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Abstract
Background There is controversial evidence for the beneficial effects of antioxidative vitamins (vits) on dyslipidemia. In 
this regard, we aimed to systematically review all meta-analyses of trials on this topic.
Methods We comprehensively searched PubMed, Web of Science, Scopus, and Cochrane Library databases until January 
2021 to explore the published English meta-analyses of trials conducted to assess the effects of single or combined vits 
C, D and E consumption on lipid profile. The meta-analyses of observational, in vivo/in vitro, or case-report studies were 
excluded. Search results were reported based on the Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) flowchart.
Results Overall, 25 meta-analyses including 32,177 individuals with different underlying disorders met our inclusion criteria. 
Numerous studies had assessed supplementation with Vit-D or its combination with other agents on lipid profile. Consump-
tion of 400 IU/day (d) to 50,000 IU/week (w) Vit-D for at least eight weeks improved the levels of total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG) in type 2 diabetes mellitus or polycystic ovary syndrome 
(PCOS) patients. This treatment reduced the levels of TC and TG in patients with chronic kidney disease. A significant 
increase in high-density lipoprotein cholesterol (HDL-C) levels was only observed in coronary artery disease patients. Sole 
intake of 500–2000 mg/d Vit-C for at least 3 weeks improved LDL-C and TG values in hypercholesterolemic patients. Nev-
ertheless, sole intake of Vit-E had controversial effects on lipid profile. The combination of 400–1800 IU/d omega-3 free 
fatty acid (FFA) and 400 IU/d Vit-E significantly reduced the levels of LDL-C and TG in overweight individuals, without 
any significant effect on other components. A significant improvement of TG values was observed after consumption of 
1000–2000 mg/d omega-3 FFA plus 400 IU/d Vit-E along with 50,000 IU/each 2w Vit-D for at least 6 weeks in diabetic 
patients.
Conclusion The beneficial effects of antioxidative vitamins (C, D, E) or their combination with other agents on lipid profile 
varied based on their dosage, intake duration, and the health status of the individuals.

Keywords Cardiovascular diseases · Dyslipidemia · Antioxidative vitamin · Systematic review

 * Ozra Tabatabaei-Malazy 
 tabatabaeiml@sina.tums.ac.ir

1 Endocrinology and Metabolism Research Center, 
Endocrinology and Metabolism Clinical Sciences Institute, 
Tehran University of Medical Sciences, Tehran, Iran

2 Non-Communicable Diseases Research Center, 
Endocrinology and Metabolism Population Sciences 
Institute, Tehran University of Medical Sciences, Tehran, 
Iran

3 Elderly Health Research Center, Endocrinology 
and Metabolism Population Sciences Institute, Tehran 
University of Medical Sciences, Tehran, Iran

4 Medical Doctor, Institute of Cardiovascular and Medical 
Sciences, University of Glasgow, Glasgow, UK

/ Published online: 21 October 2021

Journal of Diabetes & Metabolic Disorders (2021) 20:2037–2047

http://orcid.org/0000-0003-0188-9721
http://crossmark.crossref.org/dialog/?doi=10.1007/s40200-021-00919-8&domain=pdf


1 3

Background

The increasing prevalence of cardiovascular diseases 
(CVDs), as one of the most common non-communicable 
diseases (NCDs), is one of the main current health prob-
lems. Several modifiable metabolic risk factors are known 
for CVDs. One of these risk factors is dyslipidemia, which 
presents as high serum levels of total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), triglycerides 
(TG), and low serum levels of high-density lipoprotein 
cholesterol (HDL-C) [1]. Therefore, focusing on the reduc-
tion of the mentioned risk factor is the suggested way to 
prevent and control CVDs.

The initial event in atherosclerosis is the accumulation 
of the lipid cells in the arterial walls. Atherosclerosis stud-
ies have indicated that the development of the disease is 
linked with free radical reactions, producing lipid perox-
ides and other substances secondary to dietary lipids [2]. 
Furthermore, augmented intracellular production of reac-
tive oxygen species (ROS) plays a crucial role in chronic 
inflammatory reactions secondary to atherosclerosis [3].

