45 1544±28 1616±502 

Weight (kg) 
75.94± 
10.92 

75.55± 
10.11 

77.07± 
12.60 

77.00± 
15.56 

71.50± 
11.18 

71.32± 
15.77 

77.00±11.
18 

77.94±11.1
8 

BMI 
(kg/m2) 

29.66± 
5.78 

29.52± 
5.71 

29.60± 4.16 29.44± 5.87 28.27± 4.79 28.13± 5.59 
29.60±5.7

8 
29.31±4.00 

All data are presented as mean ± SD. *significantly different from the baseline (p<0.05, paired t-test)  
FPG = Fasting plasma glucose; HbA1c = Glycated hemoglobin.  BMI = Body mass index.  
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Table 3 Differences between groups after intervention 
Variables/Groups 

Group 1(Vitamin C) 
Group 2 

(Selenium) 
Group 3 

(Se pluc Vit C) 
Group 4 

(Placebo) 
P value 

FPG (mg/dL) -32.66± 41.07 -26.± 51.54 16.59±50.58* 2.38 ±6.99 0.04 
HbA1c (%) -1.16±1.46 -0.96±1.84 0.59±1.80* 0.30 ±1.14 0.04 
Dietary Selenium (mg/dL) -4.17±4.56 -1.10±1.89 -0.09 ±0.42 0.24±1.05 NS 
Dietary Vitamin C  intake (mg/day) -0.93±1.28 -1. 9±1.4 -0.29 ±0.88 4.80±4.04 NS 
Dietary Calorie intake -36±76 -40±.53 -21±43 72±.69 NS 
Weight (kg) -0.39±0.85 -0.07±0.69 -0.18±0.47 0.94±1.06 NS 
BMI (kg/m2) -0.14 ±0.99 -0.16 ±0.28 -0.14±.16 -0.29±0.35 NS 
 Data are presented as mean ± SD. One way ANOVA was used to assess the effect of different treatment between groups on glycemic, 
anthropometric indices and Dietary intake. Tukey post hoc test was applied wherever an effect was observed. *Significantly different 
compared to the control group.     
FPG = Fasting plasma glucose; HbA1c = Glycated hemoglobin; BMI = Body mass index 

 

Discussion 
The results of the present study indicated a 
significant increase in the HbA1c and FPG levels 
of the diabetic patients supplemented with 
selenium and vitamin C. However, neither 
selenium nor vitamin c alone could increase 
HbA1c. In line with our findings, several reports 
have indicated that long-term dietary selenium 
supplementation could increase the incidence of 
type II diabetes (23, 26, 27). For instance, 
Czernichow et al. stated that supplementation 
with 100 micrograms of selenium and 120 
milligrams of vitamin C could significantly 
increase blood glucose (28), In addition, 
Hercberg et al. and Zhang et al. have confirmed 
that long-term daily supplementation with 
selenium and vitamin C may significantly 
increase the risk of metabolic syndrome (29, 
30). Consistently, numerous findings have 
shown an association between high levels of 
plasma selenium and elevated FPG (21, 23, 24, 
27, 31).  
According to the animal studies in this regard, 
the mechanisms that may explain the pathway 
of destruction in insulin sensitivity following the 
prescription of a high dose of selenium are 
glycolysis in the muscles (31) and release of 
glucagon following high selenium intake 
(33). Furthermore, some human studies have 
indicated a positive, significant correlation 
between selenium-dependent enzyme activity 
(glutathione peroxidases [GPx]) and insulin 
resistance (34). Accordingly, selenium intake of 
more than 55 micrograms per day (34) could 
lead to the overexpression of GPx1 and the 
subsequent production of reactive oxygen 
species (ROS) (36-38).  
High levels of ROS reduce some transcription 
factors (e.g., mitochondrial uncoupling protein 
2), which are essential to the signaling process 
in pancreatic β cells. In fact, β cell apoptosis has 

been reported to occur in the presence of high 
ROS (39, 40). In addition, excess ROS is 
associated with insulin resistance (6, 41) since 
increased ROS suppress serine/threonine 
kinases, which in turn reduces the 
phosphorylated insulin receptor (42) and 
terminates insulin sensitivity (43-46). Some 
studies have also shown that high selenium 
intake triggers the production of forkhead box 
protein O1, which is a transcription factor that 
blocks the insulin signaling pathway, thereby 
suppressing the production of the enzymes 
involved in glucose catabolism (47).  
Low doses of selenium could stimulate glucose 
uptake in the adipocytes by activating glucose 
transporters (15, 41). However, high-dose 
selenium supplementation or the ingestion of 
other elements that enhance selenium uptake 
may not have beneficial effects in this regard. In 
a study, Pinto et al. (47) reported increased 
plasma insulin following 16 weeks of 
supplementation with 0.50 milligrams of 
selenium per kilogram compared to the 
concentration of 0.17 mg/kg in an animal model. 
In addition, the findings of Rasekh et al. (48) 
demonstrated that the peritoneal injection of 
selenium to rats led to hyperglycemia in a dose-
dependent manner. Therefore, it could be 
inferred that selenium has a narrow therapeutic 
index (49, 50).  
Some agents such as vitamin C could increase 
selenium uptake (51), and it is assumed that the 
consumption of vitamin C with selenium in the 
present study led to increased selenium 
absorption. In our previous study, a significant 
increase was observed in GPX following the 
administration of vitamin C (200 mg/d) (52). In 
the current research, the synergistic effects of 
selenium and vitamin C on GPX and ROS might 
explain the effects of selenium and vitamin C 
combination on insulin resistance in the type II 
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diabetic patients. Notably, vitamin C has 
antioxidative and pro-oxidative properties. In an 
in-vivo study, Podmore et al. reported the 
potential pro-oxidative effects of vitamin C on 
DNA base oxidation (53). Another research also 
indicated that the co-supplementation of 
vitamin C and iron led to the oxidative 
destruction of the DNA (54). It is hypothesized 
that the pro-oxidative properties of vitamin C 
may increases the ability of selenium in inducing 
ROS production. 
The main limitation of the present study was 
that we did not measure serum selenium, which 
could have further validated our findings and 
should be considered in further investigations.  

Conclusion 
According to the results, supplementation with 
vitamin C and selenium could induce insulin 
resistance in type II diabetic patients.  
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