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Abstract: Vitamin E has an antioxidant property and is associated with protection against malaria.
The current study used systematic review and meta-analysis approaches examining the variance in
blood levels of vitamin E in malaria patients as compared with uninfected individuals. The protocol
for the systematic review was registered with PROSPERO (CRD4202341481). Searches for pertinent
studies were carried out on Embase, MEDLINE, Ovid, PubMed, Scopus, ProQuest, and Google
Scholar. The combined effect estimate (Cohen’s d) of the difference in vitamin E levels in malaria
patients as compared with uninfected individuals was estimated using the random effects model. The
searches yielded 2009 records, and 23 studies were included in the systematic review. The majority
of the studies (80%) found that vitamin E levels were significantly lower in malaria patients than
those who were not infected. Overall, the results revealed a significant reduction in blood levels
of vitamin E in malaria patients when compared with uninfected individuals (p < 0.01, Cohen’s d:
−2.74, 95% CI: −3.72–(−1.76), I2: 98.69%, 21 studies). There was a significant reduction in blood
levels of vitamin E in patients suffering from severe malaria, in comparison with those experiencing
less severe forms of the disease (p < 0.01, Cohen’s d: −0.56, 95% CI: −0.85–(−0.26), I2: 0%, 2 studies),
but no variation in blood levels of vitamin E among patients suffering from either P. falciparum or
P. vivax malaria (p = 0.13, Cohen’s d: −1.15, 95% CI: −2.62–0.33, I2: 93.22%, 3 studies). In summary,
the present study strongly suggests that vitamin E levels are significantly reduced in malaria patients,
with a more pronounced decrease observed in cases of severe malaria. However, the type of malaria
parasite, specifically P. falciparum or P. vivax, did not appear to influence the levels of vitamin E. This
study highlights the potential role of vitamin E in the pathogenesis of malaria and suggests that
improved vitamin E status might be beneficial for improving disease outcomes.
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1. Introduction

Malaria is a protozoan disease caused by infection with Plasmodium vivax, Plasmodium
falciparum, Plasmodium ovale, Plasmodium malariae, or Plasmodium knowlesi through the bite of
Anopheline mosquitoes [1–3]. Despite continuing efforts in malaria prevention and control,
the disease affects more than 300 million to 500 million people worldwide, particularly
children in Africa. In the year 2021, malaria cases worldwide reached 247 million, with
an estimated 619,000 malaria deaths [3]. Plasmodium infection leads to the production of
free radicals through oxidative stress, which is one of the pathogenesis mechanisms caused
by Plasmodium parasites [4,5]. Although the role of oxidative stress in relation to malaria
remains somewhat elusive, studies have reported an association between the production
of reactive oxygen species (ROS) and the progression to severe malaria [4,6,7]. Therefore,
combining antimalarial drugs with antioxidant agents could be a promising approach to
enhance the efficacy of malaria case management and control strategies.
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Vitamin E, a fat-soluble nutrient, is composed of four tocopherols and four tocotrienols.
A well-known function of vitamin E is its antioxidant property, which prevents lipid
peroxidation of the cell membrane [8]. In a mouse model, there is evidence to suggest that
vitamins E and A may possess antimalarial properties [9]. Specifically, vitamin E, when
administered at the dosage and via the route employed, was effective in preventing anemia
induced by P. berghei, as well as in mitigating alterations in both relative organ weight and
antioxidant status in mice [9]. Furthermore, a combination of vitamins C and E has been
indicated to have potential benefits in ameliorating P. berghei-induced anemia and other
pathological effects in mice [10]. On the contrary, a study in a mouse model showed that
mice with vitamin E deficiency in combination with chloroquine significantly improved
their survival rates when infected with Plasmodium [11]. In addition, P. falciparum was
reported to use vitamin E to avoid oxidative stress and protect itself from the radicals
generated by antimalarial drugs [12]. Studies on HIV-infected Tanzanian women showed
that multivitamin supplementation can reduce the risk of presumptively diagnosed clinical
malaria and reduce high parasitemia [13,14]. Although the relationship between vitamin E
and its role in malaria pathogenesis is demonstrated through studies conducted both
in vitro and in vivo, the role of vitamin E in human participants is inconsistent, and the
conclusion of the relationship was based on studies with a small number of participants.
As a result, the current study used systematic review and meta-analysis approaches to
investigate the difference in vitamin E levels between patients infected with Plasmodium
species and those who were not. Furthermore, the difference in vitamin E levels between
different clinical malaria and Plasmodium species was also investigated. The outcome of this
study will offer necessary insights to direct the potential benefit of vitamin E as a vitamin
supplementation to patients with malaria in order to manage the disease’s poor outcomes or
to participants who reside in endemic areas in order to help prevent Plasmodium infection.

2. Methods
2.1. Registration, Guidelines for Reporting, and Review Questions

The protocol for the systematic review was registered with PROSPERO (CRD4202341481).
The systematic review and meta-analysis were reported following the PRISMA 2020 state-
ment [15]. The systematic review questions followed the population, intervention, com-
parator(s), and outcomes (PICO) framework [16]. P was patients with malaria; I was none;
C were patients without malaria; and O were vitamin E levels.

2.2. Eligibility Criteria

The eligibility criteria include both the inclusion and exclusion criteria. The inclusion
criteria were as follows: (i) the study must have reported on vitamin E levels in malaria
patients and made a comparison with individuals who were not infected with malaria,
(ii) vitamin E levels must have been measured before the patients underwent any treat-
ment for malaria, and (iii) the study could include any form of vitamin E. The exclusion
criteria were animal studies; in vitro studies; studies that do not provide data on vitamin E
levels in malaria patients; studies for which the full text is not available; studies involv-
ing patients who received vitamin supplementation prior to the study; studies focusing
exclusively on severe malaria and vitamin E levels; studies focusing on vitamin E levels in
conditions other than malaria; studies that include participants that overlap with those in
another study; studies in which data on vitamin E levels in malaria patients could not be
extracted; studies that measured vitamin E levels after malaria treatment; review articles;
and conference abstracts.