ROS can also interact with biomolecules such as car-
bohydrates, proteins, and lipids; thus, it disrupts the nor-
mal function of the cells. Oxidative stress is an imbalance 
between antioxidants and ROS. It has been acknowledged 
as a part of the mechanisms inducing cellular and molecu-
lar tissue damage, happening in a wide range of diseases 
such as diabetes, CVDs, and other NCDs [4, 5]. Stud-
ies have reported that individuals suffering from hyper-
lipidemia have higher serum levels of certain oxygenated 
compounds like malondialdehyde (MDA); the consump-
tion of dietary supplementations with antioxidants, how-
ever, could reduce its serum values [6, 7].

Antioxidants protect cells against oxidant-related dam-
age, and are classified into enzymatic and non-enzymatic 
types [8]. Superoxide dismutase (SOD) and catalase 
(CAT) are enzymatic antioxidants; though, vitamins, min-
erals, and polyphenols count as non-enzymatic ones [9, 
10]. It is suggested that dietary antioxidants prevent dis-
eases caused by oxidative stress. Until now, several stud-
ies [11] have investigated the beneficial properties of sup-
plementary antioxidants including vitamins E, C, and D 
on lipid profile. Some have reported the beneficial effects 
of the antioxidants on lipid modulation [11, 12], while 
others have stated a weak or even no such effect [12]. 
Similarly, several systematic review/meta-analysis stud-
ies conducted on this topic, have reported controversial 
results. In a recent meta-analysis, Jin and his colleagues 
[13] compared the effects of vitamin D (Vit-D) supple-
mentation with placebo in female adults with polycystic 
ovary syndrome (PCOS). They stated the beneficial effects 
of Vit-D on TG, TC, and LDL-C levels, but not on HDL-C 

levels. Another meta-analysis of the clinical trials, on the 
other hand, revealed no significant changes in this regard 
when evaluating the effects of Vit-D plus calcium on lipid 
profile [14].

The current systematic review aimed to critically assess 
all the previous meta-analysis studies evaluating the effects 
of antioxidative vitamins on dyslipidemia, considering the 
discrepancies found in their results.

Methods

Search strategy

A comprehensive search of published English literature was 
conducted through Web of Science, PubMed, Scopus, and 
Cochrane Library Databases to find relevant studies pub-
lished before 1 January 2021. The search terms were “lipid", 
“cardiovascular”, and the name of each "antioxidative vita-
min", and their equivalents. The search strategy is presented 
as supplementary, Table S1. To report the search results, we 
used the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) flow diagram [15] (Sup-
plementary 1). All retrieved papers were imported into the 
Endnote library version X8. In case of not having access 
to the full texts, the corresponding authors were contacted 
through e-mail. All PRISMA steps as well as the reference 
list of the included papers were independently checked by 
two researchers. Any disagreements were discussed and 
resolved by consensus or consult with the expert.

Eligibility criteria

We included all meta-analyses of clinical trials that had 
assessed the effects of antioxidative vitamins (C, D, E) 
alone or in combination with the minerals or other agents 
on lipid profile of healthy or non-healthy individuals. The 
meta-analyses conducted on observational studies, in vivo/ 
in vitro studies, or case reports were excluded.

Study selection and data extraction

Following data were extracted into predefined forms: first 
author, year of publication, number of trials in each meta-
analysis, participants’ characteristics (sample size, age, sex), 
type of intervention and control groups, dosage, duration of 
the intervention, reported effective dosage, quality score, 
and main outcome.

Critical appraisal of included studies

The risk of bias was evaluated by using the Assessing the 
Methodological Quality of Systematic Reviews (AMSTAR) 
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tool for all included meta-analyses [16], Table S2. The 
AMSTAR checklist consisted of 11- validated questions. 
The articles were considered to be of “good quality” when 
scored 8–11; medium quality with a score of 4–7, and poor 
quality in case of scores below 3 [16].

