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Zinc Supplementation Reduces Common Cold Duration among Healthy Adults: A Systematic
Review of Randomized Controlled Trials with Micronutrients Supplementation
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University Health System, Singapore

Abstract. The commoncold had resulted in significant economic and social burdenworldwide. The effect of vitaminC
onpreventingcommoncold in healthy adults hasbeen investigated extensively, but not that of othermicronutrients. Thus,
we aim to assess the effects of providing micronutrients singly through oral means, on cold incidence, and/or man-
agement (in terms of cold duration and symptom severity) in healthy adults from systematically searched randomized
controlled trials. From four electronic databases, 660 identified studies were screened and data were extracted from 20
studies (zinc, 10; vitamin D, 8; and vitamins A and E, 2). The quality of selected studies was assessed using the Cochrane
risk of bias tool and certainty in the outcomes was assessed with the Grading of Recommendations Assessment,
Development andEvaluationapproach. The review found thatmicronutrients supplementation, except vitaminC,maynot
prevent cold incidence or reduce symptom severity among healthy adults. However, zinc supplementationwas observed
to potentially reduce cold duration by 2.25 days (when zinc is provided singly, 95% CI: −3.39, −1.12). This suggests that
zinc supplementation may reduce the overall burden due to common cold among healthy adults.

INTRODUCTION

The common cold is characterized by acute inflammation of
the nose, sinuses, pharynx, and larynx mainly due to viral in-
fection.1 Cold episodes are usually mild and do not progress
to serious health problems, such as pneumonia or bacterial
infections, or require hospitalization.2 However, the high
morbidity of this illness, accounting for 20% of medical visits
in developed countries, has caused significant socioeco-
nomic burden through adversely affecting daily activity, pro-
ductivity, and attendance from work or school.3–6 Globally,
6,090,503 disability-adjusted life years were lost because of
upper respiratory tract infections (URTIs) in 2016.7

Intake of certain micronutrients enhances the immune
system through strengthening epithelial barriers and cellular
immunity and production of antibodies.8 The positive effects
of micronutrient intake on the immune system suggest their
potential protective role against infections.9–14 In the area of
respiratory infections, vitamin C’s efficacy on cold prevention
hasbeenextensively studied.15–17 The latestmeta-analysis on
vitamin C’s effect on cold found that regular vitamin C sup-
plementation in adults helped decrease cold duration by 8%
(3–12%) and reduced cold severity during episodes.14

Vitamin D is another micronutrient that is more intensively
studied in the area of cold prevention and management.
However, studies presented conflicting observations18–20

until a recent review pooled individual participant data from
primary studies to provide a more definite conclusion on vi-
tamin D’s effect on common cold.21 The review indicated that
vitamin D did not prevent colds in adults, regardless of health
status (adjusted odds ratio [OR]: 0.93; 95%CI: 0.79, 1.10; P =
0.41).21 Although the aforementioned review analyzed data at
the individual participant level, its analysis was not focused on
a healthy adult population, aswith the other available literature
which evaluated micronutrients’ efficacy on the relevant
outcomes but were rarely focused on a healthy adult

population.19,22 The healthy adult population is often over-
looked compared with the diseased and/or vulnerable (chil-
dren and older) populations, wheremicronutrient deficiency is
prevalent and supplementation had been shown to help with
cold prevention and/or management.14,23,24 Although there
are no global statistics on the prevalence of micronutrient
deficiency in seemingly healthy adults, a review on the prev-
alence of micronutrient deficiency in theMiddle East found up
to 51.8%women and 27%men were suffering from vitamin D
deficiency, and up to 27.2% healthy women were anemic.25

