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A B S T R A C T   

Background and aim: It has been suggested that taking vitamin C supplements may improve glycemic control in 
patients with type 2 diabetes mellitus (T2DM). However, there has not been a thorough evaluation of the actual 
impact or certainty of the findings. This systematic review and meta-analysis was conducted to determine the 
effect of vitamin C supplementation on glycemic profile in T2DM patients. 
Methods: A systematic search was performed across online databases including Scopus, Web of Science, and 
PubMed/Medline to identify relevant randomized controlled trials (RCTs) published until July 2022. A random- 
effects model was applied for the meta-analysis. 
Results: The present meta-analysis included a total of 22 RCTs with 1447 patients diagnosed with T2DM.A pooled 
analysis revealed a significant decrease in levels of serum hemoglobin A1c (HbA1c), fasting insulin, and fasting 
blood glucose (FBG) in vitamin C-treated T2DM patients compared with their untreated counterparts. The dose- 
response evaluation displayed a substantial linear association between the intervention duration and changes in 
serum HbA1c levels. However, the analysis did not demonstrate any significant effect of vitamin C on serum 
values of homeostasis model assessment of insulin resistance(HOMA-IR) in diabetic patients. Subgroup analyses 
indicated that high-dose vitamin C administration (≥1000 mg/d) considerably decreased serum HOMA-IR levels. 
Conclusion: These findings suggest that long-term (≥12 weeks) and high-dose vitamin C supplementation (≥1000 
mg/d) may ameliorate glycemic profile in T2DM patients. However, additional high-quality RCTs are necessary 
to validate these results.   
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1. Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic condition that results 
from insufficient insulin secretion or insulin resistance [1]. Diabetes 
affects almost half a billion people globally, and this number is expected 
to reach 700 million by 2045 [2]. The prevalence of abnormal glucose 
tolerance in the adult population is projected to be 8.0% in 2030, 
increasing to 8.6% by 2045 [3]. Poor glycemic control can lead to 
complications such as retinopathy, neuropathy, and nephropathy [4]. 
Physical activity (PA), diet, and dietary supplements have been pro-
posed as potential ways to improve T2DM complications [5–9]. In 
addition, there is evidence to suggest that oxidative stress and chronic 
low-grade inflammation may contribute to the progression, complica-
tions, and onset of T2DM. Therefore, consuming a healthy diet rich in 
antioxidants may be beneficial in reducing the risk of T2DM [10,11]. 

Consuming an optimal amount of antioxidants may lower the risk of 
developing T2DM and diabetic complications [10]. Antioxidant vitamin 
supplements can help to normalize levels of lipid peroxidation and 
cellular markers of oxidative stress [12]. Ascorbic acid (AA), which is a 
major component of vitamin C, has antioxidant properties [13]. It can be 
obtained from fruits and vegetables or taken as a dietary supplement 
[14]. Previous research has shown a negative relationship between 
vitamin C levels and the risk of T2DM [15,16]. Oxidative reactions may 
contribute to the progression of T2DM by causing insulin resistance and 
impeding insulin secretion [17]. The antioxidant capacity of vitamin C 
can help to reduce oxidative stress and lower the risk of T2DM [18]. 

The impacts of supplementation with vitamin C on glycemic profile 
in T2DM patients and the certainty of evidence were equivocal in 

previous studies [19–22]. Some studies have reported that taking 
vitamin C supplements can significantly reduce the levels of hemoglobin 
A1c (HbA1c) and fasting blood glucose (FBG) in the blood [19,20]. 
However, another study found no significant impact of vitamin C sup-
plements on HbA1c, FBG, or insulin levels [21]. 

Although vitamin C supplementation plays an essential role in 
treating diabetes, its effects on patients with T2DM have not been 
thoroughly examined. While a recent meta-analysis evaluated the 
effectiveness of vitamin C supplementation to improve glycemic control 
in T2DM patients [23], it did not include several randomized controlled 
trials (RCTs) [24–26]. Therefore, a new systematic review and 
meta-analysis were conducted to investigate the impact of vitamin C 
supplementation on the glycemic profile of patients with T2DM. 

2. Methods 

The Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) framework was utilized in conducting this system-
atic review and meta-analysis [27]. The protocol of the study was 
registered in the international prospective register of systematic reviews 
(PROSPERO) (registration number: CRD42021289736). 

2.1. Search strategy 

A single reviewer conducted a comprehensive search of Scopus, 
PubMed/Medline, and Web of Science databases to identify relevant 
randomized controlled trials (RCTs) published until July 2022. Two 
separate reviewers (ZN and FH) evaluated the articles and selected 

Fig. 1. Flowchart of study selection.  
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Table 1 
Characteristics of included studies in the meta-analysis.  

