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ABSTRACT - Purpose.There are controversial data regarding the beneficial effects of ascorbic acid (AA) 
supplementation in type 2 diabetes mellitus (T2DM). In this systematic review, we aimed to criticize the current 
relevant data from both observational and randomized controlled trials (RCTs). Methods. All observational and 
RCTs conducted to assess anti-hyperglycemic effects of AA in diabetics, published before January 2013, were 
included. To obtain all related studies Google Scholar, PubMed, Scopus, IranMedex, and Magiran web 
databases were searched. Exclusion criteria were animal studies, and studies conducted in Type 1 DM, children 
or pregnant women. Main outcome measures were fasting blood sugar (FBS), and glycated hemoglobin 
(HbA1c). According to degree of heterogeneity, fixed or random effect models were employed. Meta-analyses 
were done using Stats Direct software, version 3.0.97. The quality of included articles and publication bias were 
also assessed. Results. We selected 38 articles; 26 observational studies and 12 RCTs. Due to severe 
methodological heterogeneity in all observational studies and some of RCTs, we could pool data from only 5 
RCTs in a meta-analysis. Single intake of AA versus placebo showed a significant effect on FBS; with the 
standardized mean difference (SMD): -20.59, 95% confidence intervals (95% CI): -40.77 to -0.4 (p= 0.04), but 
non-significant effect on HbA1c; SMD: -0.46, 95% CI: -1.75 to 0.84 (p= 0.4). Effect of other antioxidants 
with/without AA supplementation on FBSwere nonsignificant; SMD: -4.26 (p= 0.8), and SMD: -12.04 (p= 0.3), 
respectively. Also, their effect on HbA1c was non-significant; SMD: 0.53 (p= 0.11), and SMD: 0.28 (p= 0.34), 
respectively. Conclusions. Our study supports the positive effect of AA in reduction of FBS in diabetics, 
however, due to insufficient evidence ragarding long term safety of AA supplementation and limited number of  
RCTs, the long term use of this vitamin for its anti-diabetic properties cannot be strongly recommended.  
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
__________________________________________________________________________________________ 
 
INTRODUCTION 
 
Diabetes mellitus (DM), as one of the most 
important worldwide health problems, shows an 
increasing prevalence. Currently, there are 
approximately 381 million diabetic patients, a 
figure  that expects to rise to 592 million by 2035 
(1). Various studies have established the key role of 
oxidative stress in the pathophysiology of diabetes 
and its complications (2-4). Oxidative stress reflects 
an imbalance between the formation of reactive 
oxygen species (ROS) and body’s antioxidant 
defense system (2-4). 

It has been shown that chronic diseases such as 
diabetes can diminish the antioxidative status of the 
body and increase the oxidative load (5). Under 
diabetic conditions, ROS are produced mainly 
through the glycation reaction. Oxidative stress can 
in turn promote glycation of hemoglobin (6) and 
impair the ability of β-cells of the pancreas for 
insulin secretion (7). 
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On the other hand, several epidemiological studies 
have shown that individuals with low concentration 
of antioxidants are at increased risk of diabetes 
complications (8, 9). 

Although the human body has its own 
antioxidant defense systems, this defense 
mechanism can be reinforced by the application of 
external source of antioxidants. Enzymatic or non-
enzymatic antioxidants such as vitamins may have a 
role in oxidative stress (3, 10-12). The main source 
of majority of these antioxidants is the consumed 
food.  Fruits, vegetables, and grains are among the 
richest sources of dietary antioxidants (5). Vitamins 
C and E are the well-known dietary antioxidants 
that may have beneficial effects against oxidative 
stress in diabetes. Several epidemiological studies 
have shown that individuals with low concentration 
of antioxidants are at increased risk of diabetes 
complications (8, 9). Recently, Xu et al (13) 
published the effect of vitamin E (VE) 
supplementation on diabetes improvement. Along 
with their work, we aimed to critically and 
systematically, assess the effect of ascorbic acid 
(AA) in diabetes. 

Vitamin C or AA is a hydrophilic antioxidant 
that depends on the employed dosage could have 
either prooxidant - or antioxidant effects (14). At 
low concentration, AA shows pro-oxidant function 
and helps in ROS formation, whilst its antioxidant 
function is found at higher concentrations (15, 16). 
This vitamin as an essential micronutrient is 
acquired primarily through the consumption of 
fruits, and vegetables (17). However, AA is also 
readily available as an out of the counter drug that 
is usually consumed by healthy people. Data 
showed that 12.4% of the US adults take this 
vitamin as a dietary supplement (18).  

While, high intake of AA might have a toxic 
effect (19), excess amounts of AA can be excreted 
through urine because of its water-soluble 
characteristic. Normally, consumption of doses up 
to 2000 mg/day is safe for the general population 
(20). The beneficial effect of AA consumption in 
diabetes is controversial. Some data support the 
idea that due to impairment of insulin secretion and 
ascorbate cycle in DM, AA is necessary to optimize 
the insulin secretory function of the islet cells (21). 
Another important function of AA is its ability to 
regenerate VE and some other antioxidants (22).  

Overall, it has been hypothesized that the 
antioxidant effects of AA may improve the 
glycemic status of the DM, though not enough  

ABBRIVIATIONS 
95% CI, 95% confidence intervals  
AA, ascorbic acid 
ADA, American Diabetes Association 
DBP, diastolic blood pressure  
FBS, fasting blood sugar 
HbA1c, glycated hemoglobin 
HDL-C, high density lipoprotein cholesterol 
IFG, impaired fasting glucose 
IGT, impaired glucose tolerance  
LDL-C, low-density lipoprotein cholesterol  
NGT, normal glucose tolerance 
OGTT, oral glucose tolerance test  
PL, placebo 
PRISMA, preferred reporting items for systematic 
reviews and meta-analyses 
RR, relative risk  
RTC, randomized controlled trials 
SBP, systolic blood pressure 
SMD, standardized mean difference 
STROBE, strengthening the reporting of 
observational studies in epidemiology  
T2DM, type 2 diabetes mellitus 
TC, total cholesterol  
TG, triglycerides 
VE, vitamin E 
WHO, World Health Organization  
 
evidences exist in the literature to strongly support 
this idea. The present meta-analyses systematic 
review is a novel work, because we focused on anti-
hyperglycemic effect of AA according to data, 
separately extracted from both observational and 
randomized controlled trials. Specifically, our main 
outcome measures were the assessment of 
association between AA and FBS, HbA1c or 
incidence of diabetes.  
 
METHODS 
Search strategy 
All relevant available observational studies, 
including cohort, case-control or cross-sectional 
studies as well as randomized controlled trials 
(RCTs) conducted to assess anti-hyperglycemic 
effect of AA in human and published before 
January 2013, were included. To obtain all related 
studies Google Scholar, PubMed, Scopus, 
IranMedex, and Magiran web databases were 
systematically searched. The used search terms 
were “antioxidant”, “diabetes”, “vitamin C”, “vit. 
C”, “ascorbic acid”, limited in human. In order to 
obtain the relevant information, we sent at least 3 e-
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mails to corresponding authors, whenever the data 
was incomplete. In the next step, the title and then 
the abstract of papers were examined. The 
duplicated articles were excluded, and then 
potentially eligible studies were retrieved for 
perusal in full text. 
 
Study selection 
All observational studies or RCTs that met the 
following criteria were included: 1) observational 
studies or RCTs involving T2DM patients; 2) 
fasting blood sugar (FBS), glycosylated hemoglobin 
(HbA1c), incidence of diabetes was estimated at 
baseline and at the end of a single intake of AA or 
its mixture with other antioxidants; 3) using oral 
glucose tolerance test (OGTT) or other accepted 
criteria for defining diabetes. 

Studies that followed the above criteria, but 
conducted primarily in the healthy population, 
children, pregnant women, or patients with type 1 
DM were excluded. Other exclusion criteria were 
defined as animal studies, in vitro studies, review 
articles, letters to the editor and thesis. No language 
restriction was set.  
  
Data extraction and quality assessment 
The following data were extracted: design of study, 
participants characteristics (age, sex), sample size in 
each groups (treatment or placebo), number of 
diabetic patients, number of participants received or 
not received AA, frequency and dosage of each 
supplementation (vitamin, placebo, or the mixture 
of vitamin with other antioxidants), concomitant 
therapy, duration of intervention, follow up, serum 
levels of AA, mean levels of FBS and HbA1c, case 
ascertainment, and endpoints. Primary outcome 
measures included the net changes in serum levels 
of FBS and HbA1c or incidence of diabetes after 
AA supplementation. The secondary outcomes were 
changes in serum concentrations of total cholesterol 
(TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), high density lipoprotein 
cholesterol (HDL-C), and insulin as well as 
diastolic (DBP) and systolic blood pressure (SBP). 
The methodological quality of each included 
observational/ cross-sectional studies, and RCTs 
was assessed using the STROBE (strengthening the 
reporting of observational studies in epidemiology) 
and Jadad scoring system (23, 24), respectively. 
Two authors independently assessed the quality of 
all studies. Five selected items from the 
recommended checklist of STROBE (24) was used 

for quality assessment. The items included: a) 1 
point for confirmed DM diagnosis, according to the 
American Diabetes Association (ADA) or other 
accepted criteria; b) 1 point for providing the 
eligibility criteria; c) 1 point for presenting the key 
elements of study design; d) 1 point if dietary intake 
was estimated, using a valid questionnaire or tool, 
to measure the intake of AA and/or other 
antioxidants’ nutrient; and e) 1 point for describing 
the characteristics of study participants. Studies that 
did not fulfill more than two criteria (≤ 3 points) 
were classified as low quality. 

In Jadad scale, for each part addressed in the 
study, one point was considered, with possible 
scores ranged between 0 and 5 (randomized, 
double-blinding, description of withdrawals and 
dropouts, generation of random numbers and 
allocation concealment) (24). RCTs with score <3 
were considered as low quality. 
 
Data synthesis and analysis 
As mentioned previously, our main outcome 
measures were the assessment of association 
between AA and FBS, HbA1c or incidence of 
diabetes. According to World Health Organization 
(WHO) definition, diabetes mellitus is described as 
having a FBS ≥ 126 mg/dl or 2-h OGTT with 75 g 
glucose ≥ 200 mg/dl (25). Those with 2-h plasma 
glucose of 140 to 199 mg/dl, or FBS 100 to 125 
mg/dl are classified as impaired glucose tolerance 
(IGT) or impaired fasting glucose (IFG), 
respectively (25). Subjects with FBS< 110 mg/dl 
are defined as normal glucose tolerance (NGT) 
(26). HbA1c, an index of average glucose control 
over the last 3 months, is considered as another 
marker of hyperglycemia when its value was greater 
than or equal to 6.5% (25).  

Data from selected studies were extracted in the 
form of 2×2 tables by study characteristics. 
Included studies were weighted by effect size and 
then pooled. Data were analyzed using StatsDirect 
software version 3.0.97. Relative Risk (RR) and 
95% confidence intervals (95% CI) were calculated 
using Mantel-Haenszel, Rothman-Boice (for fixed 
effects) and DerSimonian-Laird (for random 
effects) methods. The Cochran Q test was used to 
test heterogeneity. If the Q-statistic for 
heterogeneity was significant at the level of 0.1 or 
few included studies, random effects model was 
employed (27). In other cases the fixed effects 
model was used (28). Standardized effect size and 
95% CI were calculated using Mulrow-Oxman (for 
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fixed effects) and DerSimonian-Laird (for random 
effects) methods. The degree of heterogeneity was 
quantified using I2 statistic which is an estimate of 
the total variation across studies due to 
heterogeneity (29). Egger and Begg-Mazumdar 
tests were used to evaluate publication bias 
indicators in funnel plot (30). A p value ≤0.05 was 
considered as statistically significant. 
 
RESULTS 
This study is reported according to PRISMA 
(Preferred Reporting Items for Systematic reviews 
and Meta-Analyses) guideline (31). 
 

