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Abstract

Background and aims: We conducted a systematic review and meta-analysis of clinical trials evaluating the role of
vitamin C supplementation on lipid profiles among diabetic patients to summarize the available findings.

Methods: A comprehensive search of PubMed, ScienceDirect, Google Scholar, and Cochrane Library databases was
performed. Clinical trials conducted on adult type 2 diabetic patients evaluating the effect of vitamin C supplementa-
tion and reported lipid profiles (cholesterol (TC), triglycerides (TG), low density lipoprotein (LDL), high density lipopro-
tein (HDL)) were included. Weighted mean difference (WMD) was calculated.

Results: Vitamin C supplementation had no significant effect on TC (WMD = —4.36 mg/dl (95% Cl — 10.24, 1.52)
p-value=0.146), LDL level (WMD =2.73 mg/dl (95% Cl — 1.72,7.17) p-value =0.229), and HDL level (WMD=0.91 mg/
dl (Cl — 045, 2.27) p-value =0.191). However, it reduced TG and secondary outcomes (FBS and HgA1Q): TG
(WMD=—11.15mg/dl (95% Cl —21.58, — 0.71) p-value =0.036), FBS (WMD = — 16.94 mg/dI Cl —21.84, — 12.04,
p-value =0.000), and HgA1C (WMD =—1.01% Cl —1.18, — 0.83, p-value =0.001. Subgroup analysis also depicted
younger patients, longer duration of treatment and higher dose were important factors. In addition, meta-regression
analysis indicated the significant role of patient age, duration of treatment, supplementation dose, BMI and other
baseline variables.

Conclusion: There is no adequate evidence to support vitamin C supplementation for dyslipidemias in diabetic
patients. Specific group of patients might have benefited including younger diabetic patients. Future researches
should give emphasis on the duration of treatment, the dose of vitamin C and baseline values.
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Background
Association of insulin resistance with elevated total tri-

dense low-density lipoprotein (LDL) and excess TG rich
remnants were attributed to insulin resistance [4]. In

glycerides (TG) and low-level high-density lipoprotein
cholesterol (HDL-C) is well established in many former
studies [1-3]. Lipoprotein abnormalities such as small
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light of the insulin resistance in Type 2 Diabetes Melli-
tus (T2DM), dyslipidemia is a common problem in these
patients. Worsening dyslipidemia and inflammation
overtime among T2DM patients rise concern regarding
the premature development of atherosclerosis [5].

Insulin resistance with attendant increase free fatty
acid flux into the liver pays a central role in triad of dys-
lipidemias in the form of high TG and high LDL-C and
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low HDL-C [6]. Other pathogenic mechanism of dia-
betic dyslipidemia relates to the increased production of
inflammatory cytokines such as tumor necrosis factor-
a. These cytokines increase insulin resistance and down
regulate HDL production while increasing the activity of
key enzymes promoting hypertriglyceridemia [7, 8].

The prevalence of dyslipidemia in diabetic patients
ranges up to 90%, especially in patients with poor gly-
cemic control [9]. Lipids are classically associated with
cardio vascular disease (CVD) and they are involved in
diabetic microvascular complications. Elevated total
cholesterol (TC) and TG levels have deleterious effects
on kidney resulted in nephropathy [10, 11], whereas,
increase in HDL level is suggested to be protective of
renal injury [12]. Development of retinal hard exudate
with diabetic macular edema has been noticed associ-
ated with elevated serum lipids [13]. Diabetic neuropathy
with possible vascular etiology was pointed out as result
of dyslipidemia [14]. The proportion of diabetic patients
receiving lipid lowering agents is increasing [15] indicat-
ing the urge to decrease lipids in these patients.

Ascorbic acid is a water soluble vitamin with antioxi-
dant activity, which, can also regenerate other antioxi-
dants like vitamin E [16]. However, some in vivo studies
implicated potential pro-oxidative effects of this vitamin
[17, 18]. Patients with diabetes have lower circulating
levels of vitamin C and higher level of lipid peroxides,
reports also suggest improvement in insulin action, gly-
cemic control and endothelial function [19]. Contrary
to these findings, high dose vitamin C may increase the
rate of cardiovascular complications, as observed in post-
menopausal women [20]. Such findings are inconclusive
to synthesize scientific evidence.

Besides clinical trials conducted from 1980’s till now,
we failed to retrieve a systematic review and meta-anal-
ysis study summarizing the effects of vitamin C supple-
mentation on lipid profile of T2DM patients. Thus, we
aimed to conduct a comprehensive systematic review and
meta-analysis of clinical trials to summarize the available
findings.

Methods

Literature searches

A comprehensive search of PubMed, ScienceDirect,
Google Scholar, and Cochrane Library databases was
performed. Reports were compiled according to the pref-
ered reporting items for systematic reviews and meta-
analysis (PRISMA) guideline [21]. Unpublished articles
were searched from clinical trials registration platforms.
Preprint articles were also retrieved from websites. Man-
ual search was conducted by screening the reference lists
of inclusive studies. The search strategy involves patients
with diabetes mellitus and intervention relevant terms
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including vitamin C or ascorbic acid with both Medical
Subject Headings (MeSH) and free text. The following
search terms were used with Boolean search operator.
Diabetes, “diabetes mellitus’, “type 2 DM, DM, “non-
insulin dependent diabetes mellitus’, “late onset diabetes
mellitus” vitamins, “vitamin C’; “ascorbic acid’, “antioxi-
dant vitamins’, “lipid profile’, “lipid indices’, cholesterol,
“total cholesterol’;, triglycerides, “high density lipopro-
teins” HDL, “low density lipoproteins” LDL. All relevant
articles published or unpublished available until the com-
mencement of the study were included.