2.3. Search Strategy

The searches were conducted in six databases including Embase, MEDLINE, Ovid,
PubMed, Scopus, and ProQuest. The synonyms of the search terms “Vitamin E” and
“malaria” that were used in the search strategy were identified from Medical Subject
Headings (MeSH). The identified search terms were combined with Boolean operators
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such as (“Vitamin E” OR tocopherols OR alpha-tocopherol OR beta-tocopherol OR gamma-
tocopherol OR tocotrienols) AND (malaria OR Plasmodium OR “Remittent Fever” OR
“Marsh Fever” OR paludism). The details of the search strategy in each database are
demonstrated in Table S1. The searches were not restricted to the English language or by
publication dates of the articles. A search was also executed on Google Scholar to discover
pertinent studies not cataloged in the primary databases. The final date for searches in
main databases and Google Scholar was 31 March 2023.

2.4. Study Selection

All the articles collected from the databases were transferred into EndNote 20.0 soft-
ware (Clarivate Analytics, Philadelphia, PA, USA). After removing duplicates, studies
were screened based on their titles and abstracts for relevance. After irrelevant studies
were excluded, the remaining studies’ unabridged texts underwent screening for the final
selection based on the eligibility criteria. Studies were excluded for a variety of reasons,
including failure to meet the criteria. Two review authors independently conducted the
screening and examination of the articles, and any discrepancies in the selection of studies
were resolved through discussion.

2.5. Data Extraction

The same two review authors extracted the data from selected studies into the standard
spreadsheet. Any discrepancies during data extraction were resolved through discussion
and consensus between the authors. The following information was collected from every
single study: first author’s name, publication year, design of the study, area and continent,
year of conduction, study participants (children, adults, pregnant women, or mixed), me-
dian/mean age, clinical status (asymptomatic, severe, non-severe, or mixed), vitamin E
levels (higher or lower between groups), vitamin E levels (mean and standard deviation, me-
dian and interquartile range), parasite density, methods for malaria detection (microscopy,
rapid diagnostic test, molecular, or combination), and methods for vitamin E measurement.

2.6. Quality Assessment

The quality of the studies was evaluated utilizing the Joanna Briggs Institute (JBI)
critical appraisal tools [17]. There were 8 checklists for cross-sectional studies, 10 checklists
for case-control studies, and 11 checklists for cohort studies. On the basis of the existence or
lack of each item on the checklists, the studies were assigned a rating of yes, no, ambiguous,
or not applicable. The assessment was conducted by the same two review authors, and any
differences were solved through discussion and agreement.

2.7. Data Synthesis

The combined effect estimate (Cohen’s d) with 95% confidence intervals (CIs) of
vitamin E levels between malaria patients and those who were not infected, between those
with severe malaria and those experiencing less severe forms of the disease, and between
patients suffering from P. falciparum malaria and those suffering from P. vivax malaria, was
estimated using the random effects model as previously described [18]. The heterogeneity
between studies was evaluated using the Cochran Q and I2 statistics [19]. A p-value of less
than 0.10 for the Cochran Q test demonstrated significant heterogeneity [20]. In addition,
levels of heterogeneity were categorized into <25%, 25–75%, and >75%, which indicated
low, moderate, and high levels of heterogeneity, respectively [21].

A meta-regression analysis was conducted to assess the potential source of hetero-
geneity between the meta-analysis’s included studies. Subgroup analyses were carried out
to compare the differential effects based on characteristics of studies (publication years,
study design, continent, country), participants (Plasmodium species, clinical status), the
diagnostic test for malaria, and forms of vitamin E. A leave-one-out meta-analysis was
employed for the purpose of sensitivity analysis to identify any outlier and measure the
statistical validity of the summary meta-analysis [22]. The interpretation of a funnel plot
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asymmetry [23], Egger’s test [24], and contoured enhanced funnel plot [25] were employed
to assess publication bias. The meta-analysis was carried out using Stata 17 and Stata 18
(StataCorp LLC, College Station, TX, USA).

3. Results
3.1. Search Results

The searches yielded 2009 records from ProQuest (n = 889), Ovid (n = 338), Embase
(n = 288), Scopus (n = 283), MEDLINE (n = 116), and PubMed (n = 95). After 1362 nonrelated
records were excluded during the title and abstract screening process, 133 records were
further examined for their full texts against the eligibility criteria. Among those records,
seventeen records met the eligibility criteria. The remaining studies were excluded based
on the following criteria: animal studies (n = 54), in vitro studies (n = 21), reviews (n = 15),
no data on vitamin E in malaria (n = 10), vitamin E in non-malaria (n = 4), no full text (n = 4),
vitamin supplementation (n = 3), conference abstracts (n = 1), vitamin E in severe malaria
only (n = 1), studies using overlapping participants (n = 1), vitamin E after treatment (n = 1),
and vitamin E in malaria were unable to be extracted (n = 1).