Search results 
A flow chart presenting the process of initiation and 
selection of the studies is shown (Figure-1). In the 
final step of selection, 38 articles were included to 
systematic review (32-57, 58-69), of which 5 
articles were eligible to meta-analysis (58, 59, 61, 
63, 65). The summary of eligible observational and 
RCT studies and their response to treatment are 
shown (Tables 1-4; a and b). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Flow diagram of the study selection process 
 

691 potentially relevant studies 
identified from electronic search 
242 PubMed 
229 Google Scholars 
197 Scopus 
23   Persian Web databases 

274 studies excluded based on title 
256 studies excluded based on abstract 
94   studies excluded due to duplication 

67 full text articles assessed for 
eligibility 

31 studies excluded upon full text search 
-13 not measured relevant outcome  
-12 were not RCTs 
-6 included T1DM or GDM 

2 studies included from related references of 
full texts 

38 studies eligible to systematic review 
26 eligible observational studies 
12 eligible randomized controlled trials 

5 randomized controlled trials eligible to meta-analysis 
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Table 1-a. Observational studies of ascorbic acid intake and type 2 diabetes mellitus 

Ref. Sex Age (yr) 
Study 
design 

No. of 
participants 

No. of 
DM 
cases 

Concomitant therapy 
Duration of 
AA therapy 

AA 
dosage 

Follow 
up 

Baseline 
serum AA 
(µmol/l) 

Case ascertainment End points 
Quality 

score 
(0-5) 

32 
 

M/F 25-75 Co 2,115 

93 (DM), 
539 

(IGT, 
IFG) 

--------- 
During past 

24h 
NA --------- 39.3 

OGTT, HbA1c  
measurement 

Primary prevention of 
T2DM 

5 

33 M/F >19 CS 3,816 NA VA, VB6, Folate 
During past 

24h 
NA ------- 53.9 Plasma level of glucose 

Effect of orange juice 
consumption on risk factors 

of MetS 
5 

34 
 

M/F ≥18 
Co 

 
7,697 418 

VE components, 
Carotenoids, 

Retinol 

During 
previous 30 

days 
NA -------- 55.1 

HbA1c measurement 
(>6%) in persons self-

reported non- DM 

Primary prevention of DM 
 

5 

35 M/F 50-71 
Co 

 
14,109 

NA 
 

Iron, Zinc, Selenium, 
Folate, VA, VE, BC, 

Calcium 

During 
previous year 

NA --------- NA Physician diagnosed 
Effect of vitamin intake on 

DM Risk 
5 

36 M/F NA CC 149 89 --------- NA NA ------- 64.7 FBS measurement 
Assessment of antioxidant 

status in T2DM 
3 

37 M/F ≥30 
Nested 

CC 
300 100 ---------- 

During 
previous day 

NA --------- 25 OGTT 
Relationship between 
serum vit.C and DM 

5 

38 M/F 36 Co 1,065 46 
Iron, BC, Riboflavin, 

Calcium, Folate, VB12, 
VK 

During past 5 
days 

NA 17 yr NA HbA1c  measurement 
Prediction of raised HbA1c 

and risk of DM 
4 

39 
 

M/F 40-75 Co 21,831 735 -------- 
During 

previous year 
NA 12 yr 53.9 

Self-reported DM, and 
HbA1c measurement 

 

Relationship between fruit 
and vegetable intake, serum 

vit.C and DM risk 
5 

40 M/F 32-72 CC 88 46 ------------ 
During 

previous year 
NA --------- 21.6 FBS  measurement 

Comparison the level of 
vit.C in T2DM and non-

DM 
5 

41 M/F 39-68 CS 77 77 
VE, 

Carotenoids 
During past 24 

h 
NA -------- NA 

Known DM, FBS 
measurement 

Effect of diet on glucose 
and lipid profiles 

4 

42 M/F ≥65 CC 1,038 103 

Iron, Zinc, Cu, Folate, 
VD, VE, VB6, Calcium, 

Thiamin, Niacin 
Riboflavin 

During past 4 
days 

NA ------ 35.6 
Self-reported DM, 

HbA1c measurement 
Effect of nutrient intake on 

DM 
5 

4
3 

 
M/F 40-69 

Co 
 

4,304 383 
VE components, 

Carotenoids 
 

During 
previous year 

NA 23 yr NA 

Social insurance 
reported, use of diabetic 

medication, OGTT at 
baseline 

Dietary antioxidant intake 
and T2DM Risk 

5 

44 M/F 52-58 CC 52 42 VA, VE 
Serum level of 

AA 
NA ------ 88.6 

FBS and HbA1c  
measurement 

Antioxidants status in DM 5 

45 M/F 
>60, 
Mean 
70.4 

Co 1,987 189 ------------ 
Serum level of 

AA 
NA -------- 35.3 Medical history of DM 

Effect of plasma vit.C on 
age-related eye diseases 

4 
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M: male; F: female; Co: cohort; CS: cross-sectional; CC: case-control; NA: non-application; AA: ascorbic acid; VE: vitamin E; BC: beta-carotene; VA: 
vitamin A; VD: vitamin D; VK: vitamin K; VB6: vitamin B6; FBS: fasting blood sugar; OGTT: oral glucose tolerance test; HbA1c: glycosylated hemoglobin; 
BG: blood glucose; T2DM: type 2 diabetes mellitus; DM: diabetes mellitus; IGT: impaired glucose tolerance; IFG: impaired fasting glucose;  Mets: metabolic 
syndrome. 
 

46 
 
 

M/F 25-74 Co 9,573 1,010 VA, VB, VE, VD 
During 

previous 30 
days 

NA 20 yr NA Self-reported DM Vitamin use and DM risk 5 

47 M/F 35-64 CS 1,773 1,178 
VA, VB, VE, 
multivitamin 

During 
previous year 

NA 2 yr NA HbA1c measurement 
Effect of diet and life styles 

on HbA1c 
5 

48 
 

M/F 30-65 CC 95 62 ---------- 
Serum level of 

AA 
NA --------- 59.6 FBS measurement 

Comparison vit.C level in 
plasma and mononuclear 

leukocytes of DM and non-
DM 

5 

49 M/F 45-74 
Co 

 
6,458 250 ------------ 

During 
previous year 

NA 4 yr 50.9 
Self-reported DM, 

HbA1c measurement 

Relationship between 
serum vit.C, DM and 

HbA1c 
5 

50 M/F 40-74 CC 2,040 237 ----------- 
During past 24 

h 
NA --------- 41.8 OGTT 

Assessment of relationship 
between vit.C level and 

DM 
5 

51 M/F 
Mean 

age: 63.5 
CS 69 69 ----------- 

Serum level of 
AA 

NA --------- 33.0 
Known DM, HbA1c 

measurement 
Effect of glycemic control 

on antioxidant status 
4 

52 
 

M/F 34-62 
CC 

 
647 467 VA, VE 

Serum level of 
AA 

NA --------- 47.3 
Known DM, HbA1c 

measurement 
 

Effect of lipid peroxidation 
and antioxidant status on 

DM 
5 

53 
 

M 
age at 

OGTT: 
70-89 

Co 338 
97; (26 
DM, 71 

IGT) 
---------- 

During 6-12 
mo preceding 
the interview 

NA 20 yr NA 
OGTT after 20 yr follow-

up 

Predict of glucose 
intolerance and DM by 

dietary factors 
4 

54 M/F 
Mean 

age: 68.8 
CC 40 20 ----------- 

During past 4 
days 

NA --------- 49.6 
Known DM, BG 

measurement 
Level of vit.C in T2DM 

with adequate dietary vit.C 
4 

55 M/F 43-84 CC 2,141 167 
VE, BC 

 
During 

previous year 
NA --------- NA 

Self-reported, serum 
HbA1c and non fasting 

BG measurement 

Effect of antioxidant-
nutrient intake on HbA1c 

4 

56 
 

M/F 51-63 CC 66 33 --------- 
Serum level of 

AA 
NA --------- 61.3 

FBS and HbA1c 
measurement 

Association between 
hyperglycemia and plasma 
or leukocyte level of vit.C 

4 

57 M/F 18-74 CC 308 134 ----- 
Serum level of 

AA 
NA ----- NA Known DM Metabolism of vit.C in DM 3 
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Table 1-b. Response to treatment with ascorbic acid in eligible observational studies  

 
OR: Odds Ratio; Mets: Metabolic syndrome; FBS: Fasting blood sugar; 2hBG: after 2 hour post prandial blood glucose; T2DM: Type 2 diabetes mellitus; AA: 
ascorbic acid; SD: standard deviation; IGT: impaired glucose tolerance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ref. Results Ref. Results 

32 
Significant inverse association between serum AA and HbA1c, FBS and 2hBG per 1 SD serum 

AA=21.8µmol/l) in adjusted and un-adjusted analysis 
33 

Non-significant difference in mean level of glucose, OR of high glucose, and OR of Mets vs. un-
consumers of orange juice 

34 
Significant inverse association with HbA1c after adjusted for confounders (especially among 18-44 yr, females, 

or Mexican Americans subgroups) 
35 

 
Non-significant OR of DM risk by frequent use of multivitamins after adjustment, but significant 

low DM risk with individual use of AA 

36 Significant inverse association between serum AA and FBS or DM duration 37 
Significant inverse association between serum AA and FBS or 2hBG in subjects with inadequate 

status of AA 

38 Non-significant effect of AA intake on raised HbA1c 39 Significant low DM risk or low HbA1c  by increase serum AA in un- and adjusted analysis 

40 Significant inverse assciation between serum AA and FBS 
41 

 
Significant inverse association between serum AA and FBS 

42 Significant inverse association between serum AA and HbA1c in males by univariate linear regression analysis 43 Non-significant effect of AA intake on risk of T2DM 

44 Non-significant difference in mean level of AA between DM and non-DM 45 Significant low AA level in diabetic women 

46 Non-significant association between AA intake and DM incidence after adjustment 47 Significant inverse association between AA intake and HbA1c after adjustment 

48 
 

Non-significant association between serum and leukocytes’ AA and FBS or DM duration, non-significant 
difference in mean level of AA between DM and non-DM, significant decrease in leukocytes’ AA in FBS>250 

mg/dl 
49 

Significant inverse association between serum AA and HbA1c or  prevalent undiagnosed 
hyperglycemia (per 1 SD serum AA=20 µmol/l) in un- and adjusted analysis 

50 
Non-significant inverse association between serum AA and DM risk after adjustment for AA intake and other 

covariates, non-significant association between FBS and serum AA 
51 Non-significant association between HbA1c and serum AA 

52 Significant inverse association between serum AA and HbA1c 
53 

 
Significant inverse association between AA intake and development IGT and DM independently 

of changes in intake of fat and AA during 20 yr follow up 

54 Significant low AA level in DM with adequate intake of AA 55 
Non-significant association between AA intake and HbA1c in DM, but significantly negative 
association after age and sex adjusted in non-DM, remained significant after adding BG and 

smoking 

56 
 

Non-significant increase in serum and leukocyte level of AA in DM vs. non-DM, non-significant inverse 
association between serum AA and HbA1c, FBS or DM duration 

57 
Very low level of AA in maturity onset diabetes, Non-significant difference between mean 

leukocyte’s AA in DM and non-DM, No association between serum AA and BG 
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Table 2-a. Randomized controlled trials of ascorbic acid  intake and type 2 diabetes mellitus 

ORCT: open label randomized; DRCT: double blind randomized; PRCT: parallel randomized; CORCT: cross over randomized; CO: cross over; AA: ascorbic 
acid; 
 PL: placebo; OA: other antioxidants; M: mineral; FBS: fasting blood sugar; NA: non applicable; EPA: Eicosapentaenoic acid; BC: beta carotene; Se: 
selenium; Mg: Magnesium. 
 

Ref. Sex 
Age 
(yr) 

Trial 
design 

Treatment 
duration 

Daily 
dosage 

AA 

Mean±SD baseline FBS (mg/dl) in study groups and groups size 
(n) 

Mean±SD baseline HbA1c (%) in study groups and 
groups size (n) 

OA 
Baseline 

serum AA 
(µmol/l) AA PL OA M 

AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

58 M/F 
30-
70 

ORCT 3 mo 500 mg 
201± 
82.7 
(30) 

182± 
46.2 
(29) 

----- ------ ------- ----- 
9.4± 
1.7 
(30) 

8.7± 
1.6 
(29) 

----- ------ ------ ------ ------ NA 

59 
 

M 
33-
63 

DRCT 8 w 200 mg 
153.4± 

44.9 
(17) 

155.6± 
55.4 
(17) 

159.4± 
50.7 
(16) 

----- 
149.2± 

30.2 
(15) 

----- 
7.7± 
1.4 
(17) 

8.1± 
1.6 
(17) 

7.7± 0.9 
(16) 

------ 
8.05± 

0.9 
(15) 

------ 
EPA 

 
NA 

60 F 
≥ 40 
yr 

DRCT ~9 yr 500 mg 
NA 

(816) 
NA 

(822) 
NA 

(2474) 
---- 

NA 
(2462) 

----- ----- ---- -------- ----- -------- ------- VE, BC NA 

61 
 

M/F 
33-
69 

DRCT 3mo 
1,250 
mg 

176.7± 
46.7 
(68) 

226± 
87 

(68) 
------ ---- ------ ----- 

10.4± 
2 

(68) 

10.2± 
1.9 
(68) 

----- ---- ----- ----- ----- NA 

62 M/F 
33-
75 

PRCT 6 w 
500 or 

1000 mg 

169.3± 
34 
By 

1000 
mg 
(43) 

------ 
 

152.7± 
34.5 

By 500 
mg AA 

(41) 

---- ----- ----- 

8.8± 
1.3 
By 

1000 
mg 
(43) 

---- 
 

8.4± 1.7 
(By 500 
mg AA) 

(41) 

----- ---- ----- ------ NA 

63 M/F 
30-
69 

DRCT 3 mo 200 mg --- 
164± 

51 
(18) 

----- 
173± 

51 
(16) 

198± 48 
(18) 

177± 41 
(17) 

----- 
9.2± 

2 
(18) 

---- 
10.4± 

2.7 
(16) 

11.2± 
3.4 
(18) 

9.3± 
1.6 
(17) 

OA (VE), 
M 

(Mg,Zn) 
 

61.9 

64 
 

M/F 
35-
60 

RCT ~7.5 yr 120 mg ----- 
101.5± 

9 
(1533) 

------ ---- ----- 
101.3± 

9 
(1613) 

----- ----- ----- ---- ------ ----- 
VE, BC, 
Se, Zn 

 
51.1 

65 M/F 
29-
75 

RCT 4 w 500 mg 
227± 
89.7 
(14) 

210.7± 
73.2 
(14) 

200± 
70.2 
(14) 

----- 
235.1± 

73.2 
(14) 

----- 
5.3± 
1.3 
(14) 

5.5± 
0.8 
(13) 

4.6± 0.8 
(14) 

---- 
4.6± 
0.6 
(14) 

---- VE 76.6 

65 
 

M/F 
29-
75 

RCT 9 w 500 mg 
230.3± 

92.5 
(13) 

202.2± 
68.6 
(13) 

184.6± 
63.1 
(10) 

----- 
237.2± 

75.8 
(13) 

----- 
5.3± 
1.3 
(13) 

5.6± 
0.8 
(13) 

4.4± 0.6 
(10) 

---- 
4.6± 
0.6 
(13) 

----- VE 78.9 

66 
 

M/ 
F 

57-
72 

RCT 2-4 mo 1000 mg --------- 
----- 
(148) 

------- ----- 
------- 
(149) 

----- NA NA NA NA NA NA 
VE, BC, 
Zn, Se, 
Cu, Mn 

NA 

67 M/F 
59-
63 

RCT- 
CO 

 

90 d/ 4 w 
wash-out 

2 g 
181.8± 

10.8 
(27) 

----- ------ 
181.8± 

10.8 
(27) 

------ ------ 
9.3± 
0.3 

----- ------ 
9.3± 
0.3 

------ ------ Mg NA 

68 M/F 
72± 
0.5 

RCT-
CO 

 

