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Effect of Vitamins C and E Co-Supplementation on Serum
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of Randomized Controlled Trials
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ABSTRACT: Studies assessing the effect of vitamin C and E co-supplementation on levels of circulating C-reactive protein
(CRP) show contradictory results. We carried out a systematic review and meta-analysis of randomized controlled trials
(RCTs) to assess the effect of vitamin C and E co-supplementation on CRP. A systematic search was carried out using
PubMed, Scopus, Ovid, Cochrane, Embase, and the Web of Science without any language or time restriction (until 31
March 2019) to retrieve RCTs that examined the effect of vitamin C and E co-supplementation on CRP. A meta-analysis
was carried out using a random effects model, and I* indexes were used to evaluate the heterogeneity. The search yielded
5,134 publications, including 8 eligible RCTs. The results indicate that vitamin C and E co-supplementation does not sig-
nificantly impact levels of serum CRP [weighted mean difference and 95% confidence interval with random effects model
analysis: —0.22 mg/L (—0.85, 0.41), P=0.5]. Subgroup analysis demonstrated that vitamin C and E co-supplementation
significantly reduced serum CRP in participants =30 years of age, but significantly increased serum CRP in participants
<30 years of age. The results of this meta-analysis indicate beneficial effects of vitamins C and E co-supplementation on
CRP in participants =30 years of age, and not in younger participants. To confirm these results, further well-designed

RCTs are needed.
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INTRODUCTION

C-reactive protein (CRP) is a member of the pentraxin
family of proteins and a common acute-phase reactant
(Mantovani et al., 2008). Serum CRP rise in response to
pro-inflammatory biomarkers such as tumor necrosis fac-
tor (TNF)-a, interleukin (IL)-6, and IL-1B (Du Clos and
Mold, 2004; Asbaghi et al., 2019; Amani et al., 2018).
Levels of serum CRP rise and fall more rapidly than other
inflammatory markers, allowing CRP to be a useful mark-
er for following the clinical status of a disease and treat-
ment response (Du Clos and Mold, 2004). Multiple pro-
spective epidemiological studies have reported that CRP
is an important biomarker for predicting the incident of
stroke, myocardial infarction, peripheral arterial disease,
and sudden cardiac death (Ridker, 2003; Choghakhori et
al., 2017). These clinical data combined with experimen-
tal and laboratory evidence suggest that atherothrombo-
sis in addition to being a lipid accumulation disorder, is
associated with chronic inflammation (Ridker, 2003;

Malavazos et al., 2007), and that CRP as an inflammatory
marker is a stronger biomarker for predicting cardiovas-
cular disorders than low-density lipoprotein cholesterol
(Ridker, 2003; Alipour et al., 2018). The evidence sug-
gests that assessing CRP in addition to evaluating cholest-
erol might be an inexpensive and useful method to im-
prove prediction of cardiovascular disease risk.

Multiple studies have shown vitamin E and vitamin C
both possess antioxidant properties (Thosar et al., 2015;
Karademirci et al., 2018). In addition, data suggest these
vitamins both have immunomodulatory roles, acting
through altering redox-sensitive transcription factors
such as peroxisome proliferator-activated receptors and
nuclear factor-kB (NF-xB) (Reiter et al., 2007; Carr and
Maggini, 2017). Several studies have demonstrated anti-
inflammatory effects of vitamin E supplementation alone
and in combination with vitamin C (Rizzo et al., 2008).
However, results of studies that assessed the effect of vi-
tamin C and E co-supplementation on circulating levels of
CRP are contradictory. A study by Ullegaddi et al. (2005)
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indicated that co-supplementation reduced serum con-
centrations of CRP within 90 days. However, a study by
Arruda et al. (2013) indicated that 1,400 mg vitamin C
plus 800 mg vitamin E increased levels of serum CRP in
patients with sickle cell anemia. In response to the incon-
sistent results reported in the literature, we carried out a
systematic review and meta-analysis of randomized clin-
ical trials (RCTSs) to assess the effect of vitamin C and E
co-supplementation on CRP.

MATERIALS AND METHODS

A systematic review and meta-analysis was carried out ac-
cording to the guidelines of the 2009 preferred reporting
items for systematic reviews and meta-analysis (PRISMA)
statement (Moher et al., 2009).