The searches on Google Scholar identified 23 potentially relevant studies, and 6 met
the eligibility criteria. The following studies were excluded: duplicates with main databases
(n = 6), those with no information on vitamin E in malaria (n = 5), those on vitamin E in
malaria without an uninfected group (n = 2), a study for which data were unable to be
extracted (n = 1), a study on vitamin E supplementation (n = 1), a review (n = 1), and a
conference abstract (n = 1). Overall, 23 studies were included in the systematic review and
meta-analysis (Figure 1).
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3.2. Characteristics and Critical Appraisal of the Studies

The characteristics of 23 studies are shown in Table 1. Briefly, most studies were
published between 2011 and 2022 (39.1%), followed by 2000–2010 (30.4%), and before 2000
(30.4%). The majority of the studies were case-control (47.8%), followed by cross-sectional
studies (43.5%), and cohort studies (8.70%). Most studies were conducted in Africa (56.5%),
Asia (34.8%), and Europe (8.70%). Among studies that were conducted in Africa (13 studies)
and Asia (8 studies), Nigeria and India accounted for the majority of studies with 92.3%
and 62.5%, respectively. The majority of the studies enrolled children (39.1%), followed
by adults (30.4%), and pregnant women (17.4%). The majority of the studies included
patients infected with P. falciparum (69.6%). For clinical symptoms, the majority of the
studies enrolled participants with symptomatic malaria (69.6%). The microscopic method
was the main method for identifying Plasmodium species among the studies (95.7%). Lastly,
the majority of studies measured vitamin E in which form of vitamin E was not specified
(52.2%), and the remaining studies measured α-tocopherol (39.1%) and total tocopherols
(8.70%). S2 illustrates the specifics of each study. The risk of bias of the included studies that
were evaluated utilizing the JBI case-control critical appraisal tool, cohort, and correctional
studies is demonstrated in Table S3.

Table 1. Overview of the characteristics of the studies.

Characteristics n. (23) %

Year of publication
2011–2022 9 39.1
2000–2010 7 30.4

Before 2000 7 30.4

Study designs
Case-control studies 11 47.8

Cross-sectional studies 10 43.5
Cohort studies 2 8.70

Study areas
Africa 13 56.5

Nigeria 12 92.3
Kenya 1 7.70
Asia 8 34.8
India 5 62.5

Thailand 2 25.0
Vietnam 1 12.5
Europe 2 8.70

Plasmodium spp.
P. falciparum 16 69.6

P. falciparum, P. vivax 4 17.4
P. falciparum, P. vivax, P. ovale 1 4.34

Not specified 2 8.70

Participants
Children 9 39.1
Adults 7 30.4

Pregnant women 4 17.4
All age groups 1 4.34

Pregnant and nonpregnant
women 1 4.34

Not specified 1 4.34
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Table 1. Cont.

Characteristics n. (23) %

Clinical status
Symptomatic malaria 16 69.6

Asymptomatic malaria 1 4.34
Status not defined 6 26.1

Methods for malaria
detection

Microscopy 22 95.7
Not specified 1 4.30

Form of vitamin E
α-tocopherol 9 39.1

Total tocopherols 2 8.70
Form was not specified 12 52.2

3.3. Vitamin E Levels in Malaria Patients Compared with Those Who Were Not Infected

Out of 22 studies examining the vitamin E levels in malaria patients compared with
those uninfected [26–47], the majority (18 out of 22 studies, or 81.8%) found that vitamin E
levels were significantly lower in malaria patients [26–43]. Three studies found no sig-
nificant difference in vitamin E levels between the two groups [44–46], while one study
reported increased vitamin E levels in malaria patients compared with those who were not
infected [47]. One study investigated vitamin E levels in different levels of parasite density
and found that vitamin E levels increased significantly as parasite density increased [48].

The quantitative synthesis was performed using the quantitative data (mean ± SD,
median ± IQR) on vitamin E in both malaria patients and those who were not infected
from 21 studies [26–33,35–45,47,48]. The meta-analysis showed decreased vitamin E levels
in malaria patients when compared with those who were not infected (p < 0.01, Cohen’s d:
−2.74, 95% CI: −3.72–(−1.76), I2: 98.69%, 21 studies, Figure 2).

A meta-regression analysis incorporating variables such as publication year, study
design, the continent where the study was conducted, participants’ group, and the species
of Plasmodium, clinical status, diagnostic method for malaria, and forms of vitamin E
showed that continent, participants’ group, Plasmodium species, and forms of vitamin E
affected the pooled effect estimate (p < 0.05) (Table S4). The subgroup analysis indicates
that vitamin E levels are generally lower in malaria patients compared with noninfected
individuals across different continents, participant groups, and Plasmodium species, with a
few exceptions. Specifically, decreased vitamin E levels were observed in malaria patients
in both Africa and Asia. When considering the participants’ groups, decreased vitamin E
levels were noted in studies involving children and adults, but not in studies focusing on
pregnant women. For Plasmodium species, the trend of decreased vitamin E levels was seen
in studies concerning P. falciparum as well as those involving both P. vivax and P. falciparum.
However, no significant difference was observed in studies where the Plasmodium species
was not specified. Finally, when analyzing the forms of vitamin E, a decrease was observed
in studies that did not specify the form of vitamin E, while no significant difference was
found in studies measuring α-tocopherol or total tocopherols (Table 2).

Table 2. Subgroup analyses of vitamin E levels between malaria cases and uninfected controls.

Subgroup Analyses p-Value Cohen’s d (95% CI) I2 (%) Number of Studies

Continent
Africa <0.01 −3.10, −4.54–(−1.66) 98.95 12
Asia <0.01 −1.74, −2.95–(−0.52) 97.81 8
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Table 2. Cont.