Thus, there is a possibility that healthy adultsmay benefit from
micronutrient supplementation, especially if theywere already
deficient. From the public health standpoint, it is also impor-
tant to prevent and/or manage colds in the healthy adult
population, to maintain their good health status and reduce
public health burden. Moreover, the evidence of other
micronutrients supplementation on the management and
protection against colds has also been limited. Thus, there is a
need to systematically assess the existing literature, specifi-
cally randomized controlled trials (RCTs), to better understand
the importance and effects of all micronutrients, except vita-
min C, in fending off and managing colds among healthy
adults, other than in diseased and/or vulnerable populations.
This systematic review aims to assess whether 1) regular oral
supplementation of a micronutrient singly prevents cold in-
cidence or 2) oral provision of a micronutrient singly when
infected with cold decreases its duration or severity among
healthy adults aged between 18 and 65 years. In addition, we
aim to assess the certainty of the evidence collected for each
outcome of interest, when possible, using the Grading of
Recommendations Assessment, Development and Evalua-
tion (GRADE) framework.

MATERIALS AND METHODS

Literature search and study selection. The systematic
search methods were carried out in accordance with the rel-
evant guidelines and regulations in the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
guidelines in this systematic review. For eachmicronutrient of
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interest, a literature search identifying relevant studies pub-
lished in PubMed, Cochrane Library, Embase, and Scopus
wascarried outwithin themonthofAugust 2018using specific
search terms defined with the population, intervention, com-
parator, outcome, study design criteria (Table 1). Specific
search strategies applied to each database are provided in
Supplemental Tables S1 and S2. No restrictions were placed
on year and language, and reference lists of relevant reviews
were also hand-searched to identify additional studies.
For each micronutrient, duplicates were removed by End-

Note andmanually before identified studieswere screened for
relevance using title and abstract. Subsequently, full texts of
potential studies were screened for inclusion into the review.
Studies includedwere1) RCTspublished inEnglish, 2) those that
involved healthy subjects (without chronic conditions/comor-
bidities/nonhospitalized/non–intensive care unit patients) with a
meanagebetween18 and65 yearswhowere not infectedwith a
naturally acquired cold or community-acquired pneumonia be-
fore supplementation trial, 3) those that compared a single
micronutrient that was supplemented or administered singly via
oral methodswith a placebo or no intervention, and 4) those that
reported the incidence,duration,or severityof colds (asaprimary
outcome) or community-acquired pneumonia (as a secondary
outcome) as outcomes of interest.
Themicronutrients of interest in this review includeminerals

(copper, iron, magnesium, selenium, and zinc) and vitamins
(vitamins A, B, D, E, and K). Studies using a combination of > 1
micronutrient as an intervention or administered a micro-
nutrient via non-oral methods were excluded because it does
not address the research question in this review. Although the
common cold usually refers to URTI only, this review defines a
cold episode as any URTIs, acute respiratory infections, and
common cold episodes, regardless whether the illness was
clinically diagnosed, laboratory-confirmed, or self-reported.
Self-reported colds are defined by the presence of at least two
of the symptoms in a day, which are not attributable to allergy.

The symptoms include headache, fever, muscle pain, sneezing,
nasal drainage, nasal obstruction, sore throat, scratchy throat,
cough, hoarseness, malaise, productive sputum, or change in
sputum color and quantity, nausea, and chest congestion.
Data extraction and risk assessment.Key characteristics

and relevant outcome information were extracted from se-
lected studies using a standardized data abstraction sheet
and are summarized in Table 2. The corresponding authors of
included studies were contacted for information or clarifica-
tion when required. When available, the number of cold epi-
sodes, mean duration, and severity of cold episodes were
evaluated as the main outcomes of this review. For studies
reporting both data for self-reported colds and clinically di-
agnosed or laboratory-confirmed colds, only data for clinically
diagnosed or laboratory-confirmed colds were recorded. For
dichotomous outcomes, the number of cold outcomes and cold
episodes in the intervention and placebo groups were collected.
For continuous outcomes, means and SDs in duration and se-
verity of common cold episodes in the intervention and placebo
groups were collected. When these data were not reported or
available after contacting authors, methods outlined in the
Cochrane handbook to calculate SDs from CIs and P-values
were used. When studies reported only median and interquartile
range (IQR), themedianwasused to reflect themeanand the IQR
was divided by 1.35 to obtain the SD.
The risk of bias in included studies was assessed using the