Study country Study 
design 

Sex Study 
duration 
(weeks) 

Sample size 
(interventions/ 
controls) 

Participant’s age 
(years) 

Participant’s BMI 
(kg/m2) 

Intervention 

IG CG IG CG IG CG IG CG 

Paolisso et al., 
1995 [10] 

Italy Cross- 
over 

M/F 
(19/ 
21) 

16 40 40 72 ±
0.5 

72 ±
0.5 

27.7 
± 0.3 

27.7 
± 0.3 

Vitamin C 500 mg (2/ 
day) 

Placebo 

Evans et al., 2003 
[24] 

United 
Kingdom 

Parallel M/F 
(17/ 
3) 

6 10 10 52.7 
± 6.9 

53.6 
± 7.9 

29⋅2 28⋅6 Vitamin C 1000 mg 
(1/day) 

Placebo-insulin 

Lu et al., 2005 
[22] 

Sweden Cross- 
over 

M/F 
(12/ 
5) 

2 17 17 54.00 54.00 NR NR Vitamin C 1000 mg 
(3/day) 

Placebo 

Chen et al., 2006 
[36] 

USA Parallel M/F 
(13/ 
19) 

4 15 17 49 ±
7.7 

47 ±
12.3 

34.00 36.00 Vitamin C 800 mg (1/ 
day) 

Placebo 

Tousoulis et al., 
2007 [37] 

Greece Parallel M/F 
(14/ 
12) 

4 13 13 59.1 
± 8.65 

60.9 
±

11.17 

29.10 28.00 Vitamin C 2000 mg 
(1/day) 

No treatment 

Dakhale et al., 
2011 [38] 

India Parallel M/F 
(28/ 
38) 

12 33 33 48.33 
± 7.9 

45.88 
± 8.1 

NR NR Vitamin C 500 mg (2/ 
day) 

Placebo-metformin 

Shakouri- 
Mahmoudabadi 
et al., 2011(A) 
[20] 

Iran Parallel M 
(34) 

8 17 17 52.6 
± 5.4 

50.3 
± 8.9 

29.30 28.90 Vitamin C 200 mg (1/ 
day) 

Placebo 

Shakouri- 
Mahmoudabadi 
et al., 2011(B) 
[20] 

Iran Parallel M 
(31) 

8 15 16 52.1 
± 6.3 

54.2 
± 4.8 

29.3 
± 4.2 

30.4 
± 3.4 

EPA 500 mg (1/day) 
+ vitamin C 200 mg 
(1/day) 

EPA 500 mg (1/ 
day) + placebo 

Rafighi et al., 
2011 (A) [39] 

Iran Parallel M/F 
(40/ 
39) 

12 39 40 54.40 
± 4.74 

51.09 
± 7.83 

30.43 
± 3.91 

29.29 
± 3.17 

Vitamin C 266.7 mg 
(3/day) 

Placebo 

Rafighi et al., 
2011 (B) [39] 

Iran Parallel M/F 
(44/ 
42) 

12 43 43 51.26 
± 5.83 

52.47 
± 5.53 

33.17 
± 3.32 

30.86 
± 3.76 

Vitamin C 266.7 mg 
(3/day), vitamin E 
300 IU (3/day) 

Vitamin E 300 IU 
(3/day) 

Bhatt et al., 2012 
[40] 

India Parallel M/F 
(17/ 
44) 

12 30 29 57.53 
± 7.44 

63.17 
± 9.07 

25.82 24.92 Vitamin C 500 mg (1/ 
day) 

No treatment 

Siavash et al., 
2014 [41] 

Iran Parallel M/F 
(12/ 
18) 

6 15 15 53.47 
± 9.95 

52.53 
± 8.97 

26.7 
± 4.8 

28.0 
± 3.6 

Vitamin C 1000 mg 
(1/day), gemfibrozil 
600 mg (1/day) 

Gemfibrozil (600 
mg) 

Ghaffari et al., 
2015 [42] 

Iran Parallel M/F 
(13/ 
17) 

8 17 14 51.9 
± 5.92 

51.9 
± 5.92 

NR NR Vitamin C 800 mg (1/ 
day) 

Placebo 

Nayaka et al., 
2015 (A) [26] 

India Parallel M/F 
(60) 

8 28 14 48 47.26 26.7 26.8 Vitamin C 500 mg (2/ 
day), glibenclamide 5 
mg (2/d) 

Glibenclamide 5 mg 
(2/d) 

Nayaka et al., 
2015 (B) [26] 

India Parallel M/F 
(60) 

8 27 14 48.33 47.26 26.7 26.8 vitamin C 500 mg (4/ 
day), glibenclamide 5 
mg (2/d) 

Glibenclamide 5 mg 
(2/d) 

Mason et al., 2016 
[43] 

Australia Cross- 
over 

M/F 
(12/ 
2) 

16 14 14 59.4 
± 3.5 

59.4 
± 3.5 

30.60 30.70 Vitamin C 500 mg (2/ 
day) 

Placebo 

Sanguanwong 
et al., 2016 [44] 

Thailand Parallel M/F 
(100) 

8 50 50 57.50 58.00 25.40 25.60 Vitamin C 1000 mg 
(1/day) 

Placebo 

Hamed et al., 
2016 [25] 

Palestine Parallel M/F 
(20/ 
19) 

12 19 20 36–60 40–60 27–31 27–32 Vitamin C 500 mg (2/ 
day) 

No treatment 

Gillani et al., 
2017 [45] 

Malaysia Parallel M/F 
(281) 

48 139 142 38.12 
± 8.16 

37.93 
± 7.89 

23.50 24.30 Vitamin C 500 mg (1/ 
day) 

Placebo-metformin 

El-Aal et al., 2018 
(A) [46] 

Palestine Parallel M 
(20) 

12 10 10 51.02 51.02 33.86 29.43 Vitamin C and 
metformin 500 mg 
(2/day) 

Placebo-metformin 
500 mg (2/day) 

El-Aal et al., 2018 
(B) [46] 

Palestine Parallel M 
(20) 

12 10 10 51.02 51.02 30.74 29.82 Metformin500mg (2/ 
day), vitamin C 500 
mg (2/day), vitamin E 
400 mg (2/day) 