Subgroup Analyses p-Value Cohen’s d (95% CI) I2 (%) Number of Studies

Age group
Children <0.01 −3.97, −5.35–(−2.59) 98.76 9
Adults <0.01 −3.66, −5.07–(−2.25) 94.41 6
Pregnant women 0.43 0.88, −1.31–3.07 98.92 4
Children and adults N/A −0.89, −1.39–(−0.40) N/A 1
Not specified N/A −1.85, −2.48–(−1.22) N/A 1

Plasmodium species
P. falciparum <0.01 −2.79, −3.99–(−1.60) 98.81 14
P. falciparum, P. vivax, P. Ovale N/A −8.02, −9.57–(−6.47) N/A 1
P. falciparum, P. vivax <0.01 −2.64, −4.32–(−0.95) 96.88 4
Not specified 0.93 −0.16, −3.52–3.20 98.75 2

Forms of vitamin E
Total tocopherols 0.30 −13.66, −39.24–11.92 99.68 2
α-tocopherol 0.08 −0.69, −1.48–(−0.09) 96.20 8
Not specified <0.01 −2.87, −4.81–(−0.93) 99.01 11

Abbreviations: CI, confidence interval; N/A, not assessed.
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3.4. Difference in Vitamin E Levels between Patients with Severe Malaria and Those Experiencing
Less Severe Forms of the Disease

Two studies reported the quantitative data on vitamin E levels between patients
with severe malaria and those experiencing less severe forms of the disease [32,44]. A
study showed no difference in the serum vitamin E levels between patients with severe
malaria and those experiencing less severe forms of the disease [44]. Another study showed
that vitamin E levels were significantly lower in patients with severe malaria than those
experiencing less severe forms of the disease [32]. Overall, the results revealed a significant
reduction in blood levels of vitamin E levels in patients with severe malaria in comparison
with those experiencing less severe forms of the disease (p < 0.01, Cohen’s d: −0.56, 95%
CI: −0.85–(−0.26), I2: 0%, 2 studies, Figure 3).

Figure 3. The variation in blood vitamin E levels between patients with severe malaria and those
experiencing less severe forms of the disease is illustrated by the forest plot. Explanations for symbols:
blue square, Cohen’s d for each study; green diamond, pooled Cohen’s d. Abbreviations: CI stands
for confidence interval; N represents the number of patients enrolled; SD represents the standard
deviation. References: [32,44].

3.5. Difference in Vitamin E Levels among Patients Suffering from either P. falciparum
or P. vivax Malaria

Three studies reported the quantitative data on vitamin E levels among patients
suffering from either P. falciparum or P. vivax malaria [37,41,43]. Overall, the meta-analysis
revealed no substantial variation in blood vitamin E levels in patients infected with either
P. falciparum or P. vivax malaria (p = 0.13, Cohen’s d: −1.15, 95% CI: −2.62–0.33, I2: 93.22%,
3 studies, Figure 4).

3.6. Sensitivity Analysis

The leave-one-out meta-analysis indicated that no single study had a significant impact
on the pooled effect estimate in the comparison of vitamin E levels between malaria patients
and uninfected individuals (p < 0.05, Figure 5). This suggests that the meta-analysis results
were stable and reliable. The leave-one-out meta-analysis in the meta-analysis of vitamin E
levels between patients with severe malaria and those experiencing less severe forms
of the disease, and among patients infected with either P. falciparum or P. vivax malaria,
was not possible to be executed owing to the limited quantity of studies incorporated in
the meta-analysis.
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(−0.63), 30 studies). 

Figure 5. The leave-one-out meta-analysis showing a significant reduction in vitamin E levels
in patients with malaria as compared with uninfected controls in each rerun analysis (p < 0.05).
Explanations for symbols: green circle, pooled Cohen’s d for each re-run analysis; red vertical line,
overall Cohen’s d estimated from all re-run analyses. Abbreviation: CI stands for confidence interval.
References: [26–33,35–45,47,48].
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3.7. Publication Bias

There were asymmetrical distributions of effect estimates in the funnel plot of the
meta-analysis of vitamin E levels between malaria patients and those who were not infected
(Figure 6). Egger’s test outcomes revealed a small-study effect (p < 0.01), indicating report-
ing bias among the studies included in the meta-analysis. The funnel plot’s asymmetry was
caused by the effect estimates’ heterogeneity, as seen by the distributions of effect estimates
beyond the significant area of the funnel plot (p < 0.05, Supplementary Figure S1). Trim
and fill analysis demonstrated decreased vitamin E levels in malaria patients as compared
with those who were not infected (Cohen’s d: −0.74, 95% CI: −0.85–(−0.63), 30 studies).

Figure 6. An asymmetrical spread of the effect estimate (SMD) from the middle line (red). The
funnel plot was generated using the meta-analysis data from blood vitamin E levels between malaria
patients and uninfected individuals. Abbreviation: CI, confidence interval.

4. Discussion

The evidence of the systematic review and meta-analysis showed decreased vitamin E
levels in malaria patients as compared with the uninfected group. The reduction in vita-
min E levels during Plasmodium infection may indicate the reaction of the host’s defensive
system to the production of reactive oxygen species or their metabolites. The decrease
in vitamin E levels in patients with malaria may indicate an increased requirement, in-
creased destruction, or increased utilization of vitamin E during malaria infection [43]. The
transfer of vitamin E to the membranes of red blood cells to combat the rise in oxidative
stress during the acute phase of the Plasmodium infection may be the cause of the drop in
vitamin E levels in malaria patients [43]. Furthermore, vitamin E can protect erythrocyte
membranes from oxidative stress, as shown by the clinical trial investigating vitamin E
supplementation among healthy people [49]. The improvement in erythrocyte membrane
fluidity and reduction in erythrocyte hemolysis is another proposed mechanism for protec-
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tion against Plasmodium infection by vitamin E [49]. Vitamin E in combination with other
antioxidant systems was consumed to counteract the higher levels of oxidative stress, and
its levels diminished, suggesting the mechanisms of the body can combat or neutralize
the effect of oxidative stress during Plasmodium infection. The reduction in ascorbic acid
or vitamin C levels during Plasmodium infection is one of the proposed mechanisms that
relate to the reduction in vitamin E in patients with malaria. Ascorbic acid or vitamin C
is maintained in its natural form with ascorbate; therefore, ascorbic acid deficiency may
hinder the regeneration of vitamin E and decrease membrane function [50]. A negative
relationship between serum vitamin E and the reactive lipid metabolite malondialdehyde
has been reported, indicating that reduced vitamin E augmented lipid peroxidation and
contributed to erythrocyte destruction [43]. This evidence supported that vitamin E may act
as an antioxidant, protecting the cell from oxidative stress caused by Plasmodium infection.