Study selection and outcomes

Inclusion criteria

The studies were considered for inclusion if they are
clinical trials, performed among adult patients with
T2DM,; evaluating the effect of vitamin C supplementa-
tion; reporting mean and standard deviation, median
with maximum and minimum or median with 1% and 3¢
quartiles of lipid profiles (TC, TG, LDL, HDL) of inter-
vention and control groups. The time of intervention
should be at least two weeks. Due to feasibility, articles
published in English language/have English version was
included. All above mentioned researches conducted on
adults and before May 1, 2020 was included.

Exclusion criteria

The control group should be placebo or no treatment
at all, studies which have non-placebo control group
(active substance) were excluded. Cross over trials were
excluded from this meta-analysis. Studies lacking con-
trol group or with non-diabetic control were excluded.
This meta-analysis excluded in vitro and animal studies,
review articles, studies with cohort, case control or cross-
sectional design, trials with combination therapy (com-
bine vitamin C with other nutrients). Incomplete articles,
conference procedings, and duplicates was excluded. The
two authors independently screened the titles, abstracts
and full-text of retrieved articles to identify their eligibil-
ity and disagreements were resolved by discussion and
consensus among the two authors.

Outcome variables

The primary outcome of the current study was to assess
the effect of vitamin C supplementation on lipid profile
[measured in terms of TC, TG, HDL and LDL] among
type 2 DM patients. As secondary outcomes we also eval-
uated the effect of vitamin C on FBS and HgA1C among
those patients.

Data extraction and quality assessment
Data extraction were conducted by the two authors inde-
pendently using a predefined data extraction format.
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Fig. 1 PRISMA flow diagram of study selection to determine the effect of vitamin C on lipid profile among diabetic patients

Relevant variables extracted were study characteristics,
population characteristics, intervention characteristics,
and outcomes (TC, TG, LDL, HDL, FBS and HgA1C).
Disagreement on data extraction between the two inves-
tigators was solved by discussion and consensus. The risk
of bias of inclusive studies were assessed in accordance
with the Cochrane Collaboration Risk of Bias Tool [22].
The risk of bias of individual study was rated as low, mod-
erate, or high.

Statistical analysis

Since the outcome variables were continuous variables,
weighted mean difference (WMD) with 95% confidence
interval (CI) was calculated using random effects, inverse
variance model. I squared statistic (I) was used to

measure heterogeneity, with a I? >50% representing nota-
ble heterogeneity [23]. Subgroup analysis was performed
based on the dose of vitamin C, duration of supplementa-
tion and participants mean age.

For statistical feasibility (considering the number of
studies in each subgroup) the dose of vitamin C was
categorized in to two; (1) less than 1000 mg/day and
(2) greater than or equal to 1000 mg/day. The dura-
tion of supplementation was dichotomized in to less
than 12 weeks and greater than or equal to 12 weeks.
Whereas, the mean age of participants was categorized
after calculating grand mean, which was 52.87 years.
Studies reported median with maximum and minimum
or median with 1st and 3rd quartiles of lipid profiles (TC,
TG, LDL, HDL) and FBS or HgA1C of intervention and
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Table 1 Characteristic of included studies
Authors Year Samplesize Age Dose Duration Baseline values

FBS TC TG LDL HDL HgA1C BMI
Bhatt et al.[25] 2013 59 575 500 12 NR 196.83  160.31 9.67 5198 NR 258
El Al et al.[26] 2018 20 51.02 1000 12 15488 209.75 131.5285 12245 2291 8.065 27.87
Evans et al.[27] 2003 20 532 1000 6 157.5 21075 103.24 129.54 2765 845 289
Ghaffari et al.[28] 2015 30 519 800 8 17693 22735 NR 15993 4348 NR NR
Gilliani et al.[29] 2017 210° 378 500 52 14206 23359 8477 12008 379 9.15 23.90
Hemed et al.[30] 2016 39 52 1000 12 143.81 23938 12394 15712 3435 729 NR
Mahmoudabadietal[31] 2011 23 5145 200 8 15402 1636 148.92 100.7 4012 791 29.1
Rafighi et al.[32] 2011 58 5382 2667 12 15175 191.21 122.24 12962 3511 839 29.86
Ragheb et al. [33] 2020 27 55.16 500 8 143.89  230.72 10522 13841 6263 864 3357
Sanguanwong et al.[34] 2016 100 5775 1000 8 14863 17205 75.13 89.73 4134 772 25.74
Tousoulis et al.[35] 2007 20° 60 2000 4 NR 18213 8133 10324 3209 0648 285

BMI body mass index, FBS fasting blood sugar, HDL: high density lipoprotein, HgA1C hemoglobin A1C, LDL low density lipoprotein, TC total cholesterol, TG total

triglycerides, NR not reported

2 The sample size of the studies were corrected based on the number of experimental arms as indicated in methodology
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Fig. 2 The effect of vitamin C supplementation of serum cholesterol among type 2 diabetic patients. There was no significant reduction in total
cholesterol due to vitamin C. With moderate heterogeneity, the weighted mean difference was — 4.36 mg/dl Cl — 10.24-1.52 and p-value=0.146
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Table 2 Subgroup analysis of outcome variables based on mean age, treatment duration and daily vitamin C dose