Search strategy

In order to find articles related to the effect of vitamin C
and E co-supplementation on CRP, online databases, in-
cluding PubMed, Scopus, Ovid, Cochrane, Embase, and
the Web of Science, were systematically searched without
any language and time restriction until 31 March 2019,
with the following search terms in titles, abstracts, and
keywords [ (vitamin C, vit C, ascorbic acid, or ascorbate)
and (vitamin E, vit E, alpha-tocopherol, or tocopherol),
and (CRP, c-reactive protein, c reactive protein, HSCRP,
hs-CRP, high-sensitivity CRP, high sensitivity CRP, in-

flammation, or inflammatory)]. Further, a manual search
and reference lists check of all included studies and re-
lated reviews was carried out to identify additional rele-
vant articles. Initially, we identified 5,134 studies, of
which 8 unique studies met the inclusion criteria and
were selected for inclusion in this meta-analysis. The
process of study selection is shown in the flow diagram
(Fig. 1). Reference management was carried out using
EndNote X7.5.

Study selection

The inclusion criteria for study selection were as follows:
1) RCT of oral vitamin C and E co-supplementation, 2)
trials which reported mean or median values at baseline
and at the end of supplementation in both intervention
and control groups with reported standard deviation
(SD), standard error of the mean, or 95% confidence in-
terval (CI). The exclusion criteria were as follows: 1)
studies with no placebo group, 2) case-control, cross-sec-
tional, cohort design, conference papers, and review stud-
ies, 3) studies which used a combination of other vita-
mins and minerals, 4) studies conducted in animal mod-
els, 5) studies that were not available, 6) trials in which
the study duration was less than 1 week.

Data extraction and quality assessment

After removing duplicates, the titles and abstracts of all
studies were independently assessed by two reviewers to
identify potentially relevant studies for full text evalua-

(n=5,134)

Records identified through database searching:
PubMed (508), Scopus (2,888), ISI Web of Science (724),
Embase (685), Cochrane (158), Ovid (171)
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Fig. 1. Flow diagram of the literature search.
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tion. Finally, the full texts of selected articles were re-
viewed to determine whether the article qualified for in-
clusion. Any disagreement between the two reviewers
was resolved by consulting a third author. Using a stand-
ardized data collection form, the following data were ab-
stracted: last name of the first author, publication year
and country, health status, gender and mean age of the
participants, study design, sample size, type of interven-
tion, dosage and duration of the intervention, and main
outcome. Any disagreements arising during the data ex-
traction were settled by a third author.

The quality of each included study was assessed using
the 5-point scale Jadad score (Jadad et al., 1996). This
scale assesses the quality of RCTs and includes random
allocation (up to 2 points), double blinding (up to 2
points), and description of withdrawals and dropouts (up
to 1 point). Studies with scores of 3 and higher are gen-
erally considered to be high quality studies.

Data synthesis and statistical analysis

Changes in the mean and SD of variables between base-
line and post intervention were used in the meta-analy-
sis. In cases when the SD of the change was not reported,
SD was calculated using following formula: SD = square
root [(SD pre-intervention)2 + (SD post-intervention)2 -
(2R x SD pre-intervention X SD post-intervention)]. A
correlation coefficient of 0.8 was assumed as the R-value
in the formula above. For some studies, the reported SE
was converted to SD by multiplying standard error with
v n, where n is the sample size of each group. If the var-
iables were reported in median and range (or 95% CI),
mean and SD were estimated according to the method
by Hozo et al. (2005). When the variables were reported
in a graphic form, GetData Graph Digitizer software 2.24
(Fedorov, 2008) was used to digitize and extract the data.
A fixed effect model was used to assess the pooled effect
size. When heterogeneity was presented, a random effect
model was used. We performed subgroup analysis based
on gender, health status, age, dose, study quality, study
duration, and baseline levels of CRP to detect possible
sources of heterogeneity. We used median age (30 years
of age) for the subgroup analysis. Therefore, we per-
formed subgroup analysis for participants <30 and =30
years of age. Publication bias was assessed using visual
assessment of funnel plots, Beg tests and Egger’s regres-
sion asymmetry tests. We performed sensitivity analysis
(metaninf analysis) by conducting a one-study remove
(leave-one-out) approach, to estimate the impact of each
trial on the pooled effect size. Between-study heteroge-
neity was examined using Q tests and I-square (I) tests
(Higgins et al., 2003). All analyses were conducted using
STATA ver. 12 (StataCorp., College Station, TX, USA).

RESULTS

Study selection

The initial search yielded 508, 158, 724, 685, 2,888, and
171 citations in PubMed, Cochrane Library, Web of Sci-
ence, Embase, Scopus, and Ovid papers, respectively. No
study was found while searching the reference lists. Of
these, 1,328 articles were excluded due to duplication.
The titles and abstracts of 3,806 articles were subse-
quently reviewed and 3,794 studies were excluded due
to the following reasons: animal studies, reviews, supple-
mentation with other antioxidants and multivitamins, no
placebo group, and unrelated studies. Thereafter, the full
texts of 12 studies were assessed for eligibility and 8 were
included in this meta-analysis.