Although most of the included studies showed decreased vitamin E in malaria pa-
tients compared with those who were not infected, few studies reported the opposite
results [32,45]. Between these two studies, one study reported higher plasma levels of
vitamin E in malaria patients than in those who were not infected. The authors suggested
that little vitamin E was consumed during Plasmodium infection [32]. Another study also
reported higher levels of plasma vitamin E in children with P. falciparum malaria, but the
levels of vitamin E in erythrocyte membranes were lower than in uninfected controls [45].
The authors proposed that higher plasma levels of vitamin E during Plasmodium infections
might be due to the release of membrane vitamin E caused by acute hemolysis of the
erythrocytes [45].

Interestingly, the subgroup meta-analysis of participants enrolled in the included
studies showed comparable levels of vitamin E between pregnant women who were
infected and those who were not infected with malaria. This result was suggested to
be explained by the fact that pregnant women showed a hyperlipidemic state during
pregnancy, and vitamin E was also increased in this state as it is a fat-soluble vitamin [51].
In addition, it is probable that the enhancement of vitamin E dominates its use as an
antioxidant defense molecule [46]. Another explanation was that the majority of pregnant
women had asymptomatic infections, which might result in them exhibiting lower oxidative
stress levels than those with symptomatic infections. Hence, a small amount of vitamin E
may be diminished or non-significantly lower in pregnant women.

There were inconsistencies regarding the difference in vitamin E levels among patients
suffering from either P. falciparum or P. vivax malaria. Three studies reported vitamin E
levels among patients suffering from either P. falciparum or P. vivax malaria [37,41,43]. One
study showed that vitamin E levels were significantly decreased in P. falciparum malaria
as compared with P. vivax malaria [37]. Similarly, the other two studies showed lower
mean vitamin E levels in P. falciparum malaria as compared with P. vivax malaria [41,43].
It has been suggested that P. falciparum infection led to more oxidative stress than P. vivax
infection [43]. A previous study showed higher levels of lipid peroxides in patients with
P. falciparum infections as compared with those with P. vivax infections. Therefore, a higher
amount of vitamin E may be used to counteract high oxidative levels, which lower the
levels of blood vitamin E. Additional investigations are required to confirm the difference
in vitamin E levels between P. falciparum and P. vivax infections. Furthermore, due to
the increased oxidative stress and reduction in antioxidant vitamin E during Plasmodium
infection, antioxidant vitamin E supplementation or foods rich in vitamin E are being
recommended for the management of patients with malaria.

There was little information regarding the association between vitamin E levels and
parasite density. Three studies reported that vitamin E levels increased significantly as
malaria density increased [39,40,48]. This association suggested that patients with an
increased number of parasites might be more susceptible to higher levels of oxidative stress.
Nevertheless, the positive association between vitamin E levels and parasite density raised
the question about the role of vitamin E in different parasite densities as the meta-analysis
results showed decreasing vitamin E levels in participants who were infected with malaria.
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As the information on the association was limited by those three studies, future studies with
a higher number of malaria cases are needed to confirm the direction of this relationship.
There was also little information regarding the association between vitamin E levels and
severity levels of malaria. Based on the two studies that reported vitamin E levels among
patients with severe malaria in comparison with those experiencing less severe forms of
the disease [32,44], there was inconsistency regarding the vitamin E levels among various
levels of malaria severity. Despite the meta-analysis indicating a considerable reduction in
blood levels of vitamin E in patients with severe malaria in comparison with those with less
severe disease, the results of an individual study showed lower vitamin E levels in severe
malaria as compared with non-severe malaria [32], but a significant difference was not
found by another study [44]. The inconsistency in the results between studies might reflect
the differences in nutritional status and diet between the different studies’ locations [44].

This systematic review and meta-analysis included limitations. First, the meta-
analysis’s heterogeneity remained in the results of the present study. Second, the publication
bias in the meta-analysis might affect the conclusions made in this study. A small number
of studies that examined the relationship between vitamin E among patients with varying
levels of clinical severity and different species of Plasmodium causing malaria were incorpo-
rated in the analysis. Hence, more studies are needed to investigate the confidence of the
meta-analysis findings.

5. Conclusions

The findings of the systematic review and meta-analysis strongly suggest that vita-
min E levels are significantly reduced in malaria patients, with a more pronounced decrease
observed in cases of severe malaria. However, the type of malaria parasite, specifically
P. falciparum or P. vivax, did not appear to influence the levels of vitamin E. The present
study highlights the significant reduction in vitamin E levels that may be related to the
pathogenesis of malaria and suggests that improved vitamin E status might be beneficial
for improving disease outcomes.
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vs. uninfected controls_confunnel.

Author Contributions: M.K., K.U.K. and A.M. designed the study. M.K. and K.U.K. selected and
extracted the data from studies. M.K. performed the statistical analysis. M.K., K.U.K. and A.M.
validated and drafted the manuscript. F.R.M. participated in editing the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All study-related data can be found within the manuscript and its
supplementary files.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Crutcher, J.M.; Hoffman, S.L. Medical Microbiology; University of Texas Medical Branch at Galveston: Galveston, TX, USA, 1996.
2. Millar, S.B.; Cox-Singh, J. Human infections with Plasmodium knowlesi—Zoonotic malaria. Clin. Microbiol. Infect. 2015, 21, 640–648.