Outcome Subgroup Studies Q statistic 1*(p-value) V4 ES(95% Cl) Inter-group 1%-p
TC Total 1 35.07 .5(0.000) 1.45(0.146) —4.36(—10.24,1.52)
Age <52.8 years 5 11.13 .1(0.025) 2.31(0.021) —11.54(—= 2132, — 1.75) 0.072
>52.8 years 6 20.7 75. 8(0 001) 0.08(0.935) — 0.31(— 7.66, 7.04)
Dose <1000 mg 6 1336 62.6(0.020) 1.8(0.072) — 8.88(— 1857,0.81) 0.250
> 1000 mg 5 20.39 80. 4(0 000) 0.46(0.647) — 1.73(—9.12,5.67)
Duration <12 week 6 13.56 3.1(0.019) 1.22(0.222) 5.1(—3.09,13.29) 0.001
>12 week 5 1093 63 4(0 027) 3.35(0.001) — 14.41(— 22,65, — 5.97)
TG Total 10 63.02 85.7(0.000) 2.09(0.036) — 11.15(—= 2158, — 0.71)
Duration <12 week 5 37.73 89.4(0.000) 1.73(0.084) 14(— 1.89, 29.90) 0.000
> 12 week 5 839 52.3(0.078) 4.28(0.000) —30.19(— 44.02, — 16.36)
Dose <1000 mg 5 54.82 92.7(0.000) 0.66(0.509) — 5.35(—21.24,10.53) 0.343
> 1000 mg 5 730 45.2(0.121) 2.20(0.028) — 15.55(—29.38, — 1.71)
Age <528 4 7.31 59(0.063) 4.15(0.000) — 39.66(— 5838, — 20.95) 0.000
>5238 6 4277 88. 3(0 000) 0.27(0.789) 1.71(— 10.86, 14.28)
LDL Total 1M 118.65 6(0.000) 1.2(0.229) 2.73(—1.72,7.17)
Dose <1000 mg 6 15.90 68. 6(0 007) 4.58(0.000) —17.77(=2537,—10.17) 0.000
> 1000 mg 5 60.34 93.4(0.000) 4.78(0.000) 13.35(7.88,18.82)
Duration <12 week 6 40.03 87.5(0.000) 6.04(0.000) 18.2(12.3,24.11) 0.000
> 12 week 5 17.82 77.5(0.001) 5.07(0.000) — 1745(=24.19, — 10.71)
Age <528 5 22.77 82.4(0.000) 2.96(0.003) — 12.98(— 21.57, — 4.40) 0.000
>52.8 6 7833 93. 6(0 000) 3.2(0.001) 846(3.27,13.65)
HDL Total 11 3511 .5(0.000) 1.31(0.197) 0.91(— 045,2.27)
Dose <1000 mg 6 18.11 76. 4(0 002) 1.07(0.284) 1.07(— 0.89,3.02) 0.822
> 1000 mg 5 16.95 72.4(0.003) 0.78(0.434) 0.76(— 1.14,2.65)
Duration <12 week 6 832 39.9(0.139) 1.54(0.122) —2.01(—4.57,0.54) 0.008
> 12 week 5 19.79 79.8(0.001) 2.51(0.012) 2.06(0.45,3.67)
Age <528 5 16.19 75.3(0.003) 2.94(0.003) 3.53(1.18,5.88) 0.007
>528 6 11.72 57.3(0.039) 0.49(0.627) — 041(— 2.08, 1.25)
FBS Total 11 50.88 80.3(0.000) 6.77(0.000) — 16.94(— 21.84, — 12.04)
Dose <1000 mg 6 20.72 75.9(0.001) 3.46(0.001) — 1749(— 27.39, — 7.59) 0.900
> 1000 mg 5 304 86. 7(0 000) 5.82(0.000) —16.76(— 2240, — 11.11)
Duration <12 week 6 503 61(0412) 1.12(0.246) —3.96(— 10.90, 2.98) 0.000
> 12 week 5 19.04 79. O(O 001) 8.45(0.000) — 29.86(— 36.79, — 22.93)
Age <528 5 20.71 80.7(0.000) 8.34(0.000) — 29.53(— 3647, — 22.59) 0.000
>528 6 497 0.0(0.419) 1.25(0.211) —441(—11.34,251)
HgA1C Total 10 85.8 89.5(0.000) 11.2(0.001) —1.01(—1.18,— 0.83)
Dose <1000 mg 5 63.83 93. 7(0 000) 8.6(0.000) —1.62(— 199, — 1.25) 0.000
> 1000 mg 5 832 .9(0.081) 8.15(0.000) —0.83(—1.03, — 0.63)
Duration <12 week 5 1217 7.1(0.016) 7.38(0.000) —0.8(— 1.02,—0.59) 0.001
> 12 week 5 62.87 93. 6(0 000) 9.11(0.000) —143(=1.74,—1.12)
Age <528 4 59.7 95(0.000) 9.26(0.000) — 147(—1.78,— 1.16)
>528 6 13.65 63.4(0.018) 7.31(0.000) —0.79(— 1.0, — 0.58)

BMI: body mass index, FBS: fasting blood sugar, HDL: high density lipoprotein, HJA1C: hemoglobin A1C, LDL: low density lipoprotein, TC: total cholesterol, TG: total

triglycerides

control groups converted into means and standard devia-
tion according to Wan et al. [24]. For studies which have

To identify possible covariates, meta-regression analy-
sis was performed for each primary and secondary out-

more than one experimental arms, the sample size of the
control group is adjusted by dividing the control group
sample by the number of experimental arms.

come of the study. Possible covariates were baseline
measurements (Tc, TG, HDL, LDL, FBS, HgA1C, body
mass index (BMI)), dose, duration and age. For detection