4 mo/ 30 d 
wash-out 

0.5 g 
twice 
daily 

 

158.4± 
7.2 
(40) 

158.4± 
7.2 
(40) 

----- ------ ------ ------- 
8.1± 
0.4 

8.1± 
0.4 

----- ------ ----- ----- ---- 41.2 

69 M/F 
19-
76 

DRCT-
CO 

4 mo 500 mg 
135± 63 

(50) 

135± 
63 

(50) 
----- ----- ----- ------ 9.8± 2 

9.8± 
2 

------ ------ ------ ------ ---- 41.1 
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Table 2-b. Response to treatment in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 

Ref. 

serum AA±SD (µmol/l) Mean±SD FBS (mg/dl) after intervention Mean±SD HbA1c (%) after intervention 
Case 

ascertainment 
End points Results Received 

AA 

Not 
received 

AA 
AA PL OA M 

AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

58 ------- ------- 
189.8± 

68.3 
195± 
52.6 

---- ---- ----- ----- 
9± 
1.6 

8.9± 
1.6 

----- ----- ------ ------ FBS, HbA1c 
Prevention of 

T2DM’s 
complications 

Not benefit 
 

59 ------ ------- 
132.6± 

35.1 
135.2± 

12 
130.4± 

37 
----- 

136± 
38 

----- 
7.05± 

1.1 
7.07± 

0.9 
7± 
1.2 

----- 
7.09± 
1.06 

----- FBS, HbA1c 

Effect of EPA 
and AA on risk 

factor of CVD in 
DM 

 

Benefit 

60 107.9 73.8 NA 
NA NA NA NA NA 

------ ------ ----- ----- ------ ------ 

Self-reported, 
hypoglycemic 

medications, BG 
screening 

Primary 
prevention of 

T2DM 

Non-significant effect 
on DM risk, 

significant reduction 
in DM risk in without 

history high 
cholesterol, non-

significant 2 or 3-way 
interactions among the 

agents for DM risk 

61 ------ ---------- 
148.1± 

37.7 
233.6± 

78.6 
----- ------ ----- ------ 

7.9± 
1.2 

10.2± 
1.7 

----- ------ ------ ------ FBS, HbA1c 
Metabolic 

control of DM 
Benefit 

62 ------ ------------- 

144.8± 
33.4 
By 

1000 
mg AA 

------ 

159.3± 
40.3 

By 500 
mg 
AA 

----- ------ ------ 

7.7± 
1.3 
By 

1000 
mg 
AA 

------ 

8.4± 
1.6 
By 
500 
mg 
AA 

------ ------ ------ FBS, HbA1c 
Metabolic 

control of DM 
 

Benefit by 1000 mg 
AA 

63 
76.6± 
13.6 

(AA+VE) 
62.4± 18.7 ----- 

175± 
49 

---- 
176± 

46 
181± 

42 
165± 

46 
---- 10± 2 ---- 

10.6± 
2.2 

11± 
2.2 

9.4± 
2.2 

FBS, HbA1c 
Effect of VE, 

AA and minerals 
on DM 

Benefit in FBS by 
AA+OAM, not benefit 
in HbA1c in all groups 

 

64 
 

----------- --------- -------- 
90.1± 

9 
------ ---- ----- 

90.2± 
10.3 

----- ------ ------ ----- ----- ----- FBS 
Primary 

prevention of 
DM 

Significant inverse 
association between 

baseline AA level and 
FBS after multiple 

adjusted, non-
significant inverse 

association between 
AA intake and FBS 

65 (4 
weeks) 

--------- ----------- 
207.4± 

62.4 
 

201.7± 
77.4 

195.8± 
53.6 

----- 
204.2± 

84.8 
------ 

5.3± 
1.1 

5.4± 
1.1 

5.06± 
1 

----- 
4.9± 
0.7 

----- FBS, HbA1c 
Metabolic 

control of DM 
by AA and VE 

Benefit in FBS by 
AA+OA 

65(9 
weeks) 

------- --------- 
233.8± 

84.3 
207.8± 

86.8 
191.6± 

59.8 
----- 

197.3± 
77.6 

------ 
5.8± 
1.5 

5.5± 
1.5 

5.02± 
1.2 

----- 
5.1± 
1.05 

----- FBS, HbA1c 
Metabolic 

control of DM 
by AA and VE 

Benefit in FBS by 
AA+OA 

66 
 

------- ----------- ------ 
105.7± 

33.8 
----- ------ 

102.2± 
26.3 

------ NA NA NA NA NA NA FBS 

Effect of 
antioxidants on 

traditional RF of 
CVD 

Not benefit 

67 ------- --------- 
163.8± 

9 
---- ----- 

174.6± 
9 

----- ---- 
8.5± 
0.3 

----- ----- 
8.9± 
0.3 

----- ----- FBS, HbA1c 
Metabolic 

control of DM 
by AA and Mg 

Benefit 
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AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; FBS: fasting blood sugar; HbA1c: glycosylated 
hemoglobin;  
NA: non applicable; EPA: Eicosapentaenoic acid; T2DM: type 2 diabetes mellitus; CVD: cardiovascular disease; DM: diabetes mellitus; Mg: Magnesium. 
 
 
 

Table 3-a. Secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 

Ref. 
Mean±SD baseline TC (mg/dl) in study groups and groups size (n) Mean±SD baseline TG (mg/dl) in study groups and groups size (n) 

Mean±SD baseline LDL-C (mg/dl) in study groups and groups 
size (n) 

AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM 

58 
196.7±  

35.5 
(30) 

191± 
34.9 
(29) 

----- ----- ------ ------- 
170.5± 

73 
(30) 

168.6± 
53.2 
(29) 

----- ----- ----- ----- 
113.7± 

27.6 
(30) 

108.3± 
31 

(29) 
----- ----- ----- ------ 

59 
 

172.6± 
25.5 
(17) 

 

154.6± 
9.5 
(17) 

201± 
38.1 
(16) 

----- 
204.8± 

44.4 
(15) 

----- 
163.7± 

56.4 
(17) 

134.1± 
71.6 
(17) 

203± 
53.1 
(16) 

----- 
153.6± 

45.3 
(15) 

----- 
104.2± 

28.2 
(17) 

97.3± 
19 

(17) 

108.7± 
27.4 
(16) 

----- 
128.2± 

30.5 
(15) 

----- 

61 
 

192.6± 
54.9 
(68) 

 

256.3± 
85.6 
(68) 

----- ----- ----- ----- 
196± 
66.2 
(68) 

276± 
121.3 
(68) 

----- ----- ----- ----- 
114.3± 

23.9 
(68) 

115.9± 
33.7 
(68) 

----- ----- ----- ------ 

62 

198.3± 
38.1 

By 1000 
mg AA 

(43) 

------ 
 

191.8± 
34.7 

By 500 
mg AA 

(41) 

----- ----- ----- 

210± 
65.1 

By 1000 
mg AA 

(43) 
 

----- 

202.7± 
55.1 

By 500 
mg AA 

(41) 

---- ----- ----- 

130.9± 
35.5 

By 1000 
mg AA 

(43) 

----- 

127.9± 
40.1 

By 500 
mg AA 

(41) 

----- ---- ----- 

65 (4 
weeks) 

232.2± 
41.4 
(13) 

228.9± 
49.6 
(14) 

232.4± 
57 

(14) 

----- 
 

231.6± 
69 

(14) 
------ 

390.1± 
269.8 
(12) 

345± 
223.1 
(14) 

256.9± 
135.8 
(14) 

----- 
 

368.7± 
330.3 
(13) 

------ 
148.8± 

30.9 
(8) 

136.2± 
50.6 
(10) 

153.4± 
44.8 
(11) 

----- 
 

141.7± 
45.6 
(8) 

 

------ 

65 (9 
weeks) 

238.3± 
36.6 
(12) 

230.5± 
51.2 
(13) 

226± 
57.5 
(10) 

----- 
 

234.5± 
70.9 
(13) 

------ 
372.5± 
273.2 
(12) 

356± 
228.3 
(13) 

217± 
103.7 
(10) 

----- 
 

369.9± 
345 
(12) 

------ 
149.7± 

29.6 
(8) 

145.2± 
51 
(8) 

140.4± 
37.7 
(9) 

----- 
 

144± 
43.7 
(8) 

------ 

66 
 

----- 
------ 
(148) 

----- ------ 
----- 
(149) 

----- ---- ---- ----- ----- ----- ----- ----- 
---- 

(148) 
----- ---- 

----- 
(149) 

----- 

67 
239.7± 

7.7 
(27) 

----- ----- 
239.7± 

7.7 
(27) 

---- ------ 
221.4± 

17.7 
(27) 

---- ----- 
221.4± 

17.7 
(27) 

---- ----- ----- ----- ----- ---- ----- ----- 

68 
278.4± 

11.6 
(40) 

278.4± 
11.6 
(40) 

---- ----- ----- ----- 
230.3± 

8 
(40) 

230.3± 
8 

(40) 
----- ----- ----- ----- 

220.4± 
15.5 
(40) 

220.4± 
15.5 
(40) 

----- ----- ----- ----- 

68 75.6± 3.7 43.4± 2.8 
154.8± 

9 
156.6± 

12.6 
----- ----- ------ ----- 

7.2± 
0.3 

8± 
0.4 

----- ----- ------- ------- FBS, HbA1c 
Metabolic 

control of DM 
 

Non-significant effect 
on FBS, Significant 

improvement in whole 
body glucose disposal, 

and HbA1c, Non-
significant correlation 

with  whole body 
glucose disposal after 

adjusted for free 
radical levels 

69 
95.4± 
28.4 

39.7± 28.4 
134.1± 

63.9 
142.2± 

65.7 
----- ---- ------ ------ 

9.7± 
1.8 

9.7± 
1.7 

----- ----- ------ ------ FBS, HbA1c 
Effect of AA on 

diabetic 
hyperlipidemia 

Not benefit 
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69 
270.7± 

46.4 
(50) 

270.7± 
46.4 
(50) 

----- ----- ----- ------ 
248± 
132.9 
(50) 

248± 
132.9 
(50) 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 

AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; TC: total cholesterol; TG: triglycerids; LDL-C: 
low density lipoprotein cholesterol; NA: non applicable. 
 
 

Table 3-b. Response to secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 
 

Ref. 
Mean±SD TC (mg/dl) after intervention Mean±SD TG (mg/dl) after intervention Mean±SD LDL-C (mg/dl) after intervention 

AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM 
58 178.2±  

26.6 
 

197.9± 
35.2 

 

----- ----- ------ ------- 160.5± 
53.3 

 

171.4± 
50.2 

 

----- ----- ----- ----- 96.4± 
27.8 

 

115.4± 
30.7 

 

----- ----- ------ ----- 

59 
 

165± 
27.6 

 

159.2± 
23.6 

 

163.6± 
34.9 

 

----- 168.4± 
32 
 

----- 139.5± 
46.9 

 

115.5± 
73.8 

 

171.8± 
45.4 

 

----- 128.1± 
46.9 

 

----- 172.6± 
25.5 

 

154.6± 
9.5 

 

201± 
38.1 

 

----- 204.8± 
44.4 

 

----- 

61 
 

178.9± 
53.3 

263.5± 
86.4 

--- ----- ----- ------ 166.2± 
50 

285.8± 
109.1 

----- ----- ----- ----- 95.2± 
29 

117.2± 
32.2 

----- ----- ----- ----- 

62 187.7± 
31.2 
By 

1000 
mg AA 

------ 
 

190± 
36.8 

By 500 
mg AA 

----- ----- ----- 186.6± 
54 
By 

1000 
mg AA 

----- 201.7± 
51.4 

By 500 
mg AA 

---- ----- ----- 125.9± 
33.8 
By 

1000 
mg AA 

----- 124.8± 
39.1 

By 500 
mg AA 

----- ---- ----- 

65 
(4weeks) 

223.7± 
64.2 

219.2± 
42.9 

237.5± 
50.6 

----- 
 

236.1± 
49.4 

------ 320.3± 
181.4 

307.9± 
144.9 

246.2± 
104.8 

----- 
 

380.8± 
207.9 

------ 127.2± 
50.6 

138.6± 
41.9 

150.6± 
42.7 

----- 
 

150.4± 
33.8 

------ 

65 
(9weeks) 

228.8± 
32.8 

214± 
42.3 

216.8± 
46.6 

----- 
 

223.3± 
61.6 

------ 306.2± 
152.9 

323.2± 
217.9 

194.8± 
50.5 

----- 
 

261.5± 
112.5 

------ 149.8± 
27.4 

137.7± 
52.4 

141.4± 
41.3 

----- 
 

139.9± 
36.7 

------ 

66 ------ 226.9± 
38.4 

----- ----- 230± 
48.2 

---- ---- ----- ----- ----- ----- ------ ----- 148.6± 
36.6 

----- ----- 153± 
37.9 

---- 

67 228.1± 
7.7 

---- ---- 239.7± 
7.7 

----- ----- 194.9± 
17.7 

--- ---- 230.3± 
17.7 

---- ----- ---- ----- ----- ----- ----- ----- 

68 224.3± 
15.5 

282.3± 
19.3 

---- ----- ----- ----- 230.3± 
6.2 

186± 
3.5 

----- ----- ----- ----- 216.5± 
23.2 

158.5± 
11.6 

----- ----- ----- ----- 

69 255.2± 
50.3 

255.2± 
50.3 

----- ----- ----- ------ 274.6± 
168.3 

292.3± 
203.7 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 

 
AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; TC: total cholesterol; TG: triglycerids; LDL-C: low 
density lipoprotein cholesterol. 
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Table 4-a. Secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 

Ref 
Mean±SD baseline HDL-C (mg/dl) in study groups and groups size (n) 

Mean±SD baseline SBP (mmHg) in study groups and groups size 
(n) 

Mean±SD baseline DBP (mmHg) in study groups and groups 
size (n) 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

58 

48.9 
± 
8 

(30) 

49 
± 
7 

(29) 