Cochrane risk of bias tool. The certainty of evidence for each
outcome was also assessed using the GRADE approach
(GRADE). The approach examines the trials included for each
outcome on the grounds of 1) study design; 2) risk of bias; 3)
inconsistency, indirectness, and imprecision in outcome
measures; and 4) the presence of publication bias, large effect
magnitude, plausible confounding, and dose-response gra-
dient, to determine the level of confidence in the summary
statistic through discussion between reviewers.
Study selection, data extraction, and risk of bias assessment

were performed in duplicate by the two reviewers (M. X. W. and
S. S. W.). Discrepancies were discussed and resolved by con-
sensus at the end of each procedure with a third reviewer (J. P.).
Statistical analysis. To use the GRADE approach for

assessing certainty in outcomes, summary statistics, hetero-
geneity assessment, and publication bias analysis were con-
ducted for each outcome despite the small number of studies.
For thenumberofcoldoutcomes in the interventionandplacebo
groups, the risk ratio (RR) with 95% CI was calculated for each
study. For cold duration, mean differences in cold duration be-
tween the intervention and placebo groupswere pooled using a
random effects model, and the result was reported as weighted
mean difference and 95%CIs. The I2 statistic and Cochran’s Q
test was used to evaluate statistical heterogeneity, where het-
erogeneity was characterized as minimal (< 25%), low
(25–50%), moderate (50–75%), or high (> 75%) and was sig-
nificant if P-value < 0.05. When more than two studies reported
the same outcome, publication bias for the outcome was
assessed with contoured funnel plots. All statistical tests were
two-sided and performed using Review Manager 5.3 and
STATA (version 13.0; StataCorp, College Station, TX).

RESULTS

Screening results. After the removal of duplicates within
each micronutrient, the titles and abstracts of 660 unique

TABLE 1
Description of PICOS criteria for a systematic review assessing the
effects of micronutrients supplementation or administration on the
prevention and management of common cold and pneumonia

Variable Description

Population Prevention: healthy individuals agedbetween
18 and 65 years

Management: individuals aged between 18
and 65 years, infected with common cold
or pneumonia

Oral administration or supplementation of a
singular micronutrient.

Intervention Micronutrients of interest: minerals (copper,
iron, magnesium, selenium, and zinc) and
vitamins (vitamins A, B, D, E, and K)

Comparator Control groups without any micronutrient
administration or supplementation

Outcome Incidence, duration, or severity of common
cold (primary outcome) or community-
acquired pneumonia (secondary outcome)

Study design Randomized controlled trials
Research question Does 1) regular oral supplementation of a

micronutrient singly prevent cold incidence
or 2) oral provision of amicronutrient singly
when infected decreases cold duration or
severity among healthy individuals aged
between 18 and 65 years?

PICOS = population, intervention, comparator, outcome, study design.
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studies identified through our literature searchwere screened,
and full texts of 56 potential studies were further assessed for
eligibility. As eachmicronutrient was screened independently,
duplicate records across micronutrients were not removed.
Thus, two studies were excluded at the final screening stage
as the selected studies for vitamins A and Ewere duplicates of
each other. Eventually, 20 studies were selected for inclusion
into our review, where zinc (10 studies), vitamins A and E (two
studies), and vitamin D (eight studies) ere each assessed for
their effects on cold prevention and/or management. Other
reasons for exclusion at all stages of screening are detailed in
Figure 1, and no relevant studies were selected for copper,
iron, magnesium, selenium, and vitamins B and K.
Characteristics of included studies. The key character-

istics of studies included in this review are presented in
Table 2. Across the 22 studies included, there were 49,189
subjects with mean age ranging from 18.5 years old to 60.7
years old, and 45,939 subjects (93.4%) were attributed to the
four studies supplementing vitamin A and vitamin E, whereas
3,250 subjects (6.6%) were attributed to the 18 studies using
vitamin D or zinc as an intervention. All studies used parallel
designs and were conducted in non-Asian countries (Finland,
the Netherlands, Canada, United States, New Zealand, Aus-
tralia, and Denmark), except for one study conducted in
Japan.26