Tareke and Hadgu Diabetol Metab Syndr (2021) 13:24

Table 3 Meta-regression analysis result of outcomes
among baseline factors, and patients and treatment

characteristics

Covariate  Coefficient (B) 95%Cl P-value
TC Age 263 0.22,5.04 0.036
Dose 0.01 —0.01,0.04 0.223
Duration — 142 —248,—0.36 0014
FBS 0.80 —0.77,2.39 0.268
TC — 042 —098,0.14 0.126
TG —0.11 —0.73,0.50 0.675
LDL —0.15 — 085,054 0.629
HDL 0.05 — 155,167 0.938
HgA1C — 14.96 — 38.56,8.63 0177
BMI 6.92 1.02,12.82 0.028
TG Age 422 —3.17,11.62 0.224
Dose —0.01 —0.11,0.08 0.772
Duration —2.10 —5.20,1.00 0.158
FBS —1.00 —12.72,10.72 0.841
TC 0.14 —1.77,2.06 0.871
TG 0.05 — 167,178 0.946
LDL 048 — 1.84,2.80 0.647
HDL 3.36 0.09,6.63 0.045
HgA1C 3.72 — 73.66,81.12 0912
BMI 18.35 6.82,29.88 0.007
LDL Age 2.85 0.29,4.82 0.031
Dose 0.02 0.00, 0.05 0.039
Duration —1.16 —217,—0.16 0.027
FBS 112 —0.38,2.64 0.122
TC — 053 —1.13,0.05 0.071
1G —0.17 —0.84,049 0.570
LDL — 031 —1.06,043 0.366
HDL —0.10 — 184,163 0.893
HgA1C —20.77 —4132,—-022 0.048
BMI 488 —245,12.21 0.159
HDL Age —1.03 —1.63,—042 0.004
Dose — 0.004 —0.01,0.004 0.257
Duration 0.59 0.29,0.89 0.001
FBS — 025 —0.78,0.26 0.281
TC 0.15 —0.005,0.31 0.057
TG — 0.007 —0.22,0.20 0.937
LDL 0.05 —0.16,0.27 0.566
HDL —0.01 —0.56,0.54 0.954
HgA1C 5.70 —1.77,13.17 0114
BMI — 227 —4.61,0.06 0.055
FBS Age 217 047,387 0.018
Dose 0.002 —0.02,0.02 0.848
Duration — 097 —1.73,—0.21 0.018
FBS 0.31 —1.77,241 0.729
TC —0.20 — 074,033 0416
TG 0.10 — 046,067 0.686
LDL 0.03 —0.62,0.69 0916
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Table 3 (continued)
Covariate  Coefficient () 95%Cl P-value
HDL 0.92 — 048,234 0.173
HgA1C —9.04 —30.38,12.29 0.349
BMI 6.29 1.23,1261 0.024
HgA1C Age 0.10 0.01,0.19 0.032
Dose — 0.0001 — 0.001, 0.001 0.964
Duration —0.05 —0.08, — 0.02 0.003
FBS 0.13 0.005, 0.262 0.044
TC —0.01 —0.04,0.01 0328
LDL — 0.002 — 0.04,0.04 0.879
HDL 0.017 — 0.05,0.09 0617
HgA1C —0.38 — 148,071 0438
BMI 0.27 0.00,0.54 0.049

BMI body mass index, Cl confidence interval, FBS fasting blood sugar, HDL high
density lipoprotein, HgA1C hemoglobin A1C, LDL low density lipoprotein, TC
total cholesterol, TG total triglycerides. The covariates are baseline factors

of robustness of the results sensitivity analysis was con-
ducted by sequential elimination of each study from the
pool. The sensitivity analysis was conducted for each
primary and secondary outcome. Potential publication
bias was assessed by visual inspection of funnel plot, and
considering the number of studies for each outcome we
claimed egger’s regression test for bias detection. All sta-
tistical analysis was performed using STATA software
Version 16. (Statacorp, Texas, USA) with p-value P <0.05
indicating a statistically significant difference of two-
sided test.

Results

Search result

A total of 1968 articles were retrieved after searching the
four databases [PubMed (562), Google Scholar (1190),
Cochrane Library (71), and ScienceDirect (145)]. Three
hundred ninety-two duplicates were removed, after
screening title and abstract another 1533 articles were
excluded. Forty-three articles were selected for full text
screening. With various exclusions, finally 11 articles
selected for this meta-analysis. Exclusions were wrong
control group; no control group (2 studies), non-diabetic
control (1), healthy control (1). Supplementation given in
combination with; vitamin E (5), zinc (1), gemfibrozil (1),
green tea and pomegranate extract (1). Others were cross
over trials (6), fail to report outcome (6), animal study (1),
conducted on other patients [hypertension (1), metabolic
syndrome (1)], incomplete articles; abstract (1), reported
only median and IQR (1), no standard deviation (1), and
review (2). The summary of selection process is given in
Fig. 1.
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Fig. 3 Meta-regression analysis of the effect of vitamin C supplementation on serum cholesterol of type 2 diabetic patients; the influence of
covariates patients mean age, duration of supplementation and baseline BMI. As indicated, WMD increases with increment in age, BMI and
decrement in duration. The higher reduction was observed in younger type 2 DM patients (3 =2.63, Cl 0.22-5.04, p-value = 0.036), longer duration
of treatment (3=-1.42, Cl — 2.48, — 0.36, p-value=0.014), and lower BMI (3=6.92, Cl 1.02-12.82, p-value =0.028)

Characteristics of included studies

Eleven studies [25-35], conducted between 2003 and
2020 included a total of 606 T2DM patients and their
mean age of participants in the studies ranged 37.8—
60 years. The dose of vitamin C supplementation ranged
200 mg/day to 2000 mg/day. The minimum duration of
supplementation was 4 weeks and the maximum were
52 weeks. All 11 studies reported TC, LDL, HDL and
FBS, and 10 studies reported TG and HgA1C. Character-
istics of included studies summarized in Table 1.