The risk of bias assessment was also performed indepen-
dently by two researchers. 

Results

Overall, 2749 relevant publications were recognized through 
a comprehensive electronic search. After excluding dupli-
cated publications, 2050 articles were screened by title and 
abstract, among which 53 studies met the eligibility criteria 
and were considered for full-text assessment. Finally, 25 
meta-analyses were included [13, 14, 17–39]. The PRISMA 
flow diagram for the literature search is presented in Fig. 1.

According to the included meta-analysis studies, 32,177 
individuals participated from two weeks to five years in tri-
als assessing the effects of vitamins C, E, D with/without 
omega-3 free fatty acid (FFA), calcium, or magnesium on 
lipid profile. Most of the participants were adults (≥ 18 years 
old) of both genders, with health status varying from being 
healthy to suffering from disorders such as type 2 diabe-
tes mellitus (T2DM), obesity, hypertension, chronic kidney 
disease (CKD), polycystic ovary syndrome (PCOS), or non-
alcoholic fatty liver disease (NAFLD). The majority of the 
meta-analyses had good quality (AMSTAR score ≥ 8). The 
characteristics of the included meta-analyses are accessible 
in Table 1.

Effects of vitamin D on lipid profile

The effects of Vit-D were assessed in 16 meta-analyses [13, 
19, 20, 22–25, 27–30, 32, 34, 35, 37, 39], including healthy, 
obese individuals, or patients with T2DM, CKD, PCOS, or 
NAFLD. In 7 meta-analyses [13, 22, 25, 27, 28, 37, 39], 
the additional effects of Vit-D compared to placebo helped 
reduce LDL-C levels with a standardized mean difference 
(SMD) of -2.55 to -7.86 mg/dl in patients with different 
underlying disorders. The SMD of LDL-C varied from -2.55 
to -7.86 mg/dl in type 2 diabetics [22, 28] and from -4.54 
to -5.22 mg/dl in patients suffering from PCOS [13, 37]. 
Another two studies [20, 35], on the other hand, reported a 
significant increase in LDL-C levels (0.77 and 4.25 mg/dl) 
in overweight/obese individuals. Seven meta-analyses [13, 
22, 24, 27, 28, 30, 39] detected a significant reduction in 
serum TG levels following Vit-D consumption, compared 
with placebo (SMD -3.74, -38.09 mg/dl) in a heterogene-
ous population. The SMD of TG level ranged from -3.74 to 
-30.12 mg/dl in patients with diabetes type 2 [22, 28], from 
-11.88 to -38.09 mg/dl in PCOS patients [13, 24], but -32.52 
in CKD patients [30]. A significant increase in TG levels 
(SMD 30.67 and CI95%: 4.89, 56.45), though, was reported 
in a single meta-analysis containing metabolic syndrome 
(MetS) participants [32]. Six meta-analyses [13, 27, 28, 30, 
37, 39] revealed a statistically significant decrease in TC 
levels of the participants receiving Vit-D regardless of their 
health status (SMD: from -5.8 to -13.38 mg/dl). The SMD of 
TC ranged from -9.09 to -11.90 mg/dl in PCOS patients [13, 
37], -13.38 mg/dl in patients with diabetes type 2 [28], and.

-7.93 in those suffering from CKD [30]. In two meta-
analyses on participants with coronary artery disease [29] or 
other health statuses [39], a statistically significant increase 
in HDL-C levels was noted in the group receiving Vit-D 
(SMD from 3.08 to 3.48). In two other meta-analyses, no 
meaningful were found effects for Vit-D intake on lipid 
profile of NAFLD patients [23, 34]. The effective dose 
for improving lipid profile was reported to be ≤ 4000 IU/d 
for at least 12 weeks in T2DM patients, and ≤ 4000 IU/d 
or < 50,000 IU/once weekly for at least three weeks in PCOS 
individuals [13, 24, 39].