Metformin500mg 
(2/day), vitamin E 
400 mg (2/day) 

Froghi et al., 2018 
[47] 

Iran Parallel M/F 
(37/ 
41) 

8 38 40 56/87 
± 6/ 
59 

56/48 
± 5/ 
46 

27/56 27/47 250 mg (2/day) Placebo 

Mason et al., 2018 
[21] 

Australia Parallel M/F 
(26/ 
5) 

16 31 31 61.8 
± 6.8 

61.8 
± 6.8 

29.1 
± 3.1 

29.1 
± 3.1 

500 mg (2/day) Placebo 

(continued on next page) 
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eligible RCTs based on the established inclusion criteria. The following 
medical subject headings (MeSH) and non-MESH were selected in the 
search strategy: ((“ascorbic acid” OR “vitamin C” OR “ascorbate”) AND 
(“T2DM” OR “Type 2 diabetes” OR “diabetes”) AND (“controlled trial” 
OR “intervention” OR “random” OR “randomly” OR “clinical trial” OR 
“placebo” OR “randomized controlled trial” OR “trial” OR “randomized 
clinical trial” OR “blinded” OR “RCT” OR “double-blinded” OR “double- 
blind” OR “Cross-Over” OR “parallel”). 

2.2. Study selection criteria 

The EndNote reference management software was used to import the 
identified references. Two reviewers (ZN and FH) independently 
screened the titles and abstracts of the articles. Any discrepancies were 
resolved through discussion or with the help of a third investigator (OA). 
This systematic review and meta-analysis included all RCTs (with par-
allel or crossover design) that investigated the impact of vitamin C 
supplementation on the levels of FBG, HbA1c, homeostasis model 

assessment of insulin resistance(HOMA-IR), and fasting insulin in T2DM 
patients who received vitamin C treatment compared to those who did 
not. 

Included RCTs in this review involved adult patients diagnosed with 
T2DM and had a parallel or cross-over design with a control or placebo 
group. They lasted for more than 2 weeks and had pre-post measure-
ments of the selected outcomes in both groups at the endpoint and 
baseline. The study focused on assessing the effects of vitamin C sup-
plementation on glycemic indices in T2DM patients and did not consider 
vitamin C as part of a multi-component supplement in the intervention 
or control group. RCTs that did not meet these criteria, such as uncon-
trolled or non-placebo-controlled studies, studies with participants 
below 18 years of age, studies lasting less than 2 weeks, non-RCTs or 
observational studies, and studies that had insufficient data on the 
selected outcomes at baseline or follow-up measurements, were 
excluded. 

Table 1 (continued ) 

Study country Study 
design 

Sex Study 
duration 
(weeks) 

Sample size 
(interventions/ 
controls) 

Participant’s age 
(years) 

Participant’s BMI 
(kg/m2) 

Intervention 

IG CG IG CG IG CG IG CG 

Kunsongkeit 
et al., 2019 [48] 

Thailand Parallel M/F 
(9/ 
22) 

8 15 16 59.87 
± 11.3 

57.94 
± 14.0 

NR NR 500 mg (1/day) Placebo 

Ragheb et al., 
2020 [50] 

Egypt Parallel M/F 
(10/ 
23) 

8 20 13 55.95 
± 7.49 

57.15 
± 8.41 

34.40 32.31 500 mg (1/day) No treatment 

Devanandan 
et al., 2020 [49] 

India Parallel M/F 
(84/ 
51) 

36 68 67 48.2 
± 7.2 

41.6 
± 8.2 

23.20 24.30 500 mg (1/day) Placebo-metformin 

Abbreviations: IG, intervention group; CG, control group; NR, not reported; F, female; M, male; NR, not reported; EPA, eicosapentaenoic acid. 

Table 2 
Quality assessment.  

Study Random 
sequence 
generation 

Allocation 
concealment 

Selective 
reporting 

Other 
sources of 
bias 

Blinding 
(participants and 
personnel) 

Blinding 
(outcome 
assessment) 

Incomplete 
outcome data 

General 
quality 

Paolisso et al., 1995 [10] L L L U L U L Good 
Evans et al., 2003 [24] H U L H H H L Weak 
Lu et al., 2005 [22] L L U L U U L Good 
Chen et al., 2006 [36] U L L H L H L Fair 
Tousoulis et al., 2007 

[37] 
U H L U H H L Weak 

Dakhale et al., 2011 [38] L L H U L H L Weak 
Shakouri- 

Mahmoudabadi et al., 
2011 [20] 

U U L U L U L Good 

Rafighi et al., 2011 [39] H H L L H U L Weak 
Bhatt et al., 2012 [40] H U L L L L L Fair 
Siavash et al., 2014 [41] L L U H H H L Weak 
Ghaffari et al., 2015 [42] H L L H L L L Fair 
Nayaka et al., 2015 [26] H U L U L L L Good 
Mason et al., 2016 [43] L L U L L U L Good 
Sanguanwong et al., 

2016 [44] 
L L U U L U L Good 

Hamed et al., 2016 [25] H U H H H U L Weak 
Gillani et al., 2017 [45] L L U U H H L Fair 
El-Aal et al., 2018 [46] U H L H H H L Weak 
Froghi et al., 2018 [47] L L L U L U L Good 
Mason et al., 2018 [21] L L L U L U L Good 
Kunsongkeit et al., 2019 