Intervention durations, dosage, and dosing frequency var-
ied widely between different micronutrients. For vitamins A
and E, 20mg of water-soluble β-carotene beadlets and 50mg
dl-α-tocopherol acetate was, respectively, supplemented for
6.1 years. For vitamin D, eight studies supplemented vitamin
D3 between 2 months and 18 months. Vitamin D3 capsules
were provided in doses ranging from 100 IU daily to 20,000 IU
weekly and 100,000 IUmonthly. For zinc, 10 studies provided
zinc lozenges or capsules with 5mg to 42.9mg of zinc, mainly
as zinc gluconate or zinc acetate, between 3 and 100 days or

until symptom resolution for cold management, and 7months
for cold prevention.
It is interesting to note that main outcomes reported by

studies using vitamins A and E as interventions were cold or
pneumonia prevention, whereas studies using zinc as an in-
tervention mainly focused on reporting cold management as
an outcome and studies using vitamin D as an intervention
reported both as outcomes.
Risk of bias assessment. The risk of bias in individual

studies are presented in Table 3. Most zinc studies provided
inadequate details on random sequence generation and
allocation concealment methods. Across all studies, there
was a high risk of other bias mainly due to underpowered
studies26,31,32,44 or the lack of clinical or laboratory confir-
mation for cold resolution.26,27,32,34,36,40,43,45 Although these
factors also exist in other studies, more details are required to
assess the overall risk of other bias, such as detection and recall
biases, in these studies.29,35,45 For the outcomes of cold in-
cidence and duration, the risk of bias is summarized in the
GRADE evidence profile (Supplemental Table S3).
Effects on cold prevention. All micronutrients: Overall, 10

studies (1 of vitamins A and E, 8 of vitamin D, and 1 of zinc)
reported the effects of micronutrient supplementation on cold
prevention as anoutcome.However, a study did not report the
cold episodes occurring in the intervention and placebo
groups.27 Thus, only data from nine studies26,29–35,44 were
pooled toobtain an estimated summary risk (Figure 2).Overall,
there were 1,348 first episodes of colds across nine studies.
Compared with placebo, a 4%drop in the risk of experiencing
a cold was observed when either vitamin D or zinc was sup-
plemented (RR: 0.96), but the risk reduction was not statisti-
cally significant (95% CI: 0.90, 1.01). Across studies,
heterogeneity was not significant (I2 = 0%, P > 0.05), but
publication bias was strongly suspected as funnel asymmetry
was observed in the areas with low- and mid-statistical

FIGURE 1. PRISMA flow diagram for study selection.
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significance in the contoured funnel plot (Supplemental Figure
S1). Furthermore, serious design limitations and serious impre-
cision existed for studies reporting this outcome. Hence, the
certainty of evidence for cold prevention through micronutrient
supplementation was considered very low (Supplemental
Table S3).
Zinc: Only one study assessed the effects of zinc supple-

mentation on cold prevention.44 The study was carried out
among U.S. military cadets and concluded that orally sup-
plementing 15 mg zinc gluconate daily for 7 months did not
have any significant effect on cold prevention in an individual
(RR: 1.06, 95%CI: 0.34, 3.34). However, the studydid find that
cold incidence frequency, reported through a weekly survey,
was 11% less frequent in the zinc group than in the placebo
group (zinc group: 56.7%, 135 self-reported cold episodes of
238 survey entries; placebo group: 67.9%, 163 self-reported
cold episodes of 240 survey entries).
Vitamin D: Supplementation of vitamin D3 in eight