Effects of vitamin C on lipid profile

Two meta-analyses evaluated the effects of supplementa-
tion with Vit-C on lipid profile in hypercholesterolemic 
[18] or patients with various disorders [21]. One meta-
analysis reported data synthesis from 13 trials consisting 
of 549 hypercholesterolemic individuals aged between 
48–82 years. It was revealed that supplementation with 
at least 500 mg/d of Vit-C for 3–24 weeks can result in 
a significant reduction in serum levels of LDL–C and 
TG with SMD (-7.9), and (-20.1) mg/dl, respectively. 
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However, nonsignificant elevation was detected in HDL-C 
values [18]. Ashor et al. [21] pooled data from 40 trials 
conducted on 1981 individuals. The authors reported no 
significant effect for consuming from 2 to 240 weeks of 
Vit-C on the serum lipid profile. Nevertheless, in meta-
regression, a significant reduction in TC and TG levels 
was observed in hypercholesterolemic subjects with TC 
concentrations higher than 205 mg/dl at baseline; SMD 
(-11.6) and (-15.06) mg/dl, respectively. The effective dose 
was not stated in the included meta-analyses.

Effects of vitamin E on lipid profile

Two meta-analyses [17, 38] reported the pooled effects 
of Vit-E intake alone on lipid profile. Meta-analyses of 
15 trials including 931 individuals with varying health 
status by Zuo, et al. [38] demonstrated a significant change 
in HDL-C concentrations (5.65 mg/dl) after tocotrienol 
consumption. The authors detected a greater improvement 
in serum levels of HDL-C and TG following the intake 
of ≥ 200 mg/day of the Vit-E family. In another meta-anal-
ysis [17], no significant effect for Vit-E on lipid profile 
was reported in hemodialysis patients. The effective dose 
of Vit-E (≥ 200 mg/d for at least 4 weeks) was reported in 
a single meta-analysis conducted on healthy individuals 
as well as patients with hyperlipidemia, or diabetes [38].

Effects of combination of vitamins with other agents 
on lipid profile

Five meta-analyses [14, 26, 31, 33, 36] assessed the effects 
of supplementation with the combination of vitamins and 
other agents on individuals with different health statuses. 
Vit-D plus calcium did not result in any significant change 
in lipid profile of healthy individuals, overweight or dia-
betic patients [14]. The combination of omega-3 FFA 
and Vit-E compounds significantly reduced TG (-28.34), 
LDL-C (-8.07), and very-low-density lipoprotein choles-
terol (VLDL-C) (-2.96) mg/dl [26, 31] levels, without 
any significant effect on other components of lipid profile 
regardless of underlying health status. The combination of 
1,000–2,000 mg/d omega-3 FFA and 400 IU/d Vit-E com-
pounds plus 50,000 IU Vit-D for every two weeks signifi-
cantly reduced TG levels (-28.29) mg/dl [36], without any 
considerable effect on other components of lipid profile in 
pre-/gestational diabetic patients. A significant improve-
ment in TC, LDL-C, and TG values was observed after the 
consumption of the combination of 250 mg/d magnesium 
(Mg) and 400 IU/d Vit-E for at least 1.5 months in a single 
meta-analysis [33] on patients with PCOS or gestational 
diabetes. 

Discussion

The current systematic review summarized the evidence 
of meta-analyses assessing the effects of antioxidative 
vitamins C, D, and E supplementations on lipid profile. 
Our findings, on one side, illustrated the significant ben-
eficial effects of Vit-D alone or in combination with Vit-
E, omega-3 FFA, or Mg on lipid profile and, on the other 
hand, the controversial effects of sole intake of Vit-E.