[48] 
L L U H L U H Fair 

Ragheb et al., 2020 [50] L H H H H H L Weak 
Devanandan et al., 2020 

[49] 
L U H H U U L Fair 

Abbreviations: L, low risk of bias; H, high-risk of bias; U, unclear risk of bias. 
General quality: Good<2 high-risk of bias; Fair = 2 high-risk of bias, Weak> 2 high-risk of bias. 
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2.3. Data extraction 

The necessary information was extracted by two independent re-
searchers (ZN and FH) from eligible full-text articles. They discussed any 
differences and came to a consensus. They gathered data on various 
aspects of the studies, such as the publication year, sample size, study 
design, first author’s name, trial duration and location, and dose of 
vitamin C supplement. Additionally, they collected demographic infor-
mation about the participants, such as mean age, BMI, and gender. Pre- 
and post-measurements of selected outcomes at baseline and endpoints 
of the study were also collected. The primary outcomes were serum 
levels of FBG, fasting insulin, HOMA-IR, and HbA1c. 

2.4. Risk of bias assessment 

Two independent investigators (ZN and FH) appraised the quality of 
RCTs based on the Cochrane risk of bias (RoB) tool [28]. It identified 
probable sources of bias comprising blinding of participants and 
outcome evaluation, allocation concealment, selective reporting, 
random sequence generation, incomplete outcome data, and other 
sources of bias. Unclear, high, and low risk of bias scores were consid-
ered for each domain [28]. 

2.5. Certainty assessment 

The quality of evidence was evaluated using the GRADE (Grading of 
Recommendations Assessment, Development, and Evaluation) guide-
line, which classifies it into categories such as high, moderate, low, or 
very low [29]. 

2.6. Statistical analysis 

The meta-analysis was conducted using Stata software (version 14). 
The changes in glycemic indices due to vitamin C supplementation were 
analyzed using weighted mean differences (WMDs) and 95% confidence 
intervals (CIs) to determine the effect size. Mean and standard deviation 
(SD) were used to report the outcome measures. The effect size was 
calculated as the mean difference between the interventional and con-
trol groups at baseline and endpoints. In addition, the subsequent for-
mula was employed to compute SD changes from baseline to the 
endpoints:√ SD [2] baseline + SD [2] final – (2 × R × SD baseline × SD final) 
[30]. Pooled WMDs were computed using the random-effects model 
[31]. Heterogeneity between trials was assessed using the I2 statistic 
[32]; I2 values of 75%, 25%, and 50% were allocated as high, low, and 
medium heterogeneity, respectively [33]. 

Sub-group analyses were performed to identify potential reasons for 

differences between the studies. They analyzed the data based on the 
dosage of vitamin C administered (<1000 mg/day vs. ≥1000 mg/day) 
and the length of the trials (<12 weeks vs. ≥12 weeks). Leave-one-out 
sensitivity analyses were carried out to identify the impact of each 
trial on the overall analysis. Furthermore, funnel plots, Begg’s and 
Egger’s tests were used to detect any potential publication bias [34]. A 
p-value <0.05 was used to determine statistical significance. A frac-
tional polynomial model wasapplied to detect any potential non-linear 
relationship between vitamin C dosage (mg/day) and trial duration 
(weeks). Furthermore, they employed meta-regression to assess any 
linear correlation between vitamin C dosage, intervention duration, and 
effect size [35]. 

3. Results 

3.1. Study selection 

A primary multi-database search identified 3305 records. After removing 
duplicates (n = 692), 2613 records were screened and 2586 reports were 
omitted. The full texts of 27 articles were evaluated and 22 eligible RCTs 
[10,20–22,24–26,36–50] were identified for this meta-analysis (Fig. 1). 

3.2. Study characteristics 

The current systematic review and meta-analysis included 22 RCTs 
that enrolled 1447 T2DM patients. The characteristics of the trials were 
summarized in Table 1. Nineteen trials had a parallel design, while three 
were cross-over studies [10,22,43]. The articles were published between 
1995 and 2020. These trials were carried out in the United States (US) 
[36], Iran [20,39,41,42,47], the United Kingdom (UK) [24], Italy [10], 
Sweden [36], Australia [21,43], Greece [37], India [26,38,40,49], 
Thailand [44,48], Malaysia [45], Palestine [25,46], and Egypt [50]. The 
length of interventions and sample sizes ranged from 2 to 48 weeks and 
7 to 139 diabetic patients, respectively. The mean age and body mass 
index (BMI) of the participants ranged from 36 to 72 years and 
25.4–34.4 kg/m2, respectively. The majority of RCTs (n = 20) were 
performed among both sexes, while two studies included only men [46, 
51]. A daily dose of vitamin C was between 250 and 2000 mg. 

3.3. Risk of bias assessment 

Risk of bias evaluation was provided for 22 eligible RCTs in Table 2. 
Eight studies had good quality in all domains of bias [10,20,21,26,43, 
44,47,52]. The quality of six [36,40,42,45,48,49] and eight trials [24, 
25,37–39,41,46,50] were fair and poor, respectively. 

Table 3 
GRADE profile of vitamin C supplementation for FBG, fasting insulin, HbA1c, and HOMA-IR scores in the T2DM patients.  