----- ---- ----- ----- 

139.7 
± 

16.5 
(30) 

134.5± 
14.6 (29) 

---- ---- ----- ----- 
81.1 

± 
7.6 (30) 

78.6± 
10.9 (29) 

----- ---- ----- ----- 

59 
38.1 

± 
10.4 (17) 

42.2 
± 

15.8 
(17) 

42.6 
± 

5.2 (16) 
---- 

41.5 
± 

6.1 (15) 
----- 

139 
± 

11 (17) 

140 
± 

12 (17) 

135± 
13 (16) 

---- 

138 
± 
9 

(15) 

----- ----- ----- ------ ---- ----- ----- 

61 
51.1 

± 
21.8 (68) 

49.4 
± 

14.8 
(68) 

------ ---- ----- ----- ----- ----- ---- ---- ---- --- ---- ---- ---- ---- ---- ---- 

62 

45.9 
± 

11.1 
By 1000 mg 

AA (43) 

---- 

36.8 
± 

9.1 
By 500 mg AA 

(41) 

---- ---- ---- ----- ----- ----- ------ ----- ------- ------ ---- ------ ---- ----- ---- 

65(4 
w) 

32.3 
± 

7.3 (13) 

32.8 
± 

9.5 (14) 

36.6 
± 

12.5 
(14) 

---- 
32.5 

± 
8.4 (14) 

----- 

136.8 
± 

24.8 
(14) 

145.7± 
19.9 (14) 

141.1± 26.4 
(14) 

------ 
141.8± 

17.4 
(14) 

----- 

76.1 
± 

13.9 
(14) 

82.5 
± 10.9 
(14) 

79.3 
± 

10.9 
(14) 

---- 
83.2 

± 
9.9 (14) 

------ 

65 (9 
w) 

32.4 
± 

7.7 (12) 

32.3 
± 

9.7 (13) 

37.2 
± 

14.5 (10) 
---- 

33.4 
± 

7.9 (13) 
----- 

135 
± 

24.9 
(13) 

147.3± 
19.7 (13) 

144± 25.6 
(10) 

----- 
144.2± 

15.4 
(13) 

----- 

75 
± 

13.8 
(13) 

82.7 
± 11.3 
(13) 

80.5 
± 

12.6 
(10) 

---- 
83.5 

± 10.3 
(13) 

----- 

66 ----- 
---- 

(148) 
---- ---- 

---- 
(149) 

----- ---- 
----- 
(148) 

----- ---- 
---- 

(149) 
----- ----- ---- (148) ----- ---- ---- (149) ---- 

67 
46.4 

± 
2.3 (27) 

---- ---- 
46.4 
± 2.3 
(27) 

---- ---- 

149 
± 
3 

(27) 

----- ---- 

149 
± 
3 

(27) 

---- ---- 

87 
± 
2 

(27) 

---- ----- 

87 
± 
2 

(27) 

----- ---- 

68 
42.5 

± 
3.9 (40) 

42.5 
± 

3.9 (40) 
---- ---- ---- ----- ----- ------ ----- ------ ----- ------ ----- ---- ----- ---- ----- ----- 

 
AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; HDL-C: high density lipoprotein cholesterol; SBP:  
systolic blood pressure; DBP: diastolic blood pressure. 
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Table 4-b. Response to secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 
 

Ref 
Mean±SD baseline HDL-C (mg/dl) after intervention Mean±SD baseline SBP (mmHg) after intervention Mean±SD baseline DBP (mmHg) after intervention) 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

AA PL OA M 
AA+ 
OA 

AA+ 
OAM 

58 
51.9 

± 
8.3 

49 
± 
9 

----- ---- ----- ----- 
136.9 

± 
16.7 

142.3± 
13 

---- ---- ----- ----- 
80.5 

± 
6.2 

85.7± 
9.1 

----- ---- ----- ----- 

59 
40.8 

± 
9.1 

44.6 
± 

13.3 

44.6 
± 

4.2 
---- 

44.2 
± 

3.8 
----- 

134 
± 
8 

138 
± 
7 

132± 
7 

---- 
133 
± 
6 

----- ----- ----- ------ ---- ----- ----- 

61 
67 
± 

12.9 

49.7 
± 

15.6 
------ ---- ----- ----- ----- ----- ---- ---- ---- --- ---- ---- ---- ---- ---- ---- 

62 

47.8 
± 

10.6 
By 1000 mg AA 

---- 

38.4 
± 

8.8 
By 500 mg AA 

---- ---- ---- ----- ----- ----- ------ ----- ------- ------ ---- ------ ---- ----- ---- 

65(4w) 
30.8 

± 
7.3 

29.5 
± 

6.5 

34.8 
± 

10.6 
---- 

31 
± 
8 

----- 
132.5 

± 
29.6 

145.7± 
26.1 

141.1± 24.8 ------ 
137.1± 

19.7 
----- 

75.4 
± 

12.2 

83.2 
± 12.6 

79.3 
± 

6.7 
---- 

84.3 
± 

12.8 
------ 

65 (9 w) 
30.4 

± 
7.4 

31.4 
± 

6.7 

35.2 
± 

10.7 
---- 

33.6 
± 

9.9 
----- 

130 
± 

23.2 

140 
± 

21.5 

139.5 
± 19.6 

----- 
138.8± 

17.9 
----- 

73.8 
± 

10.8 

77.7 
± 

8.1 

79 
± 

7.4 
---- 

80 
± 11.4 

----- 

66 ----- 
47.5 

± 
16.6 

---- ---- 
48.4 

± 
17 

----- ---- 
132.5 

± 
19.9 

----- ---- 
133.1 

± 
18.7 

----- ----- 
75.8 

± 
8.9 

----- ---- 
76.4 

± 
9.7 

---- 

67 
42.5 

± 
1.9 

---- ---- 
42.5 
± 2.3 

---- ---- 
155 
± 
3 

----- ---- 
151 
± 
4 

---- ---- 
88 
± 
2 

---- ----- 
86 
± 
2 

----- ---- 

68 
38.7 

± 
7.7 

42.5 
± 

11.6 
---- ---- ---- ----- ----- ------ ----- ------ ----- ------ ----- ---- ----- ---- ----- ----- 

 
AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; HDL-C: high density lipoprotein cholesterol; SBP:  
systolic blood pressure; DBP: diastolic blood pressure. 
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Table 5-a. Secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus  

Ref. 

Mean±SD baseline serum AA(µmol/l) in study groups and groups size 
(n) 

Mean±SD baseline insulin (µu/ml) in study groups and groups size (n) 

AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM 

58 
NA 
(30) 

NA 
(29) 

----- ----- ---- ----- ----- ----- ----- ----- ---- ----- 

59 
NA 
(17) 

NA 
(17) 

NA 
(16) 

----- 
NA 
(15) 

---- ----- ----- ---- ------ ------- ----- 

60 
NA 

(816) 
NA 

(822) 
NA 

(2474) 
------ 

NA 
(2462) 

------ -------- ------- -------- ------- ----------- ------ 

61 
NA 
(68) 

NA 
(68) 

------ ------ ----- ----- -------- --------- ------- --------- ----------- ------- 

62 

NA 
1000 mg 

AA 
(43) 

---- 

NA 
500 mg 

AA 
(41) 

----- ------ ----- 

16.9± 3.1 
By 1000 mg 

AA 
(43) 

------ 

10.4± 2.4 
By 500 mg 

AA 
(41) 

----------- ---------- ------- 

63 ----- 

56.8± 
17 

(18) 
 

----- 
62.4± 

17 
(16) 

62.4± 
17 

(18) 

62.4± 22.7 
(17) 

------ 
7.2± 2.8 

(18) 
---- 

7.2± 3.6 
(16) 

7.3± 4.2 
(18) 

7.4± 3.6 
(17) 

64 ----- 
52 

(1533) 
---- ----- ----- 

51.5 
(1613) 

------- ----------- ------ -------- ----------- ----- 

65 
(4weeks) 

75± 13 
(14) 

80± 13 
(14) 

81.2± 
19.3 
(14) 

----- 
71± 8.5 

(14) 
------ ----------- -------- ----------- --------- -------- --------- 

65 
(9weeks) 

76.1± 13 
(13) 

81.2± 
12.5 
(13) 

77.8± 21 
(10) 

------ 
71± 9.1 

(13) 
-------- --------- ------- ----------- ----------- ----------- --------- 

66 ----- NA ------ ------ NA ------- --------- ------- --------- ----- --------- ------ 

67 NA ------ ------ 
NA 

 
-------- -------- ------- ----------- ------ --------- -------- --------- 

68 
41.2± 5.4 

(40) 

41.2± 
5.4 
(40) 

 

----- ------- ------- ------- 
12.7± 0.7 

(40) 
 

12.7± 
0.7 
(40) 

------ -------- -------- ---------- 

69 
41.2± 
26.1 
(50) 

41.2± 
26.1 
(50) 

------ ---------- ---------- --------- ------------ -------- ----------- ----------- ----------- ------------ 

AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; NA: non 
applicable. 
 
Table 5-b. Response to secondary outcomes in eligible RCTs of ascorbic acid intake and type 2 diabetes mellitus 

Ref. 
Mean±SD serum AA (µmol/l) after intervention Mean±SD insulin (µu/ml) after intervention 

AA PL OA M AA+OA AA+OAM AA PL OA M AA+OA AA+OAM 

58 
NA 

 
NA 

 
----- ----- ---- ----- ----- ----- ----- ----- ---- ----- 

59 
NA 

 
NA 

 
NA 

 
----- NA ---- ----- ----- ---- ------ ------- ----- 

60 
NA 

 
NA 

 
NA 

 
------ 

NA 
 

------ -------- ------- -------- ------- ----------- ------ 

61 
NA 

 
NA 

 
------ ------ ----- ----- -------- --------- ------- --------- ----------- ------- 

62 
NA 

1000 mg 
AA 

---- 
NA 

500 mg 
AA 

----- ------ ----- 
8.8± 1.3 

By 1000 mg 
AA 

------ 
11± 2.4 

By 500 mg 
AA 

--------- ---------- ------- 

63 ----- 
62.4± 

17 
----- 

56.8± 
17 

73.8± 
11.3 

79.5± 11.3 ------ 7.6± 3.5 ---- 8± 4.4 7± 3.9 
7.2± 3.1 

 
64 ----- NA ---- ---- ---- NA ---------- ------ ----------- ------ -------- ------ 
65 

(4weeks) 
100.5± 13 

79.5± 
18.2 

81.2± 17 ----- 92.5± 9.1 ------ ----------- ------ ----------- --------- -------- ------ 

65 
(9weeks) 

98.2± 
12.5 

77.8± 
12.5 

75.5± 
17.6 

------ 93.1± 13 -------- --------- ------ ------------ ----------- ----------- ------ 

66 ----- NA ------ ------ NA ------- --------- ------ --------- ----- --------- ------ 
67 NA ------ ------ NA -------- -------- ------- ----------- ------ --------- -------- ------ 

68 75.6± 3.7 
43.4± 

2.8 
----- ------- ------- ------- 

10.5± 0.9 
 

12.9± 
0.6 

------ -------- -------- ------ 

69 
92.5± 
29.2 

44.6± 
21.9 

------- ------- --------- -------- --------- ------ -------- ------- ------ ------ 

AA: ascorbic acid; PL: placebo; OA: other antioxidants; M: mineral; OAM: other antioxidants and mineral; NA: non 
applicable. 



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

568 

Studies’ characteristics 
All included studies were conducted in adult 
patients involving 92,945 subjects. Among them, 26 
studies (32-57) were observational studies involving 
82,176 participants and the remaining 12 articles 
were RCTs (58-69) involving 10,769 subjects. 
Separate details of included articles, according to 
study design, are provided below. 
 
Association between diabetes and AA intake in 
observational studies 
Except one study that only male subjects were 
enrolled in (51), the rest of the studies were 
conducted in both genders. The age of participants 
ranged from 18 to 89 years (Tables1a-1b). Study 
design of the majority of articles (12 studies) were 
classified as case-control (36, 37, 40, 42, 44, 48, 50, 
52, 54-57), however 10 cohorts (32, 34, 35, 38, 39, 
43, 45, 46, 49, 51), and 4 cross-sectional (33, 41, 
47, 51) studies were also presented. Number of the 
participants varied from 40 to 21,831. In 7 studies, 
participants were followed for a varied amount of 
time between 2-23 years, (38, 39, 43, 46, 47, 49, 
53). In 12 studies (33-35, 38, 41-44, 46, 47, 52, 55), 
AA intake was concomitant with the consumption 
of other antioxidant vitamins such as A, E, 
carotenoids, B6, B12, D, or minerals like iron, zinc, 
calcium, selenium, copper, magnesium, and 
chromium. The most used diagnostic criteria for 
DM was FBS and HbA1c measurements.  

The nonsignificant association between AA and 
diabetes was reported by 12 studies, from which 6 
studies assessed this association with FBS (33, 44, 
48, 50-52), 4 studies with HbA1c levels (38, 51, 55, 
56), and 4 studies with DM risk (35, 43, 46, 50). 
Remained eligible studies showed a significant 
inverse association between AA and diabetes from 
which 8 studies evaluated this relation with FBS 
(32, 36, 37, 40, 41, 45, 53, 54), 7 studies with 
HbA1c levels (32, 34, 39, 42, 47, 49, 52), and 1 
study with DM risk (39). 

Due to using the 24 hours recall food intake 
tool, the net amount of AA intake was unclear. 
Moreover, because of the methodological 
heterogeneity, performing the meta-analysis to 
assess the effect of AA intake on glycemic 
improvement was not possible. The quality score of 
the included observational studies varied from 3 to 
5. Most of the studies classified as high quality with 
scores ≥3. 
 