Overall, 10 out of 17 meta-analyses supported the benefi-
cial effects of Vit-D supplementation on lipid profile. Con-
versely, seven studies reported a significant increase in the 
values of TC, LDL-C, TG, without any significant changes 
in other lipid components. It should also be mentioned that 
baseline serum levels of Vit-D might have affected the con-
clusion. Moreover, the demonstration of beneficial effects of 
such supplementations in populations with sufficient Vit-D 
levels is difficult. Several additional reasons for such differ-
ent observations could be the variations noted in the length 
of intervention, dosage, participants’ characteristics, and 
even geographical latitudes of the study sites [40]. In Man-
ousopoulou et al. study [20], the cardioprotective effects of 
Vit-D was observed at doses of 1,000 IU/day to 120,000 IU 
biweekly after eight weeks up to one year of consumption. 
This is while several studies have failed to report any effect 
for approximately similar dose, frequency (1100 IU / day 
to 50 000 IU /week) and duration (8 weeks to 4 years) of 
Vit-D consumption [20]. Four meta-analyses calculated the 
effective dosage of Vit-D, suggesting the beneficial effects 
only with low doses [13, 22, 24, 39]. Moreover, the impact 
of Vit-D on the transcriptional activity of insulin-induced 
gene-2 (Insig-2) and Vit-D receptors is supposed to be the 
mechanism behind this vitamin’s effect on the circulating 
cholesterol levels. Insig-2 reduces the sterol regulatory ele-
ment activation of protein 2 binding (SREBP-2) and inhibits 
the expression of 3-hydroxy-3-methylglutaryl coenzyme A 
reductase (HMGR). This results in reduced cholesterol syn-
thesis by affecting HMGR, a vital enzyme for this process 
[41]. Moreover, several genetic variations including DHCR7 
and CYP2R1 have an essential effect on the response to the 
Vit-D treatment among individuals with various health stat-
ues [42, 43]. However, none of the included meta-analysis 
studies had assessed the influence of the genetic variants on 
the responses to vitamins supplementations.

The additional effects of Vit-D compared to placebo or 
its active control on reducing LDL-C were reported in 7 
meta-analyses. Two meta-analyses showed no statistically 
significant increase in HDL-C levels in the group receiving 
Vit-D [13, 22, 25, 27–29, 37, 39].

The evidence of the influence of Vit-C supplementation 
on improving lipid profile is limited. As a water-soluble 
antioxidant, ascorbic acid’s (Vit-C) pro- or antioxidative 
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effects could vary based on the dosage [44]. The highest 
reduction in the TC, LDL-C, and TG levels was found 
following the consumption of a maximum dose of Vit-C; 
2000 mg/d for six months, according to two meta-analyses 
[18, 21]. In sub-group analyses, in conditions such as low 
concentrations of Vit-C or high serum levels of TC/ TG 
at baseline and subjects suffering from T2DM, the benefi-
cial effects of Vit-C supplementation on lipid profile were 
noted [18, 21]. According to Ashor et al. [21], participants 
older than 52 years old were less likely to benefit from 
Vit-C supplementations due to the lower absorption rate of 
Vit-C in older individuals [45]. Hence, more Vit-C intake 
is required to counteract the higher oxidative stress due to 
the age-related mitochondrial dysfunction [46]. Neverthe-
less, there is only weak evidence regarding the impact of 
Vit-C supplementation on risk factors of cardiovascular 
disease such as dyslipidemia. These results highlighted the 
potential importance of a personalized approach to Vit-C 
in the management of dyslipidemia. A mendelian rand-
omization study was conducted on 97,203 white individu-
als. It was observed that higher consumption of vegetables 
and fruits is associated with a lower risk of cardiovascular 
diseases, despite the same effect size for genetically high 
content of Vit-C in serum [47].

Huang et al. [17] did not observe any significant improve-
ment in lipid profile of hemodialysis patients, although sev-
eral meta-analyses had supported the beneficial effects of 
Vit-E on certain lipid components. Vit-E is known as the 
strongest antioxidant in reducing atherosclerotic lesions. It 
stimulates the peroxisome proliferator-activated receptor-
gamma signaling pathway, suppressing oxidized LDL-C 
production, 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase, and cholesterol synthesis as well 
as its absorption in the intestines [48, 49]. Similar to Vit-C, 
the effects of Vit-E on lipid components are dose-depend-
ent. One meta-analysis indicated that supplementation with 
400 IU/day of Vit-E for 6–12 weeks improved TC, LDL-
C, and TG serum levels without any beneficial effects on 
HDL-C levels [33]. Conversely, Zou et al. [38] observed that 
consumption of more than 300 IU/day Vit-E for less than 
eight weeks can significantly increase HDL-C levels while 
reducing TG serum levels.