studies26,29–35 showed a nonsignificant reduction in cold in-
cidence risk by 5% in the vitamin D group compared with the
placebo group (RR: 0.95, 95% CI: 0.90, 1.01) (Figure 2). In
addition, minimal but nonsignificant heterogeneity was ob-
served across the eight studies (I2 = 13%, P = 0.33) and the
certainty of evidence for cold prevention through vitamin D
supplementation was very low, for the same reasons as the
certainty of evidence for all micronutrients preventing cold
(Supplemental Table S3).
There were four studies reporting cold frequency among

subjects.26,32,33,35 In these four studies, the mean frequency

of colds was higher in the placebo group than in the vitamin D
group (placebo group: 2.24 colds/subject, 755 cold episodes
reported among 337 subjects; vitamin D group: 2.03 colds/
subject, 720 cold episodes reported among 354 subjects).
Vitamins A and E: The study supplementing vitamins A and

E to its subjects concluded that supplementation hadnoeffect
on cold prevention (vitamin A, RR: 1.00, 95% CI: 0.99, 1.02;
vitamin E, RR: 1.00, 95%CI: 0.98, 1.01).27 However, the yearly
cold frequency was lower when vitamin E was supplemented,
relative to the placebo group (vitamin E group: 0.856 colds/
year; placebo group: 0.858 colds/year). By contrast, the vita-
min A–supplemented group reported a relatively higher fre-
quency of colds than the placebo group (vitamin A group:
0.847 colds/year; placebo group: 0.844 colds/year).
Effects on pneumonia prevention. Vitamins A and E:Only

one study reported the effects of micronutrient supplemen-
tation on pneumonia prevention.28 The study found a 2%
decrease and 3% increase in risk for pneumonia incidence
when 20 mg vitamin A or 50 mg vitamin E were, respectively,
supplemented for 6.1 years (median). However, none of the
changes in pneumonia risk were statistically significant (vita-
min A, RR: 0.98, 95%CI: 0.84, 1.13; vitamin E, RR: 1.03, 95%
CI: 0.89, 1.19). Supplementation of vitamin A observed a
higher frequency of pneumonia episodes in the placebo group
than in the vitamin A group (placebo group: 358 cases, in-
cidence rate: 4.7 cases/1,000 person-years; vitamin A group:
347 cases, incidence rate: 4.6 cases/1,000 person-years).
However, when vitamin E was supplemented, a relatively
higher pneumonia frequency was observed in the vitamin E

FIGURE 2. Forest plot of comparison of micronutrients versus placebo on acquiring colds. A study was excluded from the analysis as required
data were not reported.25 Grading of Recommendations Assessment, Development and Evaluation quality of evidence: all micronutrients and
vitamin D—very low. This figure appears in color at www.ajtmh.org.
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group than in the placebo group (vitamin E group: 358 cases,
incidence rate: 4.7 cases/1,000 person-years; placebo group:
347 cases, incidence rate: 4.6 cases/1,000 person-years).
Effect on cold duration. All micronutrients: A total of 15

studies (six of vitamin D and nine of zinc) reported cold dura-
tion as an outcome, but only 11 studies could be pooled to
obtain an estimated mean difference in cold duration. The
pooled summary estimate of 11 studies26,30,32,34–36,38–42

showed a significant reduction in cold duration by 1.36 days
(95% CI: −2.43, −0.29) when micronutrients, specifically vi-
tamin D or zinc, was administered on cold infection (Figure 3).
However, between-study variability was significantly high (I2 =
91%, P < 0.00001). As a result of high heterogeneity and se-
rious design limitations of studies reporting this outcome, the
certainty of evidence for allmicronutrients on reduction of cold
duration is low. Results from four studies could not be pooled
as cold duration was reported in terms of percentage of sub-
jects symptomatic after 1 or 7 days,37 medians without the
IQR,33,43 or survival curves,45 rather than the mean number of
days ill with cold.
Zinc: Based on pooled results from the 6 studies,36,38–42