Study characteristics

All 8 included studies (Bruunsgaard et al., 2003; Tahir
et al., 2005; Ullegaddi et al., 2005; Bloomer et al., 2007;
Peairs and Rankin, 2008; Barker et al., 2011; Arruda et
al., 2013; Osman et al., 2016) were double blinded and
placebo-controlled trials. The durations of intervention
ranged from 7 to 1,151 days. Data are pooled to include
186 participants in the intervention arm and 213 partici-
pants in the control arm; participants’ age ranged from 22
to 79 years. Three studies were conducted in the USA
(Bloomer et al., 2007; Peairs and Rankin, 2008; Barker et
al., 2011), one in Brazil (Arruda et al., 2013), one in Den-
mark (Bruunsgaard et al., 2003), one in Ireland (Tahir et
al., 2005), one in United Kingdom (Ullegaddi et al., 2005)
and one in Malaysia (Osman et al., 2016). All the in-
cluded studies had parallel designs. Five studies include
participants of both genders and three studies enrolled
only males. Basis on the Jaded scale, 3 studies were of
good quality (=3) but 5 studies had quality scores of less
than 3 (Table 1). The vitamin doses also varied between
studies. For vitamin C, doses ranged from 500 mg/d to
1,400 mg/d, and for vitamin E doses ranged between 80
mg/d and 900 mg/d. Some studies were conducted on
healthy subjects (Bruunsgaard et al., 2003; Peairs and
Rankin, 2008; Bloomer et al., 2007) whereas other stud-
ies were conducted on patients. The characteristics of the
included studies are summarized in Table 1. Five studies
did not find a significant effect of vitamin C and E co-sup-
plementation on CRP, two studies found co-supplemen-
tation significantly reduced CRP, and one study showed
co-supplementation significantly increased CRP (Table 1).

Publication bias and sensitivity analyses

Evaluation of publication bias by funnel plots did not un-
cover any publication bias within any of the studies (Fig.
2). Further, results from both the Egger’s tests and the
Begg’s tests did not indicate any publication bias (P=0.25
and P=0.56, respectively). Metaninf analysis suggested
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Fig. 2. Funnel plot of the studies included. WMD, weighted mean
difference.

that the elimination of any of the included studies would
not alter the final results.

Meta-analysis

Results of this meta-analysis of 8 clinical trials indicate
that vitamin C and E co-supplementation does not signif-
icantly impact levels of CRP [weighted mean difference
and 95% CI with random effects model analysis: —0.22
mg/L (—0.85, 0.41), P=0.5] (Fig. 3). There was a mod-
erate-to-high level of heterogeneity between the in-
cluded studies (I*=80.8%, P<0.001). Thus, we conducted
subgroup analyses to identify the sources of the hetero-
geneity. There was no significant effect between sub-
groups in terms of baseline levels of serum CRP, inter-

vention dose, trial duration, sex, and health status of the
participants (Table 2). However, the subgroup analysis
based on participant age indicated that vitamin C and E
co-supplementation significantly reduced levels of serum
CRP in participants aged >30 years old of age, and sig-
nificantly increased levels of serum CRP in participants
aged <30 years of age (Table 2). This heterogeneity was
not present in male participants aged <30 years of age
(Table 2).

DISCUSSION

Results of the present systematic review and meta-analy-
sis demonstrate that vitamin C and E co-supplementation
does not significantly impact levels of serum CRP. How-
ever, subgroup analysis indicated that co-supplementa-
tion differently impacted participants <30 and =30 years
of age. We showed that vitamin C and E co-supplemen-
tation significantly lowered serum CRP in participants
>30 years of age, but significantly increased serum CRP
in participants <30 years of age.

Vitamin E and vitamin C are the most important anti-
oxidants in the human diet. o-Tocopherol is one of the
active components of the vitamin E family. During anti-
oxidant activity of vitamin E, o-tocopherol is oxidized to
o-tocopheroxyl radicals, which can be regenerated to o-
tocopherol by vitamin C (Pryor, 2000). This phenomenon
suggests a synergistic function of these vitamins. Previ-
ous investigations have reported that vitamin E and C
co-supplementation of can increase antioxidant capacity