Quality assessment Summary of findings Quality of 
evidence 

Outcomes Risk of bias Inconsistency Indirectness Imprecision Publication Bias Number of 
intervention/control 

WMD (95%CI) 

FBG No serious 
limitations 

Very seriousa No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

736/736 − 10.67 (− 18.46, 
− 2.89) 

⊕⊕◯◯ 
Low 

Fasting 
insulin 

No serious 
limitations 

Very seriousb No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

259/253 − 1.74 (− 3.16, 
− 0.33) 

⊕⊕◯◯ 
Low 

HbA1c No serious 
limitations 

Very seriousc No serious 
limitations 

No serious 
limitations 

No serious 
limitations 

623/624 − 0.51 (− 0.81, 
− 0.20) 

⊕⊕◯◯ 
Low 

HOMA-IR No serious 
limitations 

Very seriousd No serious 
limitations 

Serious 
Limitationse 

No serious 
limitations 

143/140 − 0.85 (− 2.04, 
0.33) 

⊕◯◯◯ 
Very low 

Abbreviations: FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment for iInsulin resistance. 
a The test for heterogeneity is significant, and the I2 is moderate, 85.6%. 
b The test for heterogeneity is significant, and the I2 is moderate, 82.6%. 
c The test for heterogeneity is significant, and the I2 is moderate, 89.6%. 
d The test for heterogeneity is significant, and the I2 is moderate, 86.9%. 
e Values are distributed in opposite directions across studies. 
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Fig. 2. Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of vitamin C supplementation on; a) fasting blood glucose 
(FBG), b) fasting insulin, c) hemoglobin A1c(HbA1c), and d) homeostasis model assessment for insulin resistance(HOMA-IR). Y-axis: the zero-line, x-axis: changes in a 
variable; the dotted red vertical line: mean difference, DL: The DerSimonian and Laird is a method to estimate the between-study variance, horizontal lines: con-
fidence interval of each study, singular dot in the middle of horizontal lines: mean changes of each study. 
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3.4. GRADE assessment 

The certainty of evidence was determined by applying the GRADE 
protocol for measured outcomes (Table 3). There was a low certainty of 
the evidence for FBG, fasting insulin, and HbA1C outcomes due to the 
risk of inconsistency. HOMA-IR outcome was considered to have a very 
low quality of evidence and was downgraded for the serious risk of 
imprecision and inconsistency. 

3.5. Effect of vitamin C supplementation on serum FBG 

Twenty-two RCTs [10,20–22,24–26,36–50] with 1447 participants 
(n = 773 vitamin C group, n = 745 control group) were selected for this 
meta-analysis; the pooled analysis indicated that supplementation with 
vitamin C effectively decreased serum levels of FBG in vitamin C-treated 
T2DM patients compared with their untreated counterparts (WMD: 
10.67 mg/dL, 95% CI: 18.46, − 2.89; P = 0.007). In addition, there was 
substantial between-studies heterogeneity (I2 = 88.0%, P < 0.001) 
(Fig. 2A). Sub-group analyses identified similar outcomes in RCTs that 

Fig. 2. (continued). 
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used high daily doses of vitamin C (≥1000 mg) and had a longer 
duration (≥12 weeks) (Table 4). 

3.6. Effect of vitamin C supplementation on serum fasting insulin 

The impact of supplementation with vitamin C on serum fasting in-
sulin levels was assessed in 10 RCTs [10,21,24,36,42–44,46,47,50] that 
involved 450 T2DM patients (259 cases and 253 controls). The pooled 
estimation from random-effects models revealed a significant reduction 
in serum fasting insulin values between the two groups (WMD: 1.74 
uU/mL, 95% CI: 3.16, − 0.33; P = 0.016) with significant heterogeneity 
between trials (I2 = 80.9%, p < 0.001) (Fig. 2B). Similar results were 
observed in subgroup analyses of trials with a duration ≥12 weeks and 
high-dose vitamin C supplementation (≥1000 mg/d) (Table 4). 

3.7. Effect of vitamin C supplementation on serum HbA1c 

The meta-analysis of 18 trials (21 arms) [10,20–22,24,25,38,39, 
41–50] with 1247 participants indicated a significant reduction in serum 
values of HbA1c in the vitamin C-treated group compared to controls 
(WMD: 0.51%, 95% CI: 0.81, − 0.20; p = 0.001) with a high degree of 
between-study heterogeneity (I2 = 90.4%, p < 0.001) (Fig. 2C). Out-
comes were similar based on sub-analyses in trials with duration ≥12 
weeks and vitamin C dose ≥1000 (mg/d) (Table 4). 

3.8. Effect of vitamin C supplementation on serum HOMA-IR 

Five trials [36,44,46,47,50] with six effect sizes and 283 participants 
explored the effect of vitamin C administration on serum HOMA-IR 
levels (intervened versus untreated group); the meta-analysis did not 
detect any considerable differences in serum HOMA-IR values between 
the two groups (WMD: 0.85, 95% CI: 2.04, 0.33; P = 0.157) (Fig. 2D). In 
addition, there was considerable heterogeneity between studies (I2 =

86.9%, p < 0.001). Subgroup analysis displayed a substantial reduction 
in serum HOMA-IR levels in trials with the administration of high-dose 
vitamin C (≥1000 mg/d) (Table 4). 

3.9. Publication bias 

There were different degrees of asymmetry for all evaluated out-
comes when the funnel plots were visually inspected (Fig. 7). No pub-
lication bias was exhibited by Begg’s and Egger’s tests for all outcomes 
(fasting insulin, HbA1c, FBG, and HOMA-IR). 