cold duration was estimated to be reduced by 2.25 days (95%
CI: −3.39, −1.12) when zinc lozenges used to manage cold,
compared with a placebo (Figure 3). In addition to serious
inconsistency observed (I2 = 83%, P < 0.00001), there was a
serious risk of bias due to design limitations of pooled studies.
Thus, the GRADE certainty of evidence for zinc on this out-
come is low.
In the studies where results could not be pooled, mixed

results were observed. Eby et al.37 indicated that zinc ad-
ministration reduced cold duration, after observing that 22%
of subjects in the zinc group recovered within 24 hours of
administering zinc gluconate lozenges, whereas none of the
subjects in the placebo group recovered (P = 0.008). Eby
et al.37 also observed that the estimated average cold duration

was 3.9 days for the zinc group and 10.8 days for the placebo
group, based on the average duration of an exponential decay
curve. However, results from Turner et al.43 and Weismann45

indicated no significant differences in cold duration when zinc
was administered to manage cold. Turner et al.43 did not ob-
serve significant differences in median cold durations be-
tween the zinc and placebo groups, regardless of zinc
formulations used (median cold duration for zinc gluconate:
6.0 days, 5 mg zinc acetate: 6.0 days, 11.5 mg zinc acetate:
5.5 days, and placebo: 5.5 days). Likewise, Weismann et al.45

reported no significant difference in survival curves between
the zinc and placebo groups in the first 5 days of illness, but
observed a relatively lower probability of having the illness in
the placebo group from the sixth day onwards.
Vitamin D: The pooled mean difference using results from

five studies26,30,32,34,35 suggested an estimated decrease in
cold duration by 0.14 days. However, the reduction in cold
duration did not reach statistical significance (95% CI: −0.48,
0.20), and heterogeneity was not significant between pooled
studies (I2=0%,P>0.05) (Figure 3).However, imprecision and
serious risk of bias were detected in pooled studies. Thus, the
GRADE certainty of evidence for vitamin D administration for
reduction of cold duration is very low.
The study by Murdoch et al.,33 which was not pooled with

the other studies as the IQR was not provided, reported no
significant difference in median cold duration between the
vitamin D and placebo group (12 days in both groups; RR:
0.96, 95% CI: 0.73, 1.25, P = 0.76).
Effect on cold severity. All micronutrients: Effects of micro-

nutrient administration on managing cold severity are summa-
rized in Table 4. A total of 14 studies (five of vitamin D and nine
of zinc) measured and reported cold severity as an
outcome.26,30,32,33,35–43,45 A variety of severity scales, ranging
from visual analogue scales to point scales with varying point
systems, were used to measure the severity of cold symptoms.

FIGURE 3. Forest plot of comparisonofmicronutrients versusplacebooncoldduration. Four studieswereexcluded from theanalysisas themean
number of days ill was not used as the measure for cold duration. These studies expressed the cold duration in terms of percentage of subjects
symptomatic after 1 or 7 days,35 median number of days ill (without reporting the interquartile range),31,41 or survival curves.43 Grading of
Recommendations Assessment, Development and Evaluation quality of evidence: all micronutrients, vitamin D, and zinc—low. This figure appears
in color at www.ajtmh.org.
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Symptoms that were commonly assessed include sneezing,
nasal drainage, nasal congestion, headache, sore throat, scrat-
chy throat, cough, hoarseness,muscle ache, and fever.Myalgia,
chest congestion, and head congestion were occasionally
assessed.26,30,33,40 A few studies did not specifically specify the
symptoms evaluated when assessing cold severity.32,35,36,45

Across the 14 studies, severity scores were summed differently
but weremostly presented either as themean severity score per
cold episode or as the mean severity score per day while ill,

except inonestudywhere itwasunclear that thepresentedmean
severity score was that for a cold episode or a day while ill.32

Zinc: All studies which provided zinc lozenges or tablets to
manage cold severity assessed cold severity with a 4-point
scale, with the exception of one study which used a visual
analogue scale.45 Seven studies presented cold severity as
themean score per daywhile ill,38–43,45 whereas the remaining
two studies presented severity as the mean score per
episode.36,37 Comparedwith the placebo group, cold severity