Meta-analysis

Vitamin Cand TC

Supplementation of vitamin C fail to decrease serum
TC, WMD=-4.36 mg/dl (95% CI —10.24, 1.52)
p-value=0.146 with moderate heterogeneity, I*=71.5%
(Fig. 2). Subgroup analysis indicated vitamin C

supplementation may have beneficial effect in younger
T2DM patients WMD = —11.54 (95% CI —21.32, —1.75)
p-value=0.021 (Table 2). In longer treatment periods
(>12 weeks), vitamin C significantly decreased serum
TC WMD=-14.41 mg/dl (95% CI —22.65, —5.97)
p-value=0.001. Furthermore, meta-regression analysis
showed mean of age, duration of treatment and baseline
BMI have influence of WMD. Whereas, baseline FBS,
TC, TG, LDL, HDL and HgA1C had no influence on
mean difference of TC (Table 3). Vitamin C supplemen-
tation have greater benefit on younger patients (p =2.63,
CI 0.22-5.04, p-value=0.036), longer duration of treat-
ment (P=-—142, CI —2.48, —0.36, p-value=0.014),
and lower BMI (p=6.92, CI 1.02-12.82, p-value =0.028)
(Fig. 3). Sensitivity analysis depicted omitting one study,
gives a significant WMD=-9.06 (95% CI —15.32,
—2.79) (Additional file 1: Fig. S1 and Table S1).
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Triglycerides
Study %
ID ES (95% Cl) Weight
Gilliani et al. (2017) —_—— E -73.53 (-111.51,-35.55) 7.55
ElAletal. (2018) — -38.96 (-65.42,-12.50)  15.55
Rafighi et al. (2011) —-0-%—— -28.14 (-69.81, 13.53) 6.27
Hemed et al. (2016) —_———— -26.26 (-71.79, 19.27) 525
Sanguanwong et al. (2016) —== -18.63 (-44.29, 7.03) 16.54
Bhatt et al. (2013) —— -10.90 (-33.00, 11.20)  22.29
Tousoulis et al. (2007) : > 5.61(-81.30, 92.52) 1.44
Evans et al. (2003) —— 8.85 (-15.70, 33.40) 18.07
Mahmoudabadi et al. (2011) —:h—ﬁ— 24.10 (-39.00, 87.20) 2:13
Ragheb et al. (2020) ' ——— 157.33(107.05, 207.61) 4.31
Overall (I-squared = 85.7%, p = 0.000) @ A1.15(-2158,-071)  100.00
T : T
208 o 208

Fig. 4 The effect of vitamin C supplementation of serum triglycerides among type 2 diabetic patients. There was a significant reduction in
triglyceride level due to vitamin C. With significant heterogeneity, the weighted mean difference was -11.15 mg/dl Cl — 21.58, — 0.71 and

p-value=0.036
TG vs BMI Triglycerides vs baseline HDL

3 o 3

84 =3

31 2

e N

@
71 Q 3
8. 8
o 2% 28 30 3 34 " 20 30 40 50 60
BMI HDLM

Fig. 5 Covariate affecting WMD of triglycerides; baseline BMI and baseline HDL level. HDL (3= 3.36 Cl 0.09, 6.63: p-value =0.045) and BMI (3 =18.35
(1 6.83,29.88 p-value =0.007). the reduction was pronounced in lower baseline HDL and BMI
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LDL
Study %
ID ES (95% CI) Weight
Gilliani et al. (2017) —_—— E -42.25(-59.32, -24.98) 6.69
Hemed et al. (2016) - E -37.85(-64.73,-10.97) 273
Bhatt et al. (2013) —_—— : -19.00 (-33.96, -4.04) 8.81
Rafighi et al. (2011) —_—— E -16.17 (-28.62,-3.72) 12.73
Evans et al. (2003) —*1-%— -3.87 (-17.82,10.12) 10.11
ElAl etal. (2018) — 0.15 (-12.44, 12.74) 12.44
Sanguanwong et al. (2016) —I+— 0.73 (-11.05, 12.51) 14.22
Ghaffari et al. (2015) & 3.70 (-25.60, 33.00)  2.30
Mahmoudabadi et al. (2011) E -+ 11.00 (-16.64, 38.64) 258
Ragheb et al. (2020) : g 12.09 (-31.76,55.94)  1.03
Tousoulis et al. (2007) I — 38.29 (29.64, 46.94) 26.36
Overall (I-squared = 91.6%, p = 0.000) <<E> 273(1.72,717) 100.00
oz . o
Fig. 6 Forest plot showing the effect of vitamin C supplementation on serum LDL among diabetic patients. There was no significant change in
serum LDL, there was also significant heterogeneity

Vitamin Cand TG

Vitamin C supplementation to T2DM patients sig-
nificantly reduce serum TG with notable heterogene-
ity, WMD =—11.15 mg/dl (95% CI —21.58, —0.71)
p-value=0.036 and 1*=85.7 (Fig. 4). Subgroup analy-
sis also pointed out that the reduction was higher
with longer duration, higher daily dose and younger
patients. Duration>12 weeks WMD=-30.19 mg/
dl (CI —44.02, —16.36), p-value=0.000, vita-
min C daily dose>1000 mg WMD=-15.55 mg/
dl (CI —29.38, —1.71) p-value=0.028, and mean
age <52.8 WMD = —39.66 mg/dl (CI —58.38, —20.95)
p-value=0.000 (Table 2). Meta-regression analysis
(Table 3) showed baseline FBS, TC, TG, LDL, HgA1C,
age, dose and duration of supplementation were not
affecting TG. Whereas, HDL (=3.36 CI 0.09, 6.63:
p-value=0.045) and BMI (p=18.35 CI 6.83, 29.88
p-value =0.007) were covariates affecting the effect size
(Fig. 5). Sensitivity analysis for TG indicated no single
study had significant influence on the outcome (Addi-
tional file 1: Fig. S2 and Table S2).