 

Association between FBS and AA intake 
Within 11,471 participants in 14 observational 
studies (32, 33, 34, 37, 40, 41, 44, 45, 48, 50, 53, 
54, 56, 57) conducted to assess correlation between 
FBS and AA intake, 1,148 subjects were diabetics 
and 610 case were IGT (Impaired glucose 
tolerance) or IFG (impaired fasting glucose). 
According to these studies, DM or susceptibility to 
it presented in 15.32% of participants. There was a 
significant inverse association between 
manifestation of either DM or IGT/IFG and AA 
intake in 1,250 cases (10.90% of total participants). 
Interestingly, in the majority of cases (1,173 cases, 
10.22% of total participants), sole intake of AA was 
used. 
 
Association between HbA1c and AA intake 
Overall, 11 observational studies assessed the 
association between HbA1c levels and AA intake 
(32, 34, 38, 39, 42, 47, 49, 51, 52, 55, 56). Among 
44,900 participants that were enrolled in these 
studies 3,466 and 632 subjects became diabetics or 
IGT/ IFG, respectively. In the other word, only in 
9.13% of total participants in these studies, diabetes 
or susceptibility to diabetes development was 
found. A significant inverse association was found 
between HbA1c levels and antioxidants intake in 
3,783 of the cases (8.42% of total participants), of 
which 1,686 cases (3.75% of total participants) used 
AA alone. 
 
Association between DM risk and AA intake 
From 51,857 participants in 5 eligible observational 
studies (35, 39, 43, 46, 50) which assessed the 
association between DM risk and AA intake, only 
2,365 (4.56%) diabetics were defined. Between 
onset of diabetes and antioxidants’ intake, a 
significant inverse association was found in 735 
cases (1.42% of total participants). In all the 
participants, sole intake of AA was considered. 
 
AA supplementation and diabetes in RCTs  
Among selected studies that shown in Tables-2a, 
2b, 3a, 3b, 4a and 4b, only two studies (59, 60) 
conducted just in males or females, and the rest was 
conducted in both genders. The types of RCTs 
among the 7 eligible studies were double-blind (59-
61, 63, 67-69), in 3 studies (64, 65, 66) non-blind, 1 
open-label (58), and 1 parallel (62). A number of 
the participants varied from 54 to 6,574 with 
treatment duration from 4wk to 9 years. In 7 studies 
(59, 60, 63-67) AA intake was compared to nutrient 
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antioxidants with/without AA that later included 
vitamins E, β-carotene, zinc, selenium, copper, 
magnesium, and eicosapentaenoic acid. AA dosage 
varied from 120 mg up to 2 g/day. In most of these 
studies, the net change of FBS and HbA1c after 
consumption of AA was reported and shown a 
significant decrease in FBS or HbA1c levels after 
consumption (59, 61-65, 67).  
 
Qualitative analysis  
The quality of these 38 eligible studies was checked 
by STROBE or Jadad scale according to the design 
of the study (Table-1a and Table-6). 
 
 
Meta-analysis 
Main outcome measures included net changes in 
FBS, HbA1c or incidence of DM by single or 
mixture consumption of AA with other 
antioxidants. Most of the trials were too 
heterogeneous to perform a meta-analysis except 5 
RCTs (58, 59, 61, 63, 65) that details of the findings 
are described below. 
 
Effect of AA in comparison to placebo on FBS 
levels in diabetic patients  
The summary for the standardized effect size of 
mean differences of FBS in diabetic patients 
“∆FBS” for AA therapy, in five trials, compared to 
placebo, in four studies (58, 59,61, 65), was -20.59 
with 95% CI: -40.77 to -0.4 (p= 0.04, Figure 2-a). 

The Cochrane Q test for heterogeneity indicated 
that the studies are not heterogeneous (p= 0.69) and 
could be combined, thus the fixed effects for 
individual and summary of effect size for 
standardized mean was applied. In the evaluation of 
publication bias, Egger regression test on the 
normalized effect vs. precision for all included 
studies of “∆FBS” among AA vs. placebo therapy 
in diabetic patients was 0.84 (95% CI: -2.22 to 3.91, 
p= 0.45) and Begg-Mazumdar Kendall’s test on the 
standardized effect vs. variance indicated tau= 0.4, 
p= 0.48 (Figure 3-a).  
 
Effect of antioxidants in comparison to placebo 
therapy on FBS level in diabetic patients  
The summary for standardized effect size of mean 
differences of FBS in diabetic patients “∆FBS” for 
antioxidants therapy, in three included trials, 
compared to placebo, in two studies (59, 65), was -
4.26 with 95% CI: -36.85 to 28.32 that was greater 
than null (p= 0.8, Figure 2-b). The Cochrane Q test 
for heterogeneity indicated that the studies are not 
heterogeneous (p= 0.94) and therefore could be 
combined. However, because of low number of 
included studies, the random effects for individual 
and summary of effect size for standardized mean 
was applied. Publication bias for “∆FBS” in 
diabetic patients among antioxidants vs. placebo 
therapy could not be evaluated because of too few 
strata. 

 
 
 
Table 6. Quality assessment of RCTs included in the meta-analysis 
 

  
Y: yes; U: unclear. 
 
 
  

Ref. Randomization Allocation concealment 
Random sequence 

generation 
Blinding 

Reporting of 
withdrawals 

Jaded score 

58 Y Y Y U Y 4 

59 Y Y U Y U 3 
60 Y U Y Y U 3 
61 Y Y U Y U 3 
62 Y Y U U U 2 

63 Y Y U Y Y 4 
64 Y Y U Y U 3 
65 Y Y Y Y U 4 
66 Y Y Y U U 3 

67 Y U U Y Y 3 
68 Y U Y Y U 3 
69 Y Y U Y Y 4 
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a 
Effect size meta-analysis plot [fixed effects]

-100 -50 50 100

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Delorianzadeh, et al, 2008

Shakouri Mahmoudabadi, et al, 2011

Bhatt, et al, 2012

  0  

pooled weighted mean difference = -20.587308  (95% CI = -40.772486 to -0.40213)

 
b 

Effect size meta-analysis plot [random effects]

-100 -50 50 100

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

DL pooled weighted mean difference = -4.264048  (95% CI = -36.847092 to 28.318997)

 
c 

Effect size meta-analysis plot [fixed effects]

-150 -100 -50 50 100

Farvid, et al, 2006

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

pooled weighted mean difference = -12.035571  (95% CI = -37.334755 to 13.263614)

 
 
 
 
Figure 2. Individual and pooled relative risk for the 
outcome of “changing in fasting blood sugar” in the 
studies in diabetic patients; a- AA comparing to placebo 
therapy, b- antioxidants comparing to placebo therapy, c- 
AA plus antioxidants comparing to placebo therapy 
 
 

a 
 

Bias assessment plot
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b

Bias assessment plot

-150 -100 -50 0 50 100
45

35

25

15

Effect size

Standard error

 
 
Figure 3. Publication bias indicators for the outcome of 
“changing in fasting blood sugar” in diabetic patients; a- 
AA comparing to placebo therapy, b- AA plus 
antioxidants comparing to placebo therapy  
 
Effect of AA plus antioxidants in comparison to 
placebo therapy on FBS levels in diabetic 
patients  
The summary for standardized effect size of mean 
differences of FBS in diabetic patients “∆FBS” for 
AA plus antioxidants therapy, in four included 
trials, compared to placebo, in three studies (59, 63, 
65), was -12.04 with 95% CI: -37.34 to 13.26 that 
was greater than null (p= 0.3, Figure  2-c). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.52) and could 
be combined, thus the fixed effects for individual 
and summary of effect size for standardized mean 
was applied. In the evaluation of publication bias, 
Egger regression test on normalized effect vs. 
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precision for all included studies was -1.5 (95% CI: 
-6.46 to 3.45, p= 0.32) and Begg-Mazumdar 
Kendall’s test on standardized effect vs. variance 
indicated tau= -0.33, p= 0.33 (Figure 3-b). 
 
Effect of AA in comparison to placebo therapy 
on HbA1c in diabetic patients  
The summary for the standardized effect size of 
mean differences of HbA1c in diabetic patients 
“∆HbA1c” for AA therapy, in five included trials, 
compared to placebo, in four studies (58,59, 61, 65), 
was -0.46 with 95% CI: -1.75 to 0.84 that was 
greater than null (p= 0.4, Figure 4-a). The Cochrane 
Q test for heterogeneity indicated that the studies 
are heterogeneous (p < 0.0001) and could not be 
combined, thus the random effects for individual 
and summary of effect size for standardized mean 
was applied. In the evaluation of publication bias, 
Egger regression of normalized effect vs. precision 
for all included studies of “∆HbA1c” among AA vs. 
placebo therapy in diabetic patients was 11.52 (95% 
CI: 5.5 to 17.54, p= 0.01) and Begg-Mazumdar 
Kendall’s test on the standardized effect vs. 
variance indicated tau= 0.6, p= 0.48 (Figure 5-a). 
 
Effect of antioxidants in comparison to placebo 
therapy on HbA1c in diabetic patients  
The summary for the standardized effect size of 
mean differences of HbA1c in diabetic patients 
“∆HbA1c” for antioxidants therapy, in three 
included trials, compared to placebo, in two studies 
(59, 65), was 0.53 with 95% CI: -0.11 to 1.17 that 
was greater than null (p= 0.11, Figure 4-b). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.9) and could be 
combined, but because of the low number of 
included studies the random effects for individual 
and summary of effect size for standardized mean 
was applied. Publication bias for included studies 
for “∆HbA1c” in diabetic patients among 
antioxidants vs. placebo therapy could not be 
evaluated because of too few strata. 
 
Effect of AA plus antioxidants in comparison to 
placebo therapy on HbA1c in diabetic patients  
The summary for standardized effect size of mean 
differences of HbA1c in diabetic patients 
“∆HbA1c” for AA plus antioxidants therapy, in 
four included trials, compared to placebo, in three 
studies (59, 63, 65), was 0.28, ( 95% CI: -0.3 to 
0.85 greater than null, p= 0.34, Figure 4-c). The 
Cochrane Q test for heterogeneity indicated that the 

studies are not heterogeneous (p= 0.63) and could 
be combined, thus the fixed effects for individual 
and summary of effect size for standardized mean 
was applied.  
 
a 

Effect size meta-analysis plot [random effects]

-4 -2 2 4

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Delorianzadeh, et al, 2008

Shakouri Mahmoudabadi, et al, 2011

Bhatt, et al, 2012

  0  

DL pooled weighted mean difference = -0.45797  (95% CI = -1.752718 to 0.836778)

 
b 

Effect size meta-analysis plot [random effects]

-1 1 2 3

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

DL pooled weighted mean difference = 0.529986  (95% CI = -0.113129 to 1.1731)

 
c 

Effect size meta-analysis plot [random effects]

-1 1 2 3

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

DL pooled weighted mean difference = 0.529986  (95% CI = -0.113129 to 1.1731)

 
Figure 4. Individual and pooled relative risk for the 
outcome of “∆HbA1c” in diabetic patients; a- AA 
comparing to placebo therapy, b- antioxidants comparing 
to placebo therapy, c- AA plus antioxidants comparing to 
placebo therapy. 
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In evaluation of publication bias, Egger regression 
on normalized effect vs. precision for all included 
studies of “∆HbA1c” among AA plus antioxidants 
vs. placebo therapy in diabetic patients was -1.87 
(95% CI: -5.64 to 1.89, p= 0.17) and Begg-
Mazumdar Kendall’s test on standardized effect vs. 
variance indicated tau= -0.67, p= 0.08 (Figure 5-b). 
 
a 

Bias assessment plot
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b 

Bias assessment plot
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Figure 5. Publication bias indicators for the outcome of 
“∆HbA1c” in diabetic patients; a- AA comparing to 
placebo therapy, b- AA plus antioxidants comparing to 
placebo therapy. 
 
 
Effect of AA in comparison to placebo therapy 
on TC in diabetic patients  
The summary for standardized effect size of mean 
differences of TC in diabetic patients “∆TC” for 
AA therapy, in five included trials compared to 
placebo, in four studies (58, 59, 61, 65), was=   
-15.16 with 95% CI: -28.57 to -1.75 (p= 0.03, 
Figure 6-a). The Cochrane Q test for heterogeneity 
indicated that the studies are not heterogeneous (p= 
0.71) and could be combined, thus the fixed effects 

for individual and summary of effect size for 
standardized mean was applied.  
 
a 

Effect size meta-analysis plot [fixed effects]

-60 -30 30 60

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Delorianzadeh, et al, 2008

Shakouri Mahmoudabadi, et al, 2011

Bhatt, et al, 2012

  0  

pooled weighted mean difference = -15.158038  (95% CI = -28.564548 to -1.751529)

 
b 

Effect size meta-analysis plot [random effects]

-80 -30 20 70

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

DL pooled weighted mean difference = -12.656379  (95% CI = -53.042223 to 27.729465)

 
c 

Effect size meta-analysis plot [random effects]

-100 -50 50 100

Farvid, et al, 2000 (9 weeks)

Farvid, et al, 2000 (4 weeks)

Shakouri Mahmoudabadi, et al, 2011

  0  

DL pooled weighted mean difference = -14.446304  (95% CI = -52.83713 to 23.944522)

 
 
Figure 6. Individual and pooled relative risk for the 
outcome of “∆TC” in diabetic patients; a- AA comparing 
to placebo therapy, b- antioxidants comparing to placebo 
therapy, c- AA plus antioxidants comparing to placebo 
therapy. 
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In the evaluation of publication bias, Egger 
regression of normalized effect vs. precision for all 
included studies of “∆TC” among AA vs. placebo 
therapy in diabetic patients was 1.24 (95% CI: -1.65 
to 4.13, p= 0.27) and Begg-Mazumdar Kendall’s 
test on the standardized effect vs. variance indicated 
tau= 0.4, p= 0.48 (Figure 7-a). 
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Figure 7. Publication bias indicators in diabetic patients; 
a- for the outcome of “∆TC” in studies with AA 
comparing to placebo therapy, b- for the outcome of 
“∆Tg” in studies with AA comparing to placebo therapy, 
c- for the outcome of “∆LDL-C” in studies with AA 
comparing to placebo therapy. 