3.10. Linear and non-linear dose-response relations 

There was no linear (Figs. 5 and 6) and non-linear (Figs. 3 and 4) 
association between vitamin C dose and trial duration with changes in 
serum FBG, fasting insulin, and HOMA-IR based on the dose-response 
evaluation. However, a substantial linear relationship (P < 0.001; 

Table 4 
Subgroup analyses of vitamin C supplementation on glycemic control in patients with T2DM.   

Number of effect sizes WMD (95%CI) P within group heterogeneity 

P heterogeneity I2 P between sub-groups 

Subgroup analyses of vitamin C supplementation on FBG level (mg/dL) 

Overall effect 26 − 10.67 (− 18.46, − 2.89) 0.007 <0.001 88.0%  

Trial duration (week) 
<12 14 − 8.15 (− 21.87, 4.98) 0.224 <0.001 85.5% 0.575 
≥12 12 − 12.93 (− 23.22, − 2.63) 0.014 <0.001 90.6% 
Vitamin C Dose (mg/d) 
<1000 13 − 8.73 (− 21.42, 3.95) 0.177 <0.001 90.9% 0.074 
≥1000 13 − 12.86 (− 22.78, − 2.94) 0.011 <0.001 83.9% 

Subgroup analyses of vitamin C supplementation on fasting insulin level (uU/mL) 

Overall effect 11 − 1.74 (− 3.16, − 0.33) 0.016 <0.001 80.9%  

Trial duration (week) 
<12 6 − 1.26 (− 4.08, 1.55) 0.379 <0.001 83.3% 0.604 
≥12 5 − 2.17 (− 4.11, − 0.22) 0.029 0.001 79.9% 
Vitamin C Dose (mg/d) 
<1000 5 − 0.29 (− 2.34, 1.75) 0.779 0.176 36.8% 0.123 
≥1000 6 − 2.49 (− 4.38, − 0.59) 0.010 <0.001 87.3% 

Subgroup analyses of vitamin C supplementation on HbA1c (%) 

Overall effect 21 − 0.51 (− 0.81, − 0.20) 0.001 <0.001 90.4%  

Trial duration (week) 
<12 10 − 0.23 (− 0.48, 0.01) 0.064 0.009 58.8% 0.045 
≥12 11 − 0.82 (− 1.30, − 0.31) 0.001 <0.001 94.0% 
Vitamin C Dose (mg/d) 
<1000 11 − 0.65 (− 1.18, − 0.13) 0.014 <0.001 92.2% 0.263 
≥1000 10 − 0.33 (− 0.55, − 0.11) 0.003 0.004 63.1% 

Subgroup analyses of vitamin C supplementation on HOMA-IR 

Overall effect 6 − 0.85 (− 2.04, 0.33) 0.157 <0.001 86.9%  

Trial duration (week) 
<12 4 − 0.48 (− 1.86, 0.89) 0.490 <0.001 87.4% 0.626 
≥12 2 − 1.82 (− 5.88, 2.24) 0.380 <0.001 93.0% 
Vitamin C Dose (mg/d) 
<1000 4 0.18 (− 0.43, 0.80) 0.566 0.297 18.6% <0.001 
≥1000 2 − 2.54 (− 4.99, − 0.09) 0.042 0.011 84.4% 

Abbreviations: CI, confidence interval; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment of Iinsulin resistance; WMD, 
weighted mean differences; T2DM, type 2 diabetes mellitus. 
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Fig. 6C) was found between intervention duration and changes in serum 
levels of HbA1c. 

3.11. Sensitivity analysis 

Sensitivity analyses depicted that the outcomes related to serum 
levels of FBG, HOMA-IR, and HbA1c were not influenced by removing 
any specific study. Meanwhile, after excluding one study [43], the re-
sults for serum fasting insulin levels were changed. 

4. Discussion 

This meta-analysis aimed to investigate the effects of vitamin C 
supplementation on glycemic profile in patients with T2DM. The results 
showed a significant decrease in serum levels of HbA1c, fasting insulin, 
and FBG in T2DM patients treated with vitamin C compared to those 
who were not treated. Subgroup analyses revealed similar outcomes in 
RCTs that administered high daily doses of vitamin C (≥1000 mg) for a 
longer duration (≥12 weeks). The dose-response evaluation showed a 
significant linear association between intervention duration and 
changes in serum levels of HbA1c. However, there was no significant 
effect of vitamin C on serum levels of HOMA-IR. Subgroup analyses 

indicated a significant decrease in serum HOMA-IR values in trials with 
high-dose vitamin C administration (≥1000 mg/d). 

A recent review that examined the effects of vitamin C supplemen-
tation on glycemic control in T2DM patients found similar results to the 
present study, but it did not include some relevant RCTs [23]. On the 
other hand, a different meta-analysis that included 22 RCTs suggested 
that vitamin C supplementation did not improve the glycemic profile of 
T2DM patients [53]. However, the majority of the studies in that review 
did not report baseline levels of vitamin C, so the impact of preexisting 
vitamin C deficiency could not be determined. Additionally, the studies 
did not report dietary intake of vitamin C [53]. 