Vitamin co-supplementation has shown positive effects 
on certain disorders; for instance, the combination of vita-
min C and E is accompanied by an increase in the glycemic 
status of T2DM patients [10]. In the current systematic 
review, the beneficial effects of several co-supplementa-
tions on several lipid parameters were established. Addi-
tionally, the cardioprotective effects of omega-3 free fatty 
acids (FFA) and Vit-E co-supplementation were noted in 
several meta-analyses [26, 31, 36]. Such outcome may be 
related to the synergistic protective effects of these com-
pounds against CVDs. In other words, the cardioprotective 

effects of Vit-E consist of its anti-hypertensive and anti-
inflammatory properties along with improved endothelial 
function by inhibiting the oxidation of omega-3 FFA [26]. 
However, due to inadequate evidence, such interpretations 
should be made with caution.

Our systematic review had several limitations. The main 
limitation was the heterogeneity of the meta-analyses in 
terms of studied populations along with the prescribed dos-
ages and intervention durations. The absence of the effective 
dosage of antioxidants data on lipid profile in most of the 
included meta-analyses was another limitation. Our study 
does not have a PROSPERO registration code since it is an 
overview of the published meta-analyses without re-calcu-
lating the data. This is while nearly all the included meta-
analyses had a high quality and provided reliable results.

Conclusions

In conclusion, this systematic review highlights that the 
consumption of antioxidative Vit-D alone or in combina-
tion with other agents might improve lipid profile. How-
ever, it should be borne in mind that the beneficial effects 
of antioxidative vitamins can vary based on their dosage, 
intake duration, and even the health status of the studied 
individuals. The effective dose for improving lipid profile 
was reported to be ≤ 4,000 IU/d for at least 12 weeks in 
T2DM patients, and ≤ 4000 IU/d or < 50,000 IU/weekly 
for at least three weeks in PCOS individuals.

As for Vit-C, it was revealed that 3–24 weeks supple-
mentation with at least 500 mg/d of Vit-C can result in a 
significant reduction in serum levels of LDL– C and TG, 
respectively. The effective dose of Vit-E (≥ 200 mg/d for 
at least four weeks) was reported in a single meta-analysis 
conducted on individuals with various health conditions 
[38]. Significant improvements in TC, LDL-C, and TG 
values were observed after the usage of the combination 
of 250 mg/d Mg and 400 IU/d Vit-E for at least 1.5 months 
[33] in patients with PCOS or gestational diabetes.

Abbreviations CVDs: Cardiovascular diseases; ROS: Reactive oxygen 
species; Vits: Vitamins; CTs: Clinical trials; CKD: Chronic kidney 
diseases; NCDs: Non-communicable diseases; TC: Total cholesterol; 
LDL-C: Low-density lipoprotein cholesterol; TG: Triglycerides; HDL-
C: Low serum levels of high-density lipoprotein cholesterol; VLDL-
C: Very-low-density lipoprotein cholesterol; MDA: Malondialdehyde; 
SOD: Superoxide dismutase; CAT : Catalase; MeSH: Medical Subject 
Headings; T2DM: Type 2 diabetes mellitus; PCOS: Polycystic ovary 
syndrome; NAFLD: Non-alcoholic fatty liver disease; AMSTAR 
: Assessing the Methodological Quality of Systematic Reviews; HMG-
CoA: Hydroxy-3-methylglutaryl coenzyme A; Insig-2: Insulin induced 
gene-2; SREBP-2: Sterol regulatory element activation protein 2 bind-
ing; HMGR: 3-Hydroxy-3-methylglutaryl coenzyme A reductase; 
FFA: Free Fatty Acid
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