References WMD (95% CI) % Weight
Bruunsgaard et al. (2003) ’ -0.10 (-0.62, 0.42) 10.78
Tahir et al. (2005) L -0.70 (-1.22, -0.18) 10.78
Ullegaddi et al. (2005) . -35.33 (-66.79, -3.87) 0.04
Ullegaddi et al. (2005) ——— -15.66 (-25.28, -6.04) 0.41
Ullegaddi et al. (2005) B — -25.50 (-46.13, -4.87) 0.09
Bloomer et al. (2007) » 0.61 (-1.60, 2.83) 4.77
Bloomer et al. (2007) fo- 1.66 (—1.18, 4.50) 3.45
Bloomer et al. (2007) +o- 2.41 (-1.05, 5.87) 2.57
Bloomer et al. (2007) * 0.02 (-1.23,1.27) 7.97
Bloomer et al. (2007) -+ -0.29 (-2.73, 2.15) 4.23
Bloomer et al. (2007) < -0.25 (-1.76, 1.26) 6.97
Peairs and Rankin (2008) . -2.15(-3.00, -1.30) 9.58
Barker et al. (2011) + -0.35(-1.88, 1.18) 6.90
Arruda et al. (2013) 3 0.91 (0.46, 1.36) 10.97
Arruda et al. (2013) ’ 0.43 (-0.02, 0.88) 10.96
Osman et al. (2016) L -0.70 (-1.56, 0.16) 9.53
Overall (I’=80.8%, P<0.001) -0.22 (-0.85,0.41)  100.00
NOTE: Weights are from random effects analysis
I -6é.8 0 66I.8 I

Fig. 3. Forest plot of the random-effects meta-analysis of the effect of vitamin C and E co-supplementation on serum level of
C-reactive protein. WMD, weighted mean difference; CI, confidence interval.
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Table 2, Subgroup analyses of the effect of vitamins E and C co-supplementation on serum CRP

NO WMD (95% CI) P within group P heterogeneity I

Baseline CRP (mg/L)

<3 9 —0.31 (—1.06, 0.44) 0.42 <0.001 66.1%

>3 7 —0.17 (—1.23, 0.88) 0.74 <0.001 86.3%
Trial duration (week)

<12 10 —0.53 (—2.11, 1.04) 0.51 <0.001 76.8%

>12 6 —0.02 (—0.61, 0.56) 0.94 <0.001 852%
Intervention doses of vitamin C and vitamin E

>1,000 mg/d vitamin C with 12 —0.33 (—1.42, 0.76) 0.55 <0.001 94.1%

>700 mg/d vitamin E
<1,000 mg/d vitamin C or 4 —0.14 (—0.95, 0.66) 0.73 <0.001 58.4%
<700 mg/d vitamin E

Sex

Male 8 —0.02 (—0.43, 0.39) 0.91 0.78 0.0%

Both sexes 8 —0.69 (—1.77, 0.38) 0.21 <0.001 90.6%
Age

<30 8 0.61 (0.31, 0.91) >0.001 0.48 0.0%

>30 8 —1.03 (—1.97, —0.08) 0.03 <0.001 80.6%
Health status

Healthy 8 —0.17 (—=1.09, 0.74) 0.71 <0.001 70%

Patients 8 —0.26 (—1.18, 0.66) 0.56 <0.001 85.5%
Jadad score

<3 5 —0.79 (—1.48, —0.12) 0.02 <0.001 75.7%

>3 11 0.34 (—0.45, 1.13) 0.39 <0.001 65.1%

CRP, C-reactive protein; WMD, weighted mean difference; CI, confidence interval.

and decrease the amount of lipid peroxidation products
(Ullegaddi et al., 2005). A previous study has also re-
ported that the anti-inflammatory effect of antioxidants
may also be due to their role in inhibiting oxidative stress
(Grimble, 1994). Disturbance to the redox state contrib-
ute to immune system activation (Gill et al., 2010), and
anti-oxidants such as vitamins C and E prevent up-regu-
lation of cytokines production by oxidants (Grimble,
1994). One of the most well-known inflammatory media-
tors is CRP. CRP is a protein that binds to C-polysaccha-
rides of the pneumococcal cell wall (Yeh and Willerson,
2003). CRP is part of the innate immune system that can
activate the classical complement pathway (Sjoberg et
al., 2006), and can bind to damaged cell phospholipids
and increase uptake of these cells by macrophages (Du
Clos, 2000). Recently, CRP has been shown to possess
pro-atherogenic properties. CRP can stimulate endotheli-
al cells to increase secretion of selectins, vascular cell ad-
hesion molecule-1, and monocyte chemotactic protein-1
(Yeh and Willerson, 2003), and can increase expression
of pro-inflammatory cytokines such as IL-6 in human
endothelial cells (Verma et al., 2002).