Vitamin C and LDL

Generally, vitamin C supplementation to diabetic
patients didn’t reduce LDL level (Fig. 6). But, findings
from subgroup analysis showed opposite effects; the
lower the dose of vitamin C, the longer the duration of
supplementation, or the younger the patients there were
a significant reduction in LDL level. Higher dose, shorter
duration and older age vitamin C supplementation sig-
nificantly increased LDL level (Table 2). Meta-regression
analysis of LDL and covariates (Table 3), showed mean
age, dose of vitamin C, duration of supplementation and
HgA1C were significant covariates. Vitamin C supple-
mentation better works for younger patients, with smaller
dose, longer period of treatment and higher HgA1C level
(Fig. 7). In sensitivity analysis dropping a single study
can change the effect size of the study, WMD = —10.00
CI —15.18, —4.83 and there was a significant reduction
of LDL level due to supplementation of vitamin C (Addi-
tional file 1: Fig. S3 and Table S3).
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Fig. 7 The association between LDL concentration measured as weighted mean difference and various factors. Younger age (3=2.85 C1 0.29,
4.82: p-value =0.031), lower dose (3 =0.02 CI: 0.00, 0.05: p-value =0.039), longer duration (3=— 1.16 Cl — 2.17,-0.16: p-value =0.027) and higher
baseline HgA1C (3= — 20.77 Cl — 41.32, — 0.22: p-value = 0.048) were advantageous circumstances for vitamin C effect

Vitamin C and HDL

Generally, vitamin C failed to increase serum HDL level
WMD =0.91 mg/dl (CI —0.45, 2.27) p-value=0.191 and
12=71.5% [forest plot given in Fig. 8]. Further subgroup
analysis indicated longer duration of supplementation
(WMD =2.06 mg/dl, CI 0.45, 3.67 and p-value=0.012)
and younger patients (WMD =3.53 mg/dl, CI 1.18, 5.88
and p-value=0.003) may get beneficial effect from this
vitamin (shown in Table 2). Moreover meta-regression
analysis results showed baseline variables and dose
have no influence on the response of patients regard-
ing HDL. Younger age and longer duration of supple-
mentation had better responses; (f=—1.03, CI —1.63,
—0.42 p-value=0.004) and (=0.59 CI 0.29, 0.89
p-value=0.001) respectively (Fig. 9). Sensitivity analy-
sis detected one study which have much influence and

elimination of this study showed the beneficial effect
of vitamin C to boost HDL level [WMD =1.63 CI 0.21,
3.05] as shown in Additional file 1: Fig. S4 and Table S4.

Secondary outcomes

There were a significant reduction in FBS (Fig. 10)
and HgA1C level (Fig. 11), (WMD = —16.94 mg/dl CI
—21.84, —12.04, p-value=0.000 and I*>=80.3%), and
(WMD=-1.01% CI —1.18, —0.83, p-value=0.001
and I1°=89.5%) respectively. Subgroup analysis for
secondary outcomes revealed both FBS and HgA1C
decreased significantly in both lower and higher doses.
While we observe a significant reduction in HgA1C
regardless of age and duration categorization, the FBS
reduction was seen in longer duration of supplementa-
tion and younger patients (Table 2). In meta-regression
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treatment

Fig. 9 Meta-regression analysis showing the association of HDL concentration (WMD), and mean age and supplementation duration. Increment
in HDL was associated with younger (3= — 1.03 Cl — 1.63, — 0.42: p-value =0.004) and longer duration (3=0.59 Cl 0.29, 0.89: p-value =0.001) of