Effect of antioxidants in comparison to placebo 
therapy on TC level in diabetic patients  
The summary for the standardized effect size of 
mean differences of TC in diabetic patients “∆TC” 
for antioxidants therapy, in three included trials 
compared to placebo in two studies (59, 65), was  
-12.66 with 95% CI: -53.04 to 27.73 that was 
greater than null (p= 0.54, Figure 6-b). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.09) and could 
be combined however, because of the low number 
of included studies, the random effects for 
individual and summary of effect size for 
standardized mean was applied. Publication bias for 
included studies for “∆TC” in diabetic patients 
among antioxidants vs. placebo therapy could not 
be evaluated because of too few strata. 
 
Effect of AA plus antioxidants in comparison to 
placebo therapy on TC level in diabetic patients  
The summary for the standardized effect size of 
mean differences of TC in diabetic patients “∆TC” 
for AA plus antioxidants therapy, in three included 
trials compared to placebo in two studies (59, 65) 
was -14.45 with 95% CI: -52.84 to 23.95 that was 
greater than null (p= 0.46, Figure 6-c). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.15) and could 
be combined however, because of few low number 
of included studies the random effects for individual 
and summary of effect size for standardized mean 
was applied. Publication bias for included studies 
for “∆TC” in diabetic patients among AA plus 
antioxidants vs. placebo therapy could not be 
evaluated because of too few strata. 
 
Effect of AA in comparison to placebo therapy in 
Tg in diabetic patients  
The summary for the standardized effect size of 
mean differences of Tg in diabetic patients “∆Tg” 
for AA therapy, in five included trials compared to 
placebo in four studies (58, 59, 61, 65), was= -21.93 
with 95% CI: -48.55 to 4.69 that was greater than 
null (p= 0.11, Figure 8-a). The Cochrane Q test for 
heterogeneity indicated that the studies are not 
heterogeneous (p= 0.89) and could be combined, 
thus the fixed effects for individual and summary of 
effect size for standardized mean was applied. In 
evaluation of publication bias, Egger regression on 
normalized effect vs. precision for all included 
studies of “∆Tg” among AA vs. placebo therapy in 
diabetic patients was -0.01 (95% CI: -1.7 to 1.67, 
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p= 0.98) and Begg-Mazumdar Kendall’s test on the 
standardized effect vs. variance indicated tau= 0, 
p= 0.82 (Figure 7-b). 
 
a 

Effect size meta-analysis plot [fixed effects]
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  0  

pooled weighted mean difference = -21.928041  (95% CI = -48.55021 to 4.694129)

 
b 

Effect size meta-analysis plot [random effects]
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c 

Effect size meta-analysis plot [random effects]
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Figure 8. Individual and pooled relative risk for the 
outcome of “∆Tg” in diabetic patients; a- AA comparing 
to placebo therapy, b- antioxidants comparing to placebo 
therapy, c- AA plus antioxidants comparing to placebo 
therapy. 

Effect of antioxidants in comparison to placebo 
therapy on Tg level in diabetic patients  
The summary for standardized effect size of mean 
differences of Tg in diabetic patients “∆Tg” for 
antioxidants therapy, in three included trials 
compared to placebo in two studies (59, 65), was  
-6.56 with 95% CI: -60.31 to 47.19 that was greater 
than null (p= 0.8, Figure 8-b). The Cochrane Q test 
for heterogeneity indicated that the studies are not 
heterogeneous (p= 0.89) and could be combined, 
but because of low number of included studies the 
random effects for individual and summary of effect 
size for standardized mean was applied. Publication 
bias for included studies for “∆Tg” in diabetic 
patients among antioxidants vs. placebo therapy 
could not be evaluated because of too few strata. 
 
Effect of AA plus antioxidants in comparison to 
placebo therapy on Tg level in diabetic patients  
The summary for standardized effect size of mean 
differences of Tg in diabetic patients “∆Tg” for AA 
plus antioxidants therapy, in three included trials 
compared to placebo in two studies (59, 65), was  
-7.18 with 95% CI: -63.34 to 48.98 that was greater 
than null (p= 0.8, Figure 8-c). The Cochrane Q test 
for heterogeneity indicated that the studies are not 
heterogeneous (p= 0.8) and could be combined, but 
because of low number of included studies the 
random effects for individual and summary of effect 
size for standardized mean was applied. Publication 
bias for included studies for “∆Tg” in diabetic 
patients among AA plus antioxidants vs. placebo 
therapy could not be evaluated because of too few 
strata. 
 
Effect of AA in comparison to placebo therapy in 
LDL-C in diabetic patients  
The summary for the standardized effect size of 
mean differences of LDL-C in diabetic patients 
“∆LDL-C” for AA therapy, in five included trials 
compared to placebo in four studies (58, 59, 63, 65), 
was -12.59 with 95% CI: -22.34 to -2.84 (p= 0.01, 
Figure 9-a). The Cochrane Q test for heterogeneity 
indicated that the studies are not heterogeneous (p= 
0.07) and could be combined, thus the fixed effects 
for individual and summary of effect size for 
standardized mean was applied. In the evaluation of 
publication bias, Egger regression of normalized 
effect vs. precision for all included studies of 
“∆LDL-C” among AA vs. placebo therapy in 
diabetic patients was 0.69 (95% CI: -4.43 to 5.78, 
p= 0.7) and Begg-Mazumdar Kendall’s test on the 
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standardized effect vs. variance indicated tau= 0.2, 
p= 0.82 (Figure 7-c). 
 
a 

Effect size meta-analysis plot [fixed effects]
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Delorianzadeh, et al, 2008

Shakouri Mahmoudabadi, et al, 2011

Bhatt, et al, 2012

  0  

pooled weighted mean difference = -12.587297  (95% CI = -22.340145 to -2.834449)

 
b 

Effect size meta-analysis plot [random effects]
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c 

Effect size meta-analysis plot [random effects]
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Figure 9. Individual and pooled relative risk for the 
outcome of “∆LDL-C” in diabetic patients; a- AA 
comparing to placebo therapy, b- antioxidants comparing 
to placebo therapy, c- AA plus antioxidants comparing to 
placebo therapy. 
 

Effect of antioxidants in comparison to placebo 
therapy on LDL-C level in diabetic patients  
The summary for the standardized effect size of 
mean differences of LDL-C in diabetic patients 
“∆LDL-C” for antioxidants therapy in three 
included trials compared to placebo in two studies 
(59, 65), was 22.38 with 95% CI: -0.51 to 45.26, 
greater than null (p= 0.06, Figure 9-b). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.32) and could 
be combined, but because of the low number of 
included studies, the random effects for individual 
and summary of effect size for standardized mean 
was applied. Publication bias for included studies 
for “∆LDL-C” in diabetic patients among 
antioxidants vs. placebo therapy could not be 
evaluated because of too few strata.   
 
Effect of AA plus antioxidants in comparison to 
placebo therapy on LDL-C level in diabetic 
patients  
The summary for the standardized effect size of 
mean differences of LDL-C in diabetic patients 
“∆LDL-C” for AA plus antioxidants therapy, in 
three included trials compared to placebo in two 
studies (59, 65), was 13.59 with 95% CI: -9.14 to 
36.32, greater than null (p= 0.2, Figure 9-c). The 
Cochrane Q test for heterogeneity indicated that the 
studies are not heterogeneous (p= 0.82) and could 
be combined, but because of low number of 
included studies the random effects for individual 
and summary of effect size for standardized mean 
was applied. Publication bias for included studies 
for “∆LDL-C” in diabetic patients among AA plus 
antioxidants vs. placebo therapy could not be 
evaluated because of too few strata. 
 
Secondary outcome measures 
Due to few available data for HDL-C, insulin, SBP, 
and DBP in eligible RCTs, heterogeneity 
assessment and pooling data were impossible. 
However, detail of these data are shown in tables 
4(a, b) and 5(a, b). 
 
DISCUSSION 
 
Overall, observational studies have shown an 
inverse association between AA status or self-
reported intake of AA with/without antioxidants 
and development of T2DM that was significant in 
20.74% of the total participants. However, due to 
methodological heterogeneity, meta-analysis of the 
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reported data was impossible. The meta-analysis of 
5 eligible RCTs involving 385 subjects revealed 
that, even though a significant decrease in FBS 
levels following AA consumption in diabetic 
subjects might be seen, the changes were not 
significant when it comes to measuring the HbA1c 
levels after intervention with AA and/or other 
antioxidants. Although reduction in FBS was 
observed in two trials (59, 61), the greatest 
reduction was found in a the trials where AA was 
administered for at least 3 months and with a 
minimum dose of 1,250 mg per day (61). However, 
the meta-analysis of 2 RCTs that compared the 
effect of other antioxidants vs. placebo and also 
meta-analysis of 3 other RCTs that evaluated the 
mixed mode consumption of antioxidants and AA 
vs. placebo on FBS were not significant. 

Many data have established the key role of 
oxidative stress in the glycation of hemoglobin, 
peroxidation of cell membrane lipids, and finally 
tissue damage (3, 70). A further evidence for the 
biological plausibility of these findings has been 
provided by recent studies in which the effects of 
AA in glucose metabolism have been assessed. AA 
has various functions against the oxidative process. 
This vitamin can scavenge ROS, inhibit the launch 
of chain reactions that lead to protein glycation, and 
protect against lipid peroxidation (71-73). Ascorbyl 
radical and dehydroascorbic acid are oxidation 
products of ascorbic acid that can be reduced back 
to AA by glutathione. In the meantime, the AA can 
support recycling back of VE and glutathione from 
their oxidized forms (71, 74).  

A variety of epidemiological and observational 
studies have been conducted to assess the effects of 
AA on oxidative stress conditions in diabetics and  
have reported conflicting results. Observational 
prospective cohorts have indicated that low levels 
of serum AA are associated with a reduced risk of 
diabetes (52, 54, 75). A large, 12-year population-
based study involving 21,831 participants in the 
European Prospective Investigation of Cancer-
Norfolk Prospective Study identified 735 incident 
cases of diabetes and revealed a significantly lower 
DM risk by elevation  of serum AA (odds 
ratio=0.38, CI 95%: 0.28-0.52) (39). In contrast, 
some RCTs have demonstrated no association 
between AA supplementation and the risk of 
T2DM. One randomized, open label, double-blind 
intervention trial reported no improvement in blood 
pressure, FBS, HbA1c, TG and HDL-C, after 
intervention with 500 mg/day of AA for 3 months 

in a group of 30 T2DM subjects, compared to 
baseline and also placebo group (58). The sole 
significant change was observed in the present 
study, was a remarkable improvement in TC and 
LDL-C levels. Some researchers suggested an 
improvement in glycemic control after AA 
supplementation (68, 69). For instance, study of 
Delvarianzadeh et al. (61) showed a link between 
AA intake and HbA1c whereas Shoff et al. (55) 
reported non-significant difference in mean HbA1c 
among the highest vs. lowest quintiles of AA 
supplementation in 2,141 subjects. Accordingly, our 
meta-analysis showed no significant association 
between HbA1c and AA intake vs. placebo. 

Several possible reasons may account for the 
observed controversial results in observational 
studies and RCTs. Under different physiological 
conditions, AA can have preoxidant or antioxidant 
effects (76). However, required serum concentration 
and doses that are needed to induce the oxidative 
stress are different from those that are required for 
induction of other effects. This feature of AA is not 
usually considered when epidemiological studies 
are performed (76). Normal or high physiological 
level of AA (60-100 µmol/l) can attenuate the 
oxidative damage (77-79), while its prooxidant 
function that occurs in the presence of some metals 
such as copper and iron, can promote the oxidative 
damage (80). A level of 200 mg AA that is usually 
obtained from vitamin C-rich foods produces an 
average serum concentration of 90 µmol (81). In 
normal conditions, physiological availability of AA 
is low, which mostly is due to the instability of this 
vitamin, poor intestinal absorption, and easy 
excretion (75). High levels of glucose in the blood 
can induce intracellular AA deficiency, which is 
caused by competition of glucose with this vitamin 
for tissue uptake (82-84). Moreover, bioavailability 
of AA also depends on amounts of transporting 
proteins and their binding affinity (85) which is 
impaired in chronic conditions such as diabetes. It is 
known that cellular uptake of AA is orchestrated by 
blood levels of both glucose and insulin (86, 87). 
Therefore, the presence of hyperglycemia in 
diabetic subjects could increase the urinary loss of 
this vitamin and subsequently results in lower levels 
of AA in diabetics (88). Taking it as a whole, it is 
clear that diabetic subjects require higher doses of 
AA than recommended dietary allowance (RDA). 
Among healthy men and women, the daily RDA of 
AA is 90 and 75 mg, respectively. In hyperglycemic 
subjects, this measure should be increased by 35 
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mg/day (89). AA intake in all RCTs included in our 
meta-analysis was at least 200 mg daily from 8 
weeks to 3 months. Two RCTs that investigated AA 
supplementation of 200 and 1,250 mg daily, showed 
a significant effect on FBS versus placebo over 8-
12 weeks (59, 61). However, by daily 
supplementation of 200 (63) or 500 mg daily (58) 
for 12 weeks, or 500 mg daily for 4-8 weeks (65) 
the FBS was not improved versus placebo. After 
pooling data, effect size was increased and showed 
the significant beneficial effect of AA intake on 
FBS versus placebo. Due to few RCTs, we could 
not perform subgroup analysis to determine type of 
AA supplemet, effective dosage and treatment 
duration. 