However, studies investigating the anti-inflammatory
effects of vitamin C and E co-supplementation have pub-
lished contradictory results. Bruunsgaard et al. (2003)
showed that long term co-supplementation does not sig-
nificantly affect anti-inflammatory responses in healthy
men, and does not significantly impact levels of CRP,
TNF-o, and IL-6. Further, Osman et al. (2016) showed

that supplementation with vitamin E, vitamin C, and vi-
tamin C+E combined in patients with hypercholesterol-
emia did not significantly impact levels of inflammatory
biomarkers such as CRP, TNF-a, and IL-6. However,
Ullegaddi et al. (2005) reported that co-supplementation
with vitamin C and E lowers CRP after 90 days, whereas,
Arruda et al. (2013) reported that co-supplementation
with vitamin C and E increases inflammatory markers,
such as the neutrophil count and serum CRP. In this
meta-analysis, we showed that co-supplementation with
vitamin C and E does not significantly affect serum CRP.
However, one previous meta-analysis reported that sup-
plementation with vitamin E alone decreases serum CRP
(Saboori et al., 2015), and another showed that supple-
mentation with vitamin C alone also decreases serum
CRP (Jafarnejad et al., 2018). Previous studies show that
serum CRP is associated with age, body fat, and insulin
levels (Hughes and Kumari, 2018; Yudkin et al., 1999).
Population-based studies have reported a direct correla-
tion between age and serum CRP (Hughes and Kumari,
2018). In addition, body fat can influence levels of serum
CRP (Yudkin et al., 1999). IL-6 and TNF-a are secreted
by subcutaneous adipose tissues, and are the main stimuli
of the CRP synthesis (Du Clos and Mold, 2004). There-
fore, serum CRP in healthy populations can be largely in-
fluenced by variables that are not subject to modulation
by antioxidant supplementation.

Results of our subgroup analysis indicated that co-sup-
plementation with vitamin C and E significantly reduces
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serum CRP in older participants (=30 years old). An ex-
planation for this finding may be that oxidative stress in-
creases with age (Judge et al., 2005), thus supplementa-
tion with antioxidants such as vitamin C and E reduces
inflammatory mediators like calcium pyrophosphate by
decreasing oxidative stress. In addition, it has been re-
ported that the prevalence of obesity and being over-
weight was increase with age (Yamamoto et al., 2011). A
relationship between obesity and increased levels of CRP
and oxidative stress has also been demonstrated in sev-
eral studies (Higdon and Frei, 2003). Oxidative stress can
activate Toll-like receptors which mediates the inflamma-
tory response and increase secretion of pro-inflammato-
ry cytokines (Gill et al., 2010). Results from our study
showed that combined supplementation with vitamin C
and E in younger (<30 years old) but not older (=30
years of age), can increase serum CRP. It has previously
been reported that the timing of antioxidant ingestion is
an important factor for optimally preventing inflamma-
tion (Carroll and Schade, 2003). A study carried out in
2003, demonstrated that co-supplementation with vita-
min C and E in the morning may protect against eleva-
tions in inflammatory mediators, whereas ingestion of
antioxidants immediately before a high-fat meal had no
beneficial effects (Carroll and Schade, 2003). Further-
more, it has been reported that vitamin C supplementa-
tion increases oxidative stress after eccentric exercise
(Childs et al., 2001). Therefore, the reasons for the dis-
crepancy in our results of vitamin C and E co-supplemen-
tation between participants of different ages might be due
to the differences in the level of oxidative stress at differ-
ent ages, the timing of antioxidant ingestion, and other
possible mechanisms between antioxidants and CRP that
are not fully understood. Further studies are required to
fully understand the impact of co-supplementation with
vitamin C and E.

This systematic review and meta-analysis has several
strengths. Firstly, we provide a comprehensive review of
vitamin C and E co-supplementation by examining RCTs.
Second, this review is the result of an up-to-date litera-
ture search of a large number of databases and included
eight studies. However, this study has also several limita-
tions. First, our systematic search was not limited to a
particular disease, which may have increased heteroge-
neity. However, we performed subgroup analysis, which
decreased heterogeneity in some of the subgroups. Sec-
ond, although we carried out a comprehensive search,
some relevant studies may not have been included. Final-
ly, the strength of the conclusion was limited by the
small sample size of the individual studies; however, the
results should be helpful to guide future studies.

Our systematic review and meta-analysis indicated that
vitamin C and E co-supplementation did not significantly
impact levels of serum CRP. However, subgroup analysis

indicated that co-supplementation significantly reduced
serum CRP in older participants (=30 years old), and sig-
nificantly increased serum CRP in participants <30 years
of age. Further large-scale RCT's are needed to fully de-
termine the effect of co-supplementation with vitamins
Cand E on CRP.
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