HDL
Study %
D ES (95% CI) Weight
I
Tousoulis et al. (2007) —_— | -1.74(-1262,-286) 7.77
Ragheb et al. (2020) -+ : -7.32(-28.03,13.39) 043
Mahmoudabadi et al. (2011) = -3.73 (-15.24,7.78) 1.40
Rafighi et al. {2011) — -0.07 (-2.44, 2.30) 3292
Ghaffari et al. (2015) _T_ 0.30 (-7.89, 8.49) 276
Sanguanwong et al. (2016) —_—— 0.44 (-5.47, 6.62) 5.06
||
Evans et al. (2003) —— 0.77 (-3.35, 4.89) 10.89
ElAl et al. (2018) —— 2.01(-1.05,5.07) 19.75
Bhatt et al. (2013) = 290 (-1.52,7.32) 9.47
Hemed et al. (2016) E—-‘-— 6.01(1.24,10.79) 8.1
Gilliani et al. (2017) | —— 2355(12.28,3490) 145
Overall (l-squared =71.5%, p=0.000) 1$ 0.91(-0.45, 2.27) 100.00
|
T . T
349 0 249
Fig. 8 Forest plot showing no significant change in serum HDL in diabetic patients by vitamin C supplementation
HDL vs age HDL vs duration
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FBS
Study %
ID ES (95% CI) Weight
I
1
Gilliani et al. (2017) —_— ! -49.68 (-67.57,-31.79) 7.51
ElAl et al. (2018) —— . -37.90 (-47.63,-28.17) 25.39
1
Sanguanwong et al. (2016) —_—— -19.00 (-38.86, 0.86) 6.09
I
Ghaffari et al. (2015) E¢ -13.04 (-55.10,29.02) 1.36
]
Hemed et al. (2016) —_——— -11.25 (-27.56, 4.90) 913
|
Rafighi et al. (2011) _— -8.10 (-28.83, 12.63) 559
1
Bhatt et al. (2013) : -+ -5.20 (-36.25, 25.85) 249
|
Evans et al. (2003) e -3.60 (-17.89, 10.69) 1.77
]
|
Mahmoudabadi et al. (2011) —_— -2.57 (-21.83, 16.69) 6.48
| I
Tousoulis et al. (2007) E ———— -1.80 (-12.34, 8.07) 23.08
1
Ragheb et al. (2020) ! + 33.43(-13.37,80.23) 1.10
Overall (I-squared = 80.3%, p=0.000) ® -16.94 (-21.84,-12.04) 100.00
!
T : T
80.2 a 802
Fig. 10 Forest plot of WMD of FBS, indicating significant reduction by vitamin C supplementation in type 2 DM

analysis, age, duration and BMI was significant covari-
ates for FBS (Fig. 12). Again, age, duration, baseline
EBS and BMI were factors influencing HgA1C (Fig. 13).
Diabetic patients having lower baseline FBS responds
well for vitamin C supplementation. Reduction in
FBS was associated with younger (p=2.17 CI 047,
3.87: p-value=0.018) and longer duration (p=—0.97
CI —1.73, —0.21: p-value=0.018) of treatment and
lower BMI (B=6.29 CI 1.23, 12.61: p-value=0.024).
Decrement in HgA1C was associated with younger
(=0.10 CI 0.01, 0.19: p-value=0.032) and longer
duration (p=—0.05 CI —0.08, —0.02: p-value =0.003)
of treatment, lower BMI ($=0.27 CI 0.00, 0.54:
p-value=0.049) and lower baseline FBS ($=0.13 CI
0.005, 0.262: p-value=0.044). Sensitivity analysis for
detection of robustness was conducted for both sec-
ondary outcomes, given in Additional file 1: Figs. S5 &
S6 and Tables S5 & S6.

Publication bias

Visual inspection of funnel plot for all outcomes
showed no asymmetry, given in (Additional file 1: Figs.
S§7-S12). Egger’s regression test also indicated no sig-
nificant publication bias for all outcomes (Additional
file 1: Table S7).

Discussion

Vitamin C supplementation had no significant effect on
TC, LDL and HDL. However, it reduced TG and second-
ary outcomes (FBS and HgA1C). Subgroup analysis also
depicted younger patients, longer duration of treatment
and higher dose were important factors in response of
vitamin C supplementation. Despite insufficient evidence
for lipid lowering capacity of vitamin C supplementation
in T2DM patients, this meta-analysis gave a clue about
specific group of population that might be benefited from
this vitamin. Specifically, younger diabetic patients were
responsive for the supplementation and likely to be ben-
efited. In addition, meta-regression analysis indicated the
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HgA1C
Study %
ID ES (95% ClI) Weight
Gilliani et al. (2017) — E -299(-3.49,-2.49) 1230
Sanguanwong et al. (2016) —— -1.10 (-1.42, -0.78) 30.04
Hemed et al. (2016) #l -1.05 (-3.07, 0.97) 0.75
Rafighi et al. (2011) ¢I -1.03 (-4.37, 2.31) 0.28
Tousoulis et al. (2007) —— -0.80 (-1.14,-0.46)  26.61
ElAl et al. (2018) 1|—0— -0.62 (-1.08,-0.16) 1454
Mahmoudabadi et al. (2011) E —_—— -0.02 (-0.88, 0.84) 416
Evans et al. (2003) : —-l-— 0.00 (-0.75, 0.75) 5.47
Ragheb et al. (2020) : |¢ 0.09 (-1.46, 1.64) 128
Bhatt et al. (2013) : —lo— 0.10 (-0.72, 0.92) 457
Overall (I-squared = 89.5%, p = 0.000) Q -1.01(-1.18,-0.83)  100.00
i
T ’ 1 |
437 0 437
Fig. 11 Forest plot of WMD of HgA1C (%), indicating significant reduction by vitamin C supplementation in type 2 DM

significant role of patient age, duration of treatment, sup-
plementation dose, BMI and other baseline variables.

A systematic review and meta-analysis previously
showed insignificant role of vitamin C on lipid profile
of patients including diabetic and healthy individu-
als generally [36]. With the same scenario, the former
study also demonstrated specific groups of population
benefited from vitamin C, especially lower baseline
vitamin C status and individuals with higher risk of car-
diovascular diseases. McRae in 2008 noted a significant
reduction in serum LDL and TG without statistically
significant increment in HDL [37]. Although, there are
differences in the study populations, there is no con-
crete previous evidence both to support or rule out the
role of vitamin C in management of lipid abnormalities.