[CrossRef] [PubMed]
3. WHO. World Malaria Report 2022. 2022. Available online: https://www.who.int/teams/global-malaria-programme/reports/

world-malaria-report-2022 (accessed on 23 June 2023).
4. Vasquez, M.; Zuniga, M.; Rodriguez, A. Oxidative stress and pathogenesis in malaria. Front. Cell. Infect. Microbiol. 2021, 11, 768182.

[CrossRef]

https://www.mdpi.com/article/10.3390/nu15153472/s1
https://www.mdpi.com/article/10.3390/nu15153472/s1
https://doi.org/10.1016/j.cmi.2015.03.017
https://www.ncbi.nlm.nih.gov/pubmed/25843504
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://doi.org/10.3389/fcimb.2021.768182


Nutrients 2023, 15, 3472 13 of 14

5. Percario, S.; Moreira, D.R.; Gomes, B.A.; Ferreira, M.E.; Goncalves, A.C.; Laurindo, P.S.; Vilhena, T.C.; Dolabela, M.F.; Green, M.D.
Oxidative stress in malaria. Int. J. Mol. Sci. 2012, 13, 16346–16372. [CrossRef] [PubMed]

6. Ty, M.C.; Zuniga, M.; Gotz, A.; Kayal, S.; Sahu, P.K.; Mohanty, A.; Mohanty, S.; Wassmer, S.C.; Rodriguez, A. Malaria inflammation
by xanthine oxidase-produced reactive oxygen species. EMBO Mol. Med. 2019, 11, e9903. [CrossRef] [PubMed]

7. Narsaria, N.; Mohanty, C.; Das, B.K.; Mishra, S.P.; Prasad, R. Oxidative stress in children with severe malaria. J. Trop. Pediatr. 2012,
58, 147–150. [CrossRef]

8. Mustacich, D.J.; Bruno, R.S.; Traber, M.G. Vitamin E. Vitam. Horm. 2007, 76, 1–21. [CrossRef]
9. George, B.O.; Atalor, B.; Okpoghono, J. Role of Vitamin E, Vitamin A and aqueous extract of Aframomum sceptrum in mice, infected

with malaria parasites. Niger. J. Nutr. Sci. 2019, 40, 113–117.
10. Ibrahim, M.A.; Isah, M.B.; Okafor, A.I.; Bashir, M.; Bisalla, M.; Umar, I.A. Effects of combined administration of vitamins C and E

on some Plasmodium berghei-induced pathological changes and oxidative stress in mice. Comp. Clin. Pathol. 2012, 21, 1677–1682.
[CrossRef]

11. Suzuki, H.; Kume, A.; Herbas, M.S. Potential of vitamin E deficiency, induced by inhibition of alpha-tocopherol efflux, in murine
malaria infection. Int. J. Mol. Sci. 2018, 20, 64. [CrossRef]

12. Sussmann, R.A.C.; Fotoran, W.L.; Kimura, E.A.; Katzin, A.M. Plasmodium falciparum uses vitamin E to avoid oxidative stress.
Parasites Vectors 2017, 10, 461. [CrossRef]

13. Olofin, I.O.; Spiegelman, D.; Aboud, S.; Duggan, C.; Danaei, G.; Fawzi, W.W. Supplementation with multivitamins and vitamin A
and incidence of malaria among HIV-infected tanzanian women. J. Acquir. Immune Defic. Syndr. 2014, 67, S173–S178. [CrossRef]

14. Villamor, E.; Msamanga, G.; Saathoff, E.; Fataki, M.; Manji, K.; Fawzi, W.W. Effects of maternal vitamin supplements on malaria
in children born to HIV-infected women. Am. J. Trop. Med. Hyg. 2007, 76, 1066–1071. [CrossRef] [PubMed]

15. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

16. Stern, C.; Jordan, Z.; McArthur, A. Developing the review question and inclusion criteria. Am. J. Nurs. 2014, 114, 53–56. [CrossRef]
[PubMed]

17. Moola, S.; Munn, Z.; Tufanaru, C.; Aromataris, E.; Sears, K.; Sfetcu, R.; Currie, M.; Qureshi, R.; Mattis, P.; Lisy, K.; et al. Chapter
7: Systematic Reviews of Etiology and Risk. In JBI Manual for Evidence Synthesis; Aromataris, E., Munn, Z., Eds.; JBI: Adelaide,
Australia, 2020; Available online: https://synthesismanual.jbi.global (accessed on 15 May 2023).

18. DerSimonian, R.; Kacker, R. Random-effects model for meta-analysis of clinical trials: An update. Contemp. Clin. Trials 2007, 28,
105–114. [CrossRef] [PubMed]

19. Hoaglin, D.C. Misunderstandings about Q and ‘Cochran’s Q test’ in meta-analysis. Stat. Med. 2016, 35, 485–495. [CrossRef]
20. Higgins, J.P.T.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic

Reviews of Interventions; Version 6.3 (updated February 2022); Cochrane: London, UK, 2022. Available online: www.training.
cochrane.org/handbook (accessed on 15 May 2023).

21. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560.
[CrossRef]

22. Willis, B.H.; Riley, R.D. Measuring the statistical validity of summary meta-analysis and meta-regression results for use in clinical
practice. Stat. Med. 2017, 36, 3283–3301. [CrossRef]

23. Ioannidis, J.P.; Trikalinos, T.A. The appropriateness of asymmetry tests for publication bias in meta-analyses: A large survey.
CMAJ 2007, 176, 1091–1096. [CrossRef]

24. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,
629–634. [CrossRef]

25. Peters, J.L.; Sutton, A.J.; Jones, D.R.; Abrams, K.R.; Rushton, L. Contour-enhanced meta-analysis funnel plots help distinguish
publication bias from other causes of asymmetry. J. Clin. Epidemiol. 2008, 61, 991–996. [CrossRef] [PubMed]

26. Abubakar, M.G.; Usman, S.M.; Dandare, S.U. Oxidant status of children infected with Plasmodium falciparum malaria in Katsina
Metropolis, Northwestern Nigeria. Afr. J. Infect. Dis. 2016, 10, 17–20. [CrossRef]

27. Adelekan, D.A.; Adeodu, O.O.; Thurnham, D.I. Comparative effects of malaria and malnutrition on plasma concentrations of
antioxidant micronutrients in children. Ann. Trop. Paediatr. 1997, 17, 223–227. [CrossRef]

28. Aghedo, F.I.; Shehu, R.A.; Umar, R.A.; Jiya, M.N.; Erhabor, O. Antioxidant vitamin levels among preschool children with
uncomplicated Plasmodium falciparum malaria in Sokoto, Nigeria. J. Multidiscip. Healthc. 2013, 6, 259–263. [CrossRef] [PubMed]

29. Asaolu, M.F.; Igbaakin, P.A. Serum Levels of micronutrients and antioxidants during malaria in pregnant women In Ado-Ekiti,
Ekiti State, Nigeria. Int. J. Med. Sci. 2009, 1, 523–526.

30. Carbonneau, M.A.; Sess, D.; Peuchant, E.; Dubourg, L.; Thomas, M.J.; Perromat, A.; Clerc, M.; Receveur, M.C. Comparison
of methods evaluating lipoperoxidation in plasma of malaria patients. J. Liq. Chromatogr. Relat. Technol. 1994, 17, 2247–2272.
[CrossRef]

31. Das, B.S.; Nanda, N.K. Evidence for erythrocyte lipid pepoxidation in acute falciparum malaria. Trans. R. Soc. Trop. Med. Hyg.
1999, 93, 58–62. [CrossRef]

32. Das, B.S.; Thurnham, D.I.; Das, D.B. Plasma α-tocopherol, retinol, and carotenoids in children with falciparum malaria. Am. J.
Clin. Nutr. 1996, 64, 94–100. [CrossRef]

https://doi.org/10.3390/ijms131216346
https://www.ncbi.nlm.nih.gov/pubmed/23208374
https://doi.org/10.15252/emmm.201809903
https://www.ncbi.nlm.nih.gov/pubmed/31265218
https://doi.org/10.1093/tropej/fmr043
https://doi.org/10.1016/S0083-6729(07)76001-6
https://doi.org/10.1007/s00580-011-1348-7
https://doi.org/10.3390/ijms20010064
https://doi.org/10.1186/s13071-017-2402-3
https://doi.org/10.1097/QAI.0000000000000375
https://doi.org/10.4269/ajtmh.2007.76.1066
https://www.ncbi.nlm.nih.gov/pubmed/17556612
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1097/01.NAJ.0000445689.67800.86
https://www.ncbi.nlm.nih.gov/pubmed/24681476
https://synthesismanual.jbi.global
https://doi.org/10.1016/j.cct.2006.04.004
https://www.ncbi.nlm.nih.gov/pubmed/16807131
https://doi.org/10.1002/sim.6632
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/sim.7372
https://doi.org/10.1503/cmaj.060410
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.jclinepi.2007.11.010
https://www.ncbi.nlm.nih.gov/pubmed/18538991
https://doi.org/10.4314/ajid.v10i1.3
https://doi.org/10.1080/02724936.1997.11747890
https://doi.org/10.2147/JMDH.S41019
https://www.ncbi.nlm.nih.gov/pubmed/23874103
https://doi.org/10.1080/10826079408013544
https://doi.org/10.1016/S0035-9203(99)90180-3
https://doi.org/10.1093/ajcn/64.1.94


Nutrients 2023, 15, 3472 14 of 14

33. Davis, T.M.; Binh, T.Q.; Danh, P.T.; Dyer, J.R.; St John, A.; Garcia-Webb, P.; Anh, T.K. Serum vitamin A and E concentrations in
acute falciparum malaria: Modulators or markers of severity? Clin. Sci. 1994, 87, 505–511. [CrossRef]

34. Delmas-Beauvieux, M.C.; Peuchant, E.; Dumon, M.F.; Receveur, M.C.; Le Bras, M.; Clerc, M. Relationship between red blood cell
antioxidant enzymatic system status and lipoperoxidation during the acute phase of malaria. Clin. Biochem. 1995, 28, 163–169.
[CrossRef]

35. Ekeanyanwu, R.C.; Achuka, N.; Akpoilih, B.U. Serum level of antioxidant vitamins (vitamin A, C and E) in Plasmodium falciparum
malaria infected children in Owerri, Eastern Nigeria. Biokemistri 2009, 21, 53–58. [CrossRef]

36. Johnkennedy, N.; Uche, O.A. The plasma vitamin C and E status in type II diabetes with malaria in Owerri, Nigeria. Pak. J. Nutr.
2012, 11, 62–63. [CrossRef]

37. Kulkarni, A.G.; Suryakar, A.N.; Sardeshmukh, A.S.; Rathi, D.B. Studies on biochemical changes with special reference to oxidant
and antioxidants in malaria patients. Indian J. Clin. Biochem. 2003, 18, 136–149. [CrossRef]

38. Nnodim, J.; Israe, O.K.; Ukamaka, E. Pattern of antioxidant status and lipid peroxidation product in Plasmodium falciparum
patients. IJMPT 2022, 2, 16–22.

39. Onyeneke, E.C.; Ofoha, P.C.; Anyanwu, G.O.; Onovughakpo-Sakpa, E.O.; Anionye, J.C.; Anekwe, A.I. Evaluation of nitric oxide
and antioxidant status of Plasmodium falciparum infected pregnant Nigerian women with malaria. Int. Sci. Res. Organ. J. 2018, 3,
56–68.