Although, observed benefits in some of our 
observational studies were related to co-
administration of AA and antioxidants (34, 41, 42, 
47,52), in majority of studies, single AA was taken 
(32, 36, 37, 39, 40, 45, 49, 53, 54). It is thought that 
the benefits reported in the epidemiological studies 
in which AA and/or antioxidants are co-
administrated, might be related to intake of higher 
amounts of fruits and vegetables, as a complex 
mixture of micronutrients or synergistic interaction 
between natural antioxidants (56). It is expected 
that co-administration of two or more vitamins and 
antioxidants is more effective than single 
supplementation ( 90), and selecting the kind of 
antioxidants to combine together has a crucial 
importance. The benefits of mixture consumption of 
a hydrophilic (AA) with a hydrophobic (VE) 
antioxidant have been reported ( 91) as this benefit 
was shown in our included studies (34, 41, 42, 47, 
52). However, as we mentioned previously, 
observed benefitial effects in our RCTs and most of 
observational studies were related to sole intake of 
AA. Steinberg et al ( 92) suggested that since many 
of pathological changes seen in diabetes have been 
developed few years before clinical presentation, it 
may take more than 5 years for antioxidant therapy 
to reverse the pathological changes. It is clear that 
beneficial effect of AA supplementation after a few 
weeks cannot be documented based on HbA1c 
measurement, because this measure reflects a mean 
glucose level over the last three months. We have to 
mention that total daily dosages of AA in included 
studies had a wide variation ( 93). In some included 
studies in our systematic review, small dose of AA 
and/or other antioxidants was employed while in 
others, high dose of antioxidants was administered. 
It should be noted that large intake of AA does not 

necessarily guaranty the full absorption. In fact, 
plasma AA concentration is tightly controlled by 
three mechanisms: intestinal absorption, tissue 
transport, and renal reabsorption. In addition, in 
response to sudden high oral intake of AA, exess 
AA is largely excreted in the urine ( 94-96). AA is 
generally considered safe in normal individuals, but 
in special conditions such as renal stones, 
hyperoxaluria, dialysis, renal failure or kidney 
transplantation, administration of high amounts of 
AA could be harmful due to oxalate formation (97). 
One of the diabetes complication is diabetic 
nephropathy that happens few years after onset of 
diabetes. Therefore,  high dose of AA therapy 
should be avoided in these conditions. AA 
administration is also contraindicated in patients 
with systemic iron overload due to increased iron 
absorbtion, and in angioplastic patients due to 
increased risk of cardiovascular diseases (95, 97).  
Respectively, Lee et al (95) found that high dose of 
AA could increase the rate of cardiovascular 
complications in a 15 year prospective study. 

Analysis of our secondary outcomes revealed a 
significant improvement in TC, and LDL-C levels 
in the AA group compared to placebo or 
antioxidants treated subjects, a result that was 
consistent with the findings of Ginter et al (98). As 
it is shown in human and animal studies, long term 
AA intake leads to elevation of ascorbate 
concentration in the liver, which subsequently could 
result in an enhanced rate of cholesterol 
transformation to bile acids (99, 100).  

We could not see the beneficial effects of other 
antioxidants; eicosapentaenoic acid (59), or VE (63, 
65) with/without AA on FBS, this finding was 
similar to results obtained by previous meta-
analysis in diabetics (13, 101). 

Our study supports the role of AA in reduction 
of FBS in diabetics, however, due to lack of 
evidences on long term safety of the vitamin 
supplementation and insufficient available RCTs 
involved in our meta-analysis, we cannot strongly 
recommend  the long term use of this vitamin for its 
anti-diabetic properties. Although American 
Diabetes Associationhas recommended 8-10 daily 
servings of fruits and vegetables as a source of AA 
for diabetic patients (102), we think, according to 
our findings regarding the positive effect of AA on 
FBS, serving the only natural source of AA is not 
enough and AA supplements should be considered 
in diabetics.  



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

578 

Our study has some strengths and of course 
some limitations. Firstly, this meta-analysis, for the 
first time, assessed the effects of AA 
supplementation on plasma concentrations of FBS 
and HbA1c. Moreover, the trials included in this 
meta-analysis were all RCTs, which allow reliable 
inferences about causality. Among our limitations, 
we should mention that we needed to include small 
trials with limited subjects and varied dosage of 
AA. This variation limited our ability to performe 
subgroup analysis and definie dosage and duration 
of AA recommendations in T2DM. Our second 
limitation was considerable trial heterogeneity. Our 
third limitation was  the wide variation in quality of 
RCTs included in this meta-analysis. Of 12 trials, 
only 4 trials had score equal to 4 (high-quality 
studies) and the others were catergorized as low 
quality studies. Moreover only for few studies, we 
were able to pool the data and perform the meta-
analysis. These conditions could affect the 
confidence of this meta-analysis. Publication bias 
could be a potential limitation in this study. 
However, we tried to explore the possibility of this 
bias by using funnel plot and Egger’s test and found 
that publication bias did not have significant effect 
on the results of AA and/or other antioxidants 
supplementation on FBS and lipid profiles. Finally, 
except in study performed by Lee et al. (95), no 
study has yet assessed the long-term safety and 
efficacy of AA intake on other tissues and organs. 
We concluded that our systematic review of 
observational studies and meta-analysis of RCTs 
identified a significant correlation between AA and 
improvements in FBS level in diabetics. However, 
yet large-scale randomized trials are needed to 
investigate the effect of AA supplementation on 
FBS and HbA1c. Taken together, it should be 
appropriate to suggest that diabetic subjects without 
contraindication of AA intake might benefit more 
from taking a combination of antioxidants, from 
either natural sources and/ or fortified foods, and 
AA supplementation. 
 
ACKNOWLEDGEMENT 
 
This paper is the outcome of an in-house study with 
no external financial support. The authors declare 
that they have no conflict of interest. 
 
 
 
 

REFERENCES 
 
1. Executive summary IDF Diabetes Atlas 6th Edition. 

International Diabetes Federation, 2013. Available at          
www.idf.org/sites/default/files/EN_6E_Atlas_Exec_
Sum_1.pdf.  Last updated 2014. 

2. Maritim AC, Sanders RA, Watkins JB. Diabetes, 
oxidative stress, and antioxidants: a review. J 
Biochem Mol Toxicol, 2003; 17(1):24-38.  

3. Rahimi R, Nikfar S, Larijani B, Abdollahi M. A 
review on the role of antioxidants in the 
management of diabetes and its complications. 
Biomed Pharmacother, 2005; 59:365-373. 

4. Saeidnia S, Abdollahi M. Toxicological and 
pharmacological  concerns on oxidative stress and 
related diseases.Toxicol Appl Pharmacol, 2013; 273: 
442-455. 

5. Ratnam DV, Ankola DD, Bhardwaj V, Sahana DK, 
Kumar MN. Role of antioxidants in prophylaxis and 
therapy: A pharmaceutical perspective. J Control 
Release, 2006; 113:189-207. 

6. Madian AG, Myracle AD, Diaz-Maldonado N, et al. 
Differential carbonylation of proteins as a function 
of in vivo oxidative stress. J Proteome Res, 2011; 
10: 3959-3972. 

7. Robertson RP. Chronic oxidative stress as a central 
mechanism for glucose toxicity in pancreatic islet 
beta cells in diabetes. J Biol Chem, 2004; 279: 
42351-42354. 

8. Gey K, Puska P, Jordan P, Moser U. Inverse 
correlation between plasma vitamin E and mortality 
from ischemic heart disease in cross-cultured 
epidemiology. Am J Clin Nutrit, 1991; 53: 326S-
334S. 

9. Gey K, Moser U, Jordan P, et al. Increased risk of 
cardiovascular disease at suboptimal plasma 
concentration of essential antioxidants: an 
epidemiological update with special attention to 
carotene and vitamin C. Am J Clin Nutr, 1993; 57: 
787S-797S. 

10. WHO. Definition, diagnosis and classification of 
diabetes mellitus and its complications: report of a 
WHO consultation, Part 1: diagnosis and 
classification of diabetes mellitus. World Health 
Organization 1999, Geneva. 

11. Lamb RE, Goldstein BJ. Modulating an oxidative-
inflammatory cascade: potential new treatment 
strategy for improving glucose metabolism, insulin 
resistance, and vascular function. Int J Clin Pract, 
2008; 62:1087–1095. 

12. Evans JL, Maddux BA, Goldfine ID. The molecular 
basis for oxidative stress-induced insulin resistance. 
Antioxid Redox Signal, 2005; 7: 1040–1052. 

13. Xu R, Zhang S, Tao A, Chen G, Zhang M. Influence 
of vitamin E supplementation on glycaemic control: 
a meta analysis of randomized controlled. PLoS One 



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

579 

2014; 9: e95008. Doi: 10.1371 / 
journal.pone.0095008. 

14. Mandl J, Szarka A, Bánhegyi G. Vitamin C: update 
on physiology and pharmacology. Br J Pharmacol, 
2009; 157:1097-1110. 

15. Buettner GR, Jurkiewicz BA. Catalytic metals, 
ascorbate and free radicals: combinations to avoid. 
Radiat Res, 1996; 145: 532–541. 

16. Duarte TL, Lunec J. Review: when is an antioxidant 
not an antioxidant? A review of novel actions and 
reactions  of vitamin C. Free Radic Res, 2005; 39: 
671–686. 

17. Clarke MW, Burnett JR, Croft KD. Vitamin E in 
human health and disease. Crit Rev Clin Lab Sci, 
2008; 45:417-450. 

18. Radimer K, Bindewald B, Hughes J, et al. Dietary 
supplement use by US adults: data from the National 
Health and Nutrition Examination Survey, 1999-
2000. Am J Epidemiol, 2004; 160: 339-349. 

19. Levine M, Rumsey SC, Daruwala R, Park JB, Wang 
Y. Criteria and recommendations for vitamin intake. 
JAMA, 1999; 281: 1415–1423. 

20. Hathcock JN, Azzi A, Blumberg J, et al. Vitamins E 
and C are safe across a broad range of intakes. Am J 
Clin Nutr, 2005; 81:736-745. 

21. Steffner RJ, Wu L, Powers AC, May JM. Ascorbic 
acid recycling by cultured beta cells: effects of 
increased glucose metabolism. Free Radic Biol Med, 
2004; 37: 1612–1621. 

22. Carr AC, Frei B. Toward a new recommended 
dietary allowance for vitamin C based on antioxidant 
and  health effects in humans. Am J Clin Nutr, 1999; 
69: 1086-1107. 

23. Vandenbroucke JP, von Elm E, Altman DG, et al. 
STROBE Initiative. Strengthening the reporting of  
observational studies in epidemiology (STROBE): 
Explanation and elaboration. PLoS Med, 2007;4: 
e297. DOI: 10.1371/journal.pmed.0040296 

24. Halpern SH, Douglas MJ. Jadad scale for reporting 
randomized controlled trials. Evidence-based 
Obstetric Anesthesia, 2005; 237-238. 
DOI: 10.1002/9780470988343.app1 

25. American Diabetes Association. Diagnosis and 
classification of diabetes mellitus. Diabetes Care, 
2014; 37(Suppl. 1): S81–S90. 

26. The DECODE Study Group. Glucose tolerance and 
mortality: Comparison of WHO and American 
Diabetes Association diagnostic criteria. Lancet, 
1999; 354: 617-621. 

27. DeSimonian R, Laird N. Meta-analysis in clinical 
trials. Control Clin Trials, 1986; 7: 177-188. 

28. Whitehead A and Whitehead J. A general parametric 
approach to the meta-analysis of randomized clinical 
trials. Stat Med, 1991; 10: 1665-1677. 

29. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ, 
2003; 327: 557-560. 

30. Egger M, Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. 
BMJ, 1997; 315:629-634. 

31. Moher D, Liberati A,Tetzlaff J, Altman DG. 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses: the PRISMA statement. BMJ, 
2009; 339: b2535. DOI: 10.1371 / 
journal.pmed.1000097 

32. Carter P, Gray LI, Talbot D, et al. Fruit and 
vegetable intake and the association with glucose 
parameters: a cross-sectional analysis of the Let’s 
Prevent Diabetes Study. Eur J Clin Nutr, 2013; 67: 
12-17. 

33. O'Neil CE, Nicklas TA, Rampersaud GC, Fulgoni 
VL 3rd. 100% orange juice consumption is 
associated with better diet quality, improved nutrient 
adequacy, decreased risk for obesity, and improved 
biomarkers of health in adults: National Health and 
Nutrition Examination Survey, 2003-2006. Nutr J, 
2012; 11:107. Doi: 10.1186/1475-2891-11-107. 

34. Kositsawat J, Freeman VL. Vitamin C and A1c 
relationship in the National Health and Nutrition 
Examination Survey (NHANES) 2003-2006. J Am 
Coll Nutr, 2011; 30:477-483. 

35. Song Y, Xu Q, Park Y, et al. Multivitamins, 
individual vitamin and mineral supplements, and 
risk of diabetes among older U.S. adults. Diabetes 
Care, 2011; 34:108-114.  

36. Samuel TV. Proxidant and antioxidant status in type 
2 diabetes with relation to its duration.  IJPBS, 2011; 
2: 386-391. 

37. Shim JE, Paik HY, Shin CS, Park KS, Lee HK. 
Vitamin C nutriture in newly diagnosed diabetes. J 
Nutr Sci Vitaminol (Tokyo), 2010; 56:217-221. 

38. Prynne CJ, Mander A, Wadsworth ME, Stephen 
AM. Diet and glycosylated haemoglobin in the 1946 
British birth cohort. Eur J Clin Nutr, 2009; 63:1084-
1090.  

39. Harding AH, Wareham NJ, Bingham SA, et al. 
Plasma vitamin C level, fruit and vegetable 
consumption, and the risk of new-onset type 2 
diabetes mellitus: the European prospective  
investigation of cancer-Norfolk prospective study. 
Arch Intern Med, 2008; 168:1493-1499.  

40. Fadupin GT, Akpoghor AU, Okunade KA. A 
comparative study of serum ascorbic acid level in 
people with and without type 2 diabetes in Ibadan, 
Nigeria. Afr J Med Med Sci, 2007; 36:335-339. 

41. Kooshki A, Golafroz M. Effects of macro-and micro 
nutrients intake on blood sugar, serum triglyceride 
and cholesterol in type II diabetes. J Birjand 
University of Medical Sciences, 2006; 13: 45-50. 