In T2DM, exaggerated free radical activity and lipid
peroxidation have been demonstrated, such enhanced
oxidative stress was associated with poor glycemic
control and appearance other metabolic complications

including dyslipidemias. Vitamin C, a known anti-oxi-
dant agent, exert its protective effect by scavenging free
radicals [38, 39]. It also presents in lower plasma and
intracellular concentrations in diabetic patients than
healthy controls [40]. Previous researches indicated
daily vitamin C supplementation protects against oxi-
dative stress in diabetic patients, macro and microan-
giopathy, and improve metabolic control [41]. These
metabolic benefits could interfere with the lipid meta-
bolic pathway and could reduce diabetic associated
dyslipidemias.

In all four primary outcomes, the positive effects of
vitamin C supplementation was witnessed in younger
patients. Along with the age related pharmacokinetic
and pharmacodynamic changes of this water soluble
vitamin [42], one explanation could be age related dif-
ference in baseline vitamin C concentration. This meta-
analysis doesn’t measure the role of baseline vitamin C
concentration or plasma vitamin C concentration due to
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Fig. 12 The association between FBS and covariates; age, duration of treatment and BMI. Reduction in FBS was associated with younger (3=2.17
Cl10.47,3.87: p-value =0.018) and longer duration (3=— 0.97 Cl — 1.73, — 0.21: p-value =0.018) of treatment and lower BMI (3=6.29 Cl 1.23,12.61:

duration

insufficient data from original studies. Regarding entry
to trial vitamin C concentration, older individuals have
lower plasma vitamin C compared with younger patients
[43]. Also younger individuals may have ascorbic acid
recycling capacity to balance their redox system and to
respond to the supplementation [44]. The other possible
reason might be less efficient absorption in older indi-
viduals [45]. Contrary to the notion that lower baseline
vitamin C in older patients could contribute to the no
effect is the finding of A.W. Ashor et al. [36], indicated
individuals with lower baseline vitamin C responds well.
It should also be noted that the younger and older divi-
sion of the population in this study is arbitrary, merely
based on participants mean age. The duration of treat-
ment might provide a clue to reach optimum plasma con-
centration of vitamin C for physiologic effects.

The intestinal absorption of vitamin C is a saturable,
dose dependent mechanism mainly by sodium dependent

active transport systems [46]. It is also suggested that
higher dose of vitamin C is necessary to maintain nor-
mal plasma concentration of this substance in critically
ill individuals [47]. The response of diabetic patients to
higher dose of vitamin C seems to be associated with the
intestinal availability and the normal plasma concentra-
tion. Despite the deficiency of this meta-analysis in failing
to consider plasma concentration of vitamin C, previous
researches suggested the crucial impact of plasma vita-
min C concentration in its physiologic effect [48].

Although it is well established that vitamin C supple-
mentation reduces FBS and HgA1C, the reduction effect
on TG is not settled. In systematic review and meta-anal-
ysis [48], vitamin C had crucial role for glycemic control
especially in patients with diabetes.

Apart from quality (risk of bias given in the Additional
file 1) and limitations from the primary studies, this
meta-analysis had certain drawbacks. First, the baseline
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Fig. 13 Meta-regression analysis showing the association of HJA1C concentration (WMD), and mean age, supplementation duration, BMI
and baseline FBS. Decrement in HgA1C was associated with younger (3=0.10 Cl 0.01, 0.19: p-value =0.032) and longer duration (3 =— 0.05 Cl
— 0.08, — 0.02: p-value =0.003) of treatment, lower BMI (3 =0.27 CI 0.00, 0.54: p-value =0.049) and lower baseline FBS (3=0.13 C1 0.005, 0.262:
p-value =0.044)

plasma vitamin C or concentration vitamin C at the end and plasma insulin level. All these factors were not evalu-
was not evaluated. Reports indicated the influence of ated due inconsistent report or absence in the original
plasma concentration [besides the dose of supplementa-  studies.

tion] on physiologic effects, readers should bear in mind

that the reported results were not related with plasma  conclusion

concentration of vitamin C at baseline or final. While the
patients are diabetic, they are on different anti-diabetic
drugs. It is worth mentioning that different drugs may
have influence in vitamin C effects, this research didn't
consider specific diabetic drugs and the duration of treat-
ment of these drugs. Other conditions that might alter
the results of this research were the duration of diabetes

There is no sufficient evidence to support vitamin C sup-
plementation for dyslipidemias in T2DM patients. Spe-
cific group of patients might have benefited including
younger diabetic patients. Future researches should give
emphasis on the duration of treatment, the dose of vita-
min C and baseline values.
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Additional file 1. Table S1 Sensitivity analysis of the effect of vitamin
Con cholesterol in diabetic patients, indicates dropping Tousoulis et al.
[35] gives significant reduction in cholesterol level. Figure S1 Cholesterol.
Table S2 Sensitivity analysis for triglycerides. Figure S2 TG. Table S3
Sensitivity analysis for LDL, shows the effect of vitamin C in LDL reduction
by omitting Tousoulis et al. (2007). Figure S3 LDL. Table S4 Sensitivity of
analysis for HDL, no single study was influencing the outcome. Figure S4
HDL. Table S5 Sensitivity analysis for FBS for detection of robustness of
study. Figure S5 FBS. Table S6 Sensitivity of analysis for HJA1C, no single
study was influencing the outcome. Figure S7 Funnel plot for cholesterol,
showing no asymmetry. Figure S8 Funnel plot for triglycerides, showing
no asymmetry. Figure S9 Funnel plot for LDL, showing no asymmetry.
Figure $10 Funnel plot for HDL, showing no asymmetry. Figure S11
Funnel plot for FBS, showing no visual asymmetry. Figure S12 Funnel plot
for HJA1C, showing no asymmetry. Table S7 Publication bias, indicates
no significant publication bias for each outcome. Table S2 Risk of bias for
included studies.
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