Patients with T2DM who have low serum levels of AA may benefit 
from vitamin C supplementation, as it may lower seum levels of FBG and 
fasting insulin, or improve insulin resistance [36]. Previous studies have 
shown that T2DM patients tend to have lower serum vitamin C levels 
compared to healthy individuals [54,55]. There are several possible 
explanations for this hypovitaminosis C in T2DM patients. One possible 
reason is the structural similarity between AA and glucose, which may 
reduce the rate of reconversion of intracellular DHA to ascorbate during 
hyperglycemic conditions, possibly due to increased oxidative stress 
[17]. Additionally, the excessive formation of free radicals related to 
hyperglycemia can further diminish the antioxidant capacity of vitamin 

Fig. 3. Non-linear dose-response relations between daily dose (mg) of vitamin C supplementation and absolute mean differences in (a) fasting blood glucose (FBG), 
(b) fasting insulin, (c) hemoglobin A1c(HbA1c), and (d) homeostasis model assessment of insulin resistance (HOMA-IR). The 95% CI (confidence interval) is 
demonstrated in the shaded parts. 
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Fig. 4. Non-linear dose-response relations between intervention duration (weeks) of vitamin C supplementation and absolute mean differences in (a) fasting blood 
glucose (FBG),(b) fasting insulin,(c) hemoglobin A1c(HbA1c), and (d) homeostasis model assessment of insulin resistance (HOMA-IR). The 95% CI (confidence 
interval) is demonstrated in the shaded parts. 
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Fig. 5. Linear dose-response relations between daily dose (mg) of vitamin C supplementation and absolute mean differences in (a) fasting blood glucose (FBG), (b) 
fasting insulin, (c) hemoglobin A1c(HbA1c), and (d) homeostasis model assessment of insulin resistance (HOMA-IR). 
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C, leading to vitamin C depletion [56]. T2DM may also be associated 
with decreased renal reuptake of vitamin C, and diabetic patients with 
microalbuminuria may excrete more vitamin C in their urine [57]. 

Diabetes development is significantly associated with oxidative 
stress [58]. Hyperglycemia stimulates the production of free radicals, 
but it also impairs the endogenous antioxidant defense system [59]. 
Impaired cellular enzymes and organelles, raised lipid peroxidation, and 
the development of insulin resistance may result from high levels of free 
radicals and a reduced antioxidant defense capacity [59]. Consuming 
antioxidant-rich foods or taking antioxidant supplements may be a 
beneficial strategy for managing T2DM and other chronic diseases 
[60–62]. Furthermore, there is an inverse relationship between serum 
levels of vitamin C and the risk of T2DM [63]. These findings highlight 
the potential benefits of vitamin C supplementation in patients with 
T2DM. 

In diabetes, high blood sugar levels lead to the production and 
development of reactive oxygen species (ROS), causing oxidative stress 
[64]. Oxidative stress is associated with dysfunction of beta cells and 
mitochondria, insulin resistance, and abnormal glucose tolerance [65]. 
Studies have identified various mechanisms by which ROS-induced in-
sulin resistance occurs, including activation of c-Jun N-terminal protein 
kinase (JNK), reduction in glucose uptake, and increment of tumor ne-
crosis factor-alpha (TNF-α) [66–68]. Vitamin C has been found to reduce 

both TNF-α gene expression and JNK activation, both in vitro and in 
vivo. The decrease in scavenger system efficiency, such as that of 
vitamin C, is the main cause of oxidative stress development [69], and 
thus vitamin C supplementation can help reduce oxidative stress in 
diabetic patients [59]. Inflammation also plays a role in insulin resis-
tance and vitamin C administration has been shown to suppress the 
proinflammatory process by preventing the activation of nuclear 
factor-kappa B (NF-kB), which contributes to the development of 
chronic inflammation in T2DM patients [70,71]. 

The present meta-analysis had some limitations, including variations 
in supplement dosage, differences in sample characteristics of the 
studies, discrepancies in the timing of outcome measurements, and 
differences in the length of follow-up. There was also between-studies 
heterogeneity [72,73]. Additionally, most of the RCTs did not assess 
baseline serum AA or the dietary intake of vitamin C, which could be 
another source of heterogeneity due to differences in the vitamin C 
status of participants. 

5. Conclusion 

In summary, this meta-analysis explored a substantial decrease in 
serum HbA1c, fasting insulin, and FBG levels in vitamin C-treated T2DM 
patients compared with their untreated counterparts. The review 

Fig. 6. Linear dose-response relations between intervention duration (weeks) of vitamin C supplementation and absolute mean differences in (a) fasting blood 
glucose (FBG), (b) fasting insulin, (c) hemoglobin A1c(HbA1c), and (d) homeostasis model assessment of insulin resistance (HOMA-IR). 
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suggests that long-term (≥12 weeks) and high-dose vitamin C supple-
mentation (≥1000 mg/d) could ameliorate glycemic profile in T2DM 
patients. Additional high-quality RCTs are required to confirm these 
findings. 
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[61] Asbaghi O, Nazarian B, Reiner Ž, et al. The effects of grape seed extract on glycemic 
control, serum lipoproteins, inflammation, and body weight: a systematic review 
and meta-analysis of randomized controlled trials. Phytother Res 2020;34(2): 
239–53. 

[62] Eslampour E, Asbaghi O, Hadi A, et al. The effect of almond intake on blood 
pressure: a systematic review and meta-analysis of randomized controlled trials. 
Compl Ther Med 2020;50:102399. 

[63] Liu C, Zhong C, Chen R, et al. Higher dietary vitamin c intake is associated with a 
lower risk of gestational diabetes mellitus. A longitudinal cohort study 2020;39(1): 
198–203. 

[64] Babel RA, Mpjcdr Dandekar. A review on cellular and molecular mechanisms 
linked to the development of diabetes complications. 2020. 