42. Bates CJ, Lean ME, Mansoor MA, Prentice A. 
Nutrient intakes; biochemical and risk indices 
associated with Type  2 diabetes and glycosylated 
haemoglobin, in the British National Diet and 



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

580 

Nutrition Survey of people aged 65 years and over. 
Diabet Med, 2004; 21:677-684. 

43. Montonen J, Knekt P, Järvinen R, Reunanen A. 
Dietary antioxidant intake and risk of type 2 
diabetes. Diabetes Care, 2004; 27:362-366.  

44. Merzouk S, Hichami A, Madani S, et al. Antioxidant 
status and levels of different vitamins determined by 
high performance liquid chromatography in diabetic 
subjects with multiple complications. Gen Physiol 
Biophys, 2003; 22:15-27. 

45. Birlouez-Aragon I, Delcourt C, Tessier F, Papoz L; 
POLA Study Group. Pathologies Oculaires Liées à 
l'Age. Associations of age, smoking habits and 
diabetes with plasma vitamin C of elderly of the 
POLA study. Int J Vitam Nutr Res, 2001; 71:53-59.  

46. Ford ES. Vitamin supplement use and diabetes 
mellitus incidence among adults in the United 
States. Am J Epidemiol, 2001; 153:892-897. 

47. Boeing H, Weisgerber UM, Jeckel A, Rose HJ, 
Kroke A. Association between glycated hemoglobin 
and diet and other lifestyle factors in a nondiabetic 
population: cross-sectional evaluation of data from 
the Potsdam cohort of the European Prospective 
Investigation into Cancer and Nutrition Study. Am J 
Clin Nutr, 2000; 71:1115-1122. 

48. Firoozrai M, Soloukizadeh N, Danesh Doust L, 
Ghafari M. Levels of ascorbic acid (vitamin C) in 
plasma and mononuclear leukocytes of patients with 
type II diabetes mellitus. J Iran University of 
Medical Sciences, 2000; 21: 207-212. 

49. Sargeant LA, Wareham NJ, Bingham S, et al. 
Vitamin C and hyperglycemia in the European 
Prospective Investigation into Cancer-Norfolk 
(EPIC-Norfolk) study: a population-based study. 
Diabetes Care, 2000; 23:726-732. 

50. Will JC, Ford ES, Bowman BA. Serum vitamin C 
concentrations and diabetes: findings from the Third 
National Health and Nutrition Examination Survey, 
1988-1994. Am J Clin Nutr, 1999; 70:49-52. 

51. Maxwell SRJ, Thomason H, Sandler D, et al. Poor 
glycemic control is associated with reduced serum 
free radical scavenging (antioxidant) activity in non-
insulin-dependent diabetes mellitus. Ann Clin 
Biochem, 1997; 34: 638-644. 

52. Sundaram RK, Bhaskar A, Vijayalingam S, et al. 
Antioxidant status and lipid peroxidation in type II 
diabetes mellitus with and without complications. 
Clin Sci (Lond), 1996; 90:255-260. 

53. Feskens EJ, Virtanen SM, Räsänen L, et al. Dietary 
factors determining diabetes and impaired glucose 
tolerance. A 20-year follow-up of the Finnish and 
Dutch cohorts of the Seven Countries Study. 
Diabetes Care, 1995; 18:1104-1112. 

54. Sinclair AJ, Taylor PB, Lunec J, Girling AJ, Barnett 
AH. Low plasma ascorbate levels in patients with 
type 2 diabetes mellitus consuming adequate dietary 
vitamin C. Diabet Med, 1994; 11:893-898. 

55. Shoff SM, Mares-Perlman JA, Cruickshanks KJ, et 
al. Glycosylated hemoglobin concentrations and 
vitamin E, vitamin C, and beta-carotene intake in 
diabetic and nondiabetic older adults. Am J Clin 
Nutr,1993; 58:412-416. 

56. Lysy J, Zimmerman J. Ascorbic acid status in 
diabetes mellitus. Nutr Res, 1992; 12: 713-720. 

57. Institute of Medicine (U.S.), Panel on Dietary 
Antioxidants and Related Compounds, Dietary 
reference intakes for vitamin C, vitamin E, selenium, 
and carotenoids: a report of the Panel on Dietary 
Antioxidants and Related Compounds, 
Subcommittees on Upper Reference Levels of 
Nutrients and of Interpretation and Use of Dietary 
Reference Intakes, and the Standing Committee on 
the Scientific Evaluation of Dietary Reference 
Intakes, Food and Nutrition Board, Institute of 
Medicine, Washington D.C., National Academy 
Press., 2000. 

58. Bhatt J, Thomas S, MJ N. Effect of oral 
supplementation of vitamin C on glycemic control 
and lipid profile in patients with type 2 diabetes 
mellitus. Int J Pharm Pharm Sci, 2012; 4: 524-527. 

59. Shakouri Mahmoudabadi MM, Djalali M, Djazayery 
SA, et  al. Effects of eicosapentaenoic acid and 
vitamin C on glycemic indices, blood pressure, and 
serum lipids in type 2 diabetic Iranian males. J Res 
Med Sci, 2011; 16: 361-367. 

60. Song Y, Cook NR, Denburgh MV, Manson JE. 
Effects of vitamins C and E and β-carotene on the 
risk of type 2 diabetes in women at high risk of 
cardiovascular disease: a randomized controlled 
trial. Am J Clin Nutr, 2009; 90: 429-437. 

61. Delvarianzadeh M, Abbasian M, Norouzi P. Effect 
of vit C supplement on fasting blood glucose and 
plasma lipid level in type II diabetic patients. Full 
texts in Persian. Knowledge and Health, 2008; 3: 39-
43. 

62. Afkhami-Ardekani M and Shojaoddiny-Ardekani A. 
Effect of vitamin C on blood glucose, serum lipids 
& serum insulin in type 2 diabetes patients. Indian J 
Med Res, 2007; 126: 471-474. 

63. Farvid MS, Siasi F, Jalali M. The impact of vitamin 
C and E, magnesium and Zinc on glycemic control 
and insulin resistance in type II diabetic patients. 
Tehran University Medical Journal, 2007; 64: 67-75. 

64. Czernichow S, Couthouis A, Bertrais S, et al. 
Antioxidant  supplementation does not affect fasting 
plasma glucose in the supplementation with 
antioxidant vitamins and minerals (SU.VI.MAX) 
study in France: association with dietary intake and 
plasma concentrations. Am J Clin Nutr, 2006; 84: 
395-399. 

65. Farvid M, Saadat N, Valai N, Aminpour A. 
Comparison of the supplementary effects of 
vitamins E, C and their combination on blood 



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

581 

glucose and lipid levels in diabetics. Pejouhandeh, 
2000;4: 429-435. 

66. Miller ER 3rd, Appel LJ, Levander OA, Levine DM. 
The effect of antioxidant vitamin supplementation 
on traditional cardiovascular risk factors. J 
Cardiovasc Risk, 1997; 4: 19-24. 

67. Eriksson J, Kohvakka A. Magnesium and ascorbic 
acid supplementation in diabetes mellitus. Ann Nutr 
Metab, 1995; 39: 217-223. 

68. Paolisso G, Balbi V, Volpe C, et al. Metabolic 
benefits deriving from chronic vitamin C 
supplementation in aged non-insulin dependent 
diabetes. J Am Coll Nutr, 1995; 14: 387-392. 

69. Bishop N, Schorah CJ, Wales JK. The effect of 
vitamin C supplementation on diabetic 
hyperlipidemia: a double blind, crossover study. 
Dibet Med, 1985; 2: 121-124. 

70. Monnier L, Mas E, Ginet C, et al. Activation of 
oxidative stress by acute glucose fluctuations 
compared with sustained chronic hyperglycemia in 
patients with type 2 diabetes. JAMA, 2006; 
295:1681-1687. 

71. Calder PC, Albers R, Antoine JM, et al. 
Inflammatory disease processes and interactions 
with nutrition. Br J Nutr, 2009; 101 Suppl 1: S1-
S45. 

72. Barlett HE, Eperjesi F. Nutritional supplementation 
for type 2diabetes: a systematic review. Ophthalmic 
Physiol Opt 2008; 28: 503-523. 

73. Cahill L, Corey PN, El-Sohemy A. Vitamin C 
deficiency in a population of young Canadian adults. 
Am J Epidemiol, 2009; 170: 464-471. 

74. Aguirre R, May JM. Inflammation in the vascular 
bed: importance of vitamin C. Pharmacol Ther, 
2008; 119: 96-103. 

75. Maxwell SR, Thomason H, Sandler D, et al. 
Antioxidant status in patients with uncomplicated 
insulin-dependent and noninsulin dependent diabetes 
mellitus. Eur J Clin Invest, 1997; 27: 484-490. 

76. Chertow B. Advances in diabetes for the 
millennium: vitamins and oxidant stress in diabetes 
and its complications. Med Gen Med, 2004; 6 (3 
Suppl):4. PMC1474834 

77. Lutsenko EA, Carcamo JM, Golde DW. Vitamin C 
prevents DNA mutation induced by oxidative stress. 
J Biol Chem, 2002; 277:16895–16899. 

78. Noroozi M, Angerson WJ, Lean ME. Effects of 
flavonoids and vitamin C on oxidative DNA damage 
to human lymphocytes. Am J Clin Nutr, 1998; 
67:1210–1218.  

79. Sweetman SF, Strain JJ, McKelvey Martin VJ. 
Effect of antioxidant vitamin supplementation on 
DNA damage and repair in human lymphoblastoid 
cells. Nutr Cancer, 1997; 27:122–130. 

80. Stich HF, Karim J, Koropatnick J, Lo L. Mutogenic 
action of ascorbic acid. Nature, 1976; 260:722–724. 

81. Padayatty SJ, Sun H, Wang Y, et al. Vitamin C 
pharmacokinetics: implications for oral and 
intravenous use. Ann Intern Med, 2004; 140: 533-
537. 

82. Mooradian AD. Effect of ascorbate and 
dehydroascorbate on tissue uptake of glucose. 
Diabetes, 1987; 36:1001–1004. 

83. Price KD, Price CS, Reynolds RD. Hyperglycemia-
induced latent scurvy and atherosclerosis: the 
scorbutic-metaplasia hypothesis. Med Hypotheses, 
1996;46: 119–129. 

84. Kónya C, Ferdinándy P. Vitamin C: new role of the 
old vitamin in the cardiovascular system. Br J 
Pharmacol, 2006; 147: 125–127. 

85. Blomhoff R, Green MH, Berg T, Norum KR. 
Transport and storage of vitamin A. Science, 1990; 
250: 399-404. 

86. Bigley R, Wirth M, Layman D, Riddle M, and 
Stankova L. Interaction between glucose and 
dehydroascorbate transport in human neutrophils 
and fibroblasts. Diabetes, 1983; 32: 545–548. 

87. Stankova L, Riddle M, Larned J, et al. Plasma 
ascorbate concentrations and blood cell 
dehydroascorbate transport in patients with diabetes 
mellitus. Metabolism, 1984; 33: 347–353. 

88. Will JC, Byers T. Does diabetes mellitus increase 
the requirement for vitamin C? Nutr Rev, 1996; 
54:193-202. 

89. Food and Nutrition Board, IOM, and National 
Academy of Sciences, Dietary Reference Intakes for 
Vitamin C, Vitamin E, Selenium, and Carotenoids. 
Washington, DC, The National Academies Press, 
2000. 

90. Tabatabaei-Malazy O, Larijani B, Abdollahi M. A 
novel management of diabetes by means of strong 
antioxidants’ combination. JMHI, 2013; 7; 25–30. 

91. Rodrigo R, Guichard C, Charles R. Clinical 
pharmacology and therapeutic use of antioxidant 
vitamins. Fundam Clin Pharmacol, 2007; 21:111-
127. 

92. Steinberg D. Clinical trials of antioxidants in 
atherosclerosis: are we doing the right thing? Lancet, 
1995; 346: 36–38. 

93. Nimbkar NV, Lateef F. Treatment of essential 
hypertension and non-insulin dependent diabetes 
mellitus with vitamin C. Med Hypotheses, 2007; 
68:1126-1133. 

94. Rehman A, Collis CS, Yang M, et al. The effects of 
iron and vitamin C co-supplementation on oxidative 
damage to DNA in healthy volunteers. Biochem. 
Biophys Res Commun, 1998; 246: 293–298. 

95. Lee DH, Folsom AR, Harnack L, Halliwell B, 
Jacobs Jr DR. Does supplemental vitamin C increase 
cardiovascular disease risk in women with diabetes? 
Am J Clin Nutr, 2004; 80: 1194-1200. 

96. de Saram K, McNeill KL, Khokher S, Ritter JM, 
Chowienczyk PJ. Divergent effects of vitamin C on 



J Pharm Pharm Sci (www.cspsCanada.org) 17(4) 554 - 582, 2014 
 

 
 

582 

relaxations of rabbit aortic rings to acetylcholine and 
NO-donors. Br J Pharmacol, 2002; 135: 1044–1050. 

97. Mandl J, Szarka A, Banhegyi G. Vitamin C: update 
on physiology and pharmacology. Br J Pharmachol, 
2009; 157: 1097-1110. 

98. Ginter E, Zdichynec B, Holzerová O, et al. 
Hypocholesterolemic effect of ascorbic acid in 
maturity-onset diabetes mellitus. Int J Vitam Nutr 
Res, 1978; 48:368-373. 

99. Ginter E. Ascorbic acid in cholesterol and bile acid 
metabolism. Ann N Y Acad Sci, 1975; 258: 410-
421. 

100. Hornig D, Weiser H. Ascorbic acid and cholesterol: 
effect of graded oral intakes on cholesterol 
conversion to bile acids in guinea-pigs. Experientia, 
1976; 32:687-689. 

101. Wu JH, Micha R, Imamura F, et al. Omega-3 fatty 
acids  and incident type 2 diabetes: a systematic 
review and meta-analysis. Br J Nutr, 2012;107 Suppl 
2:S214-227. 

102. American Diabetes Association. Standards of 
medical care in diabetes-2014. Diabetes Care, 2014; 
37 Suppl 1:S14-S80. 