40. Onyesom, I.; Ekeanyanwu, R.C.; Achuka, N. Correlation between moderate Plasmodium falciparum malarial parasitaemia and
antioxidant vitamins in serum of infected children in South Eastern Nigeria. Afr. J. Biochem. Res. 2010, 4, 261–264.

41. Prasannachandra; D’Souza, V.; D’Souza, B. Comparative study on lipid peroxidation and antioxidant vitamins E and C in
falciparum and vivax malaria. Indian J. Clin. Biochem. 2006, 21, 103–106. [CrossRef]

42. Thurnham, D.I.; Singkamani, R.; Kaewichit, R.; WongwoRapat, K. Influence of malaria infection on peroxyl-radical trapping
capacity in plasma from rural and urban Thai adults. Br. J. Nutr. 1990, 64, 257–271. [CrossRef]

43. Upadhyay, D.N.; Vyas, R.K.; Sharma, M.L.; Soni, Y.; Rajnee. Comparison in serum profile of peroxidants (MDA) and non
enzymatic anti oxidants (Vitamins E and C) among patients suffering from Plasmodium falciparum and vivax malaria. J. Postgrad.
Med. Inst. 2011, 25, 96–100.

44. Abdullahi, I.N.; Musa, S.; Emeribe, A.U.; Muhammed, M.; Mustapha, J.O.; Shuwa, H.A.; Haruna, S.; Abubakar, S.D.; Billyrose,
O.M.A.; Bakare, M. Immunological and anti-oxidant profiles of malarial children in Abuja, Nigeria. BioMedicine 2021, 11, 41–50.
[CrossRef]

45. Griffiths, M.J.; Ndungu, F.; Baird, K.L.; Muller, D.P.; Marsh, K.; Newton, C.R. Oxidative stress and erythrocyte damage in Kenyan
children with severe Plasmodium falciparum malaria. Br. J. Haematol. 2001, 113, 486–491. [CrossRef] [PubMed]

46. Nwagha, U.I.; Okeke, T.C.; Nwagha, T.U.; Ejezie, F.E.; Ogbodo, S.O.; Dim, C.C.; Anyaehie, B.U. Asymptomatic malaria parasitemia
does not induce additional oxidative stress in pregnant women of South East Nigeria. Asian Pac. J. Trop. Med. 2011, 4, 229–233.
[CrossRef] [PubMed]

47. Stuetz, W.; McGready, R.; Cho, T.; Prapamontol, T.; Biesalski, H.K.; Stepniewska, K.; Nosten, F. Relation of DDT residues to
plasma retinol, alpha-tocopherol, and beta-carotene during pregnancy and malaria infection: A case-control study in Karen
women in northern Thailand. Sci. Total Environ. 2006, 363, 78–86. [CrossRef] [PubMed]

48. Ogbodo, S.O.; Okaka, A.N.C.; Nwagha, U.I.; Chukwurah, E.F. Immune response and parasite virulence in malaria parasitemic
pregnant women may depend on the antioxidant vitamins levels. J. Glob. Health 2016, 7, 78–85.

49. Sun, Y.; Ma, A.; Li, Y.; Han, X.; Wang, Q.; Liang, H. Vitamin E supplementation protects erythrocyte membranes from oxidative
stress in healthy Chinese middle-aged and elderly people. Nutr. Res. 2012, 32, 328–334. [CrossRef]

50. Hassan, G.I.; Gregory, U.; Maryam, H. Serum ascorbic acid concentration in patients with acute falciparum malaria infection:
Possible significance. Braz. J. Infect. Dis. 2004, 8, 378–381. [CrossRef]

51. Herrera, E.; Ortega, H.; Alvino, G.; Giovannini, N.; Amusquivar, E.; Cetin, I. Relationship between plasma fatty acid profile and
antioxidant vitamins during normal pregnancy. Eur. J. Clin. Nutr. 2004, 58, 1231–1238. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1042/cs0870505
https://doi.org/10.1016/0009-9120(94)00071-3
https://doi.org/10.4314/biokem.v21i2.56467
https://doi.org/10.3923/pjn.2012.62.63
https://doi.org/10.1007/BF02867380
https://doi.org/10.1007/BF02912922
https://doi.org/10.1079/BJN19900027
https://doi.org/10.37796/2211-8039.1010
https://doi.org/10.1046/j.1365-2141.2001.02758.x
https://www.ncbi.nlm.nih.gov/pubmed/11380421
https://doi.org/10.1016/S1995-7645(11)60076-X
https://www.ncbi.nlm.nih.gov/pubmed/21771460
https://doi.org/10.1016/j.scitotenv.2005.06.032
https://www.ncbi.nlm.nih.gov/pubmed/16169060
https://doi.org/10.1016/j.nutres.2012.03.012
https://doi.org/10.1590/S1413-86702004000500007
https://doi.org/10.1038/sj.ejcn.1601954

	Introduction 
	Methods 
	Registration, Guidelines for Reporting, and Review Questions 
	Eligibility Criteria 
	Search Strategy 
	Study Selection 
	Data Extraction 
	Quality Assessment 
	Data Synthesis 

	Results 
	Search Results 
	Characteristics and Critical Appraisal of the Studies 
	Vitamin E Levels in Malaria Patients Compared with Those Who Were Not Infected 
	Difference in Vitamin E Levels between Patients with Severe Malaria and Those Experiencing Less Severe Forms of the Disease 
	Difference in Vitamin E Levels among Patients Suffering from either P. falciparum or P. vivax Malaria 
	Sensitivity Analysis 
	Publication Bias 

	Discussion 
	Conclusions 
	References