[65] Rains JL, Jain SK. Medicine. Oxidative stress, insulin signaling, and diabetes, 50; 
2011. p. 567–75. 5. 

S. Nosratabadi et al.                                                                                                                                                                                                                           

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1871-4021(23)00120-0/sref9
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref9
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref9
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref9
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref10
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref10
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref10
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref12
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref12
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref13
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref13
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref13
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref14
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref14
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref14
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref15
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref15
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref15
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref15
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref16
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref16
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref16
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref17
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref17
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref18
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref18
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref18
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref19
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref19
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref19
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref20
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref20
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref20
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref21
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref21
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref21
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref21
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref22
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref22
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref22
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref23
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref23
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref23
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref23
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref24
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref24
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref24
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref25
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref25
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref25
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref25
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref26
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref26
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref26
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref27
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref27
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref28
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref28
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref29
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref29
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref30
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref30
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref31
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref31
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref32
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref32
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref32
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref33
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref33
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref34
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref34
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref35
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref35
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref36
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref36
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref36
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref36
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref37
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref37
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref37
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref37
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref38
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref38
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref38
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref38
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref39
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref39
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref40
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref40
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref40
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref41
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref41
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref41
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref42
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref42
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref43
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref43
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref43
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref43
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref44
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref44
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref44
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref44
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref45
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref45
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref45
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref45
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref46
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref46
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref46
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref46
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref47
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref47
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref47
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref47
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref48
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref48
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref48
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref49
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref49
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref50
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref50
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref50
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref51
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref51
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref51
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref51
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref52
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref52
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref52
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref53
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref53
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref53
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref54
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref54
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref55
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref55
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref55
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref55
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref56
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref56
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref57
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref57
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref57
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref58
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref58
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref58
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref59
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref59
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref60
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref60
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref60
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref60
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref61
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref61
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref61
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref61
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref62
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref62
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref62
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref63
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref63
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref63
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref64
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref64
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref65
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref65


Diabetes & Metabolic Syndrome: Clinical Research & Reviews 17 (2023) 102824

15

[66] Kyaw M, Yoshizumi M, Tsuchiya K, Kirima K, Tamaki TJHR. Antioxidants inhibit 
JNK and p38 MAPK activation but not ERK 1/2 activation by angiotensin II in rat 
aortic smooth muscle cells, vol. 24; 2001. p. 251–61. 3. 

[67] Ji Y-L, Wang Z, Wang H, et al. Ascorbic acid protects against cadmium-induced 
endoplasmic reticulum stress and germ cell apoptosis in testes, vol. 34; 2012. 
p. 357–63. 3. 

[68] Canali R, Natarelli L, Leoni G, et al. Vitamin C supplementation modulates gene 
expression in peripheral blood mononuclear cells specifically upon an 
inflammatory stimulus: a pilot study in healthy subjects, vol. 9; 2014. p. 390. 3. 

[69] Bravi MC, Armiento A, Laurenti O, et al. Insulin decreases intracellular oxidative 
stress in patients with type 2 diabetes mellitus, vol. 55; 2006. p. 691–5. 5. 

[70] Dandona P, Aljada A, Bandyopadhyay AJTii. Inflammation: the link between 
insulin resistance. obesity and diabetes 2004;25(1):4–7. 

[71] Son E-W, Mo S-J, Rhee D-K, Sjaopr Pyo. Vitamin C blocks TNF-α-induced NF-kB 
activation and ICAM-1 expression in human neuroblastoma cells, vol. 27; 2004. 
p. 1073. 10. 

[72] Sandercock PJCD. The authors Say:‘The data are not so robust because of 
heterogeneity’–so, how should I deal with this systematic review?, vol. 31; 2011. 
p. 615–20. 6. 

[73] Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic reviews 
of interventions. John Wiley & Sons; 2019. 

S. Nosratabadi et al.                                                                                                                                                                                                                           

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en agosto 10, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1871-4021(23)00120-0/sref66
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref66
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref66
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref67
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref67
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref67
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref68
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref68
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref68
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref69
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref69
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref70
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref70
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref71
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref71
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref71
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref72
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref72
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref72
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref73
http://refhub.elsevier.com/S1871-4021(23)00120-0/sref73

	The effects of vitamin C supplementation on glycemic control in patients with type 2 diabetes: A systematic review and meta ...
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection criteria
	2.3 Data extraction
	2.4 Risk of bias assessment
	2.5 Certainty assessment
	2.6 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 Risk of bias assessment
	3.4 GRADE assessment
	3.5 Effect of vitamin C supplementation on serum FBG
	3.6 Effect of vitamin C supplementation on serum fasting insulin
	3.7 Effect of vitamin C supplementation on serum HbA1c
	3.8 Effect of vitamin C supplementation on serum HOMA-IR
	3.9 Publication bias
	3.10 Linear and non-linear dose-response relations
	3.11 Sensitivity analysis

	4 Discussion
	5 Conclusion
	Author contributions
	Funding and support
	Declaration of competing interest
	References