TABLE 4
Key findings on managing cold severity with micronutrients`

Study (author, year) Severity scale used Key findings*

Vitamin D
Goodall, 2014 WURSS-21† Mean severity score per episode is 48.2 ± 27.92 points higher in the

vitamin D group than in the placebo group (P = 0.09).
Li-Ng, 2009 5-point scale (1 = healthy, 5 = “very ill” ) Mean severity score is 0.2 ± 0.24 points lower in the vitamin D group

than in the placebo group (P = 0.4).
Murdoch, 2012 WURSS-24‡ and WURSS-21 Mean severity score per episode is lower in vitamin D the group (162 ±

1,142.2) than in the placebo group (167.5 ± 147.4) (P = 0.48).
Shimizu, 2018 WURSS-21 Mean severity score per day while ill is 4.5 ± 3.13 points lower in the

vitamin D group than in the placebo group (P = 0.154).
Simpson, 2016 6-point scale (0–5, where 0 is no presence

of that symptom and 5 is most severe)
Mean severity score per episode is 2.87 ± 11.38 points lower in the
vitamin D group than in the placebo group (P = 0.4).

Zinc
Douglas, 1987 4-point scale§ Mean severity score per episode is 1.9 ± 2.80 points higher in the zinc

group than in the placebo group.
Eby, 1984 4-point scale§k Average total severity scores dropped significantly faster in the zinc

group than in the placebo group (half-lives of exponential decay
curves 1.9 ± 0.3 for the zinc group vs. 4.5 ± 1.0 for the placebo
group). However, initial severity was significantly lower in the zinc
group.

Frequency and severity scorewas consistently lower for all symptoms
in the zinc group than in the placebo group, after 7 days of zinc
administration.

Godfrey, 1992 4-point scale§k By day 7 of zinc administration:
Symptoms left: threemild symptoms (symptom severity score of 1 for
each symptom) in one subject in the zinc group, compared with an
averageof 2.4moderate symptoms (averageseverity scoreof 2.6) in
eight subjects in the placebo group.

Nasal drainage incidence: 5% in the zinc group vs. 33% in the placebo
group.

Nasal congestion: 0% in the zinc group vs. 31% in the placebo group.
Mossad, 1996 4-point scale§k Zinc group had significantly fewer days with any symptoms than the

placebo group.
Petrus, 1998 4-point scale§k{ Mean severity score per day while ill is 0.09 ± 0.06 points lower in the

vitamin D group than in the placebo group.
Prasad, 2000 4-point scale§k Severity scores were significantly different between the zinc and

placebo groups after 10 days of zinc administration (P = 0.0002).
Average severity scores decreased from8.32 (baseline) to 3.45 (day 4)
in the zinc group and from 7.78 (baseline) to 5.61 (day 4) in the
placebo group.

Prasad, 2008 4-point scale§k Severity scores were significantly different between the zinc and
placebo groups after 12 days of zinc administration (P = 0.0002).

Average severity scores decreased from 10.8 (baseline) to 2.7 (day 4)
in the zinc group and from 8.9 (baseline) to 5.4 (day 4) in the placebo
group.

Turner, 2000 4-point scale§k No significant differences between zinc and placebo groups for the
total symptomscoreor severity of any individual symptomsover the
first 3 days of zinc administration or on any of the individual days,
regardless of zinc formulations provided.

Weismann, 1990 Visual analogue scale (11 cm horizontal
line) for overall condition

No significant difference in severity in both groups, even on days with
largest severity difference between the zinc and placebo groups.

No significant differences in cold severity compared with prior
episodes, in both the zinc and placebo groups (P = 0.64)

* Scores are presented as mean score ± SEM.
†Wisconsin Upper Respiratory Symptom Survey-21 (WURSS-21) consists of 21 questions rated on a 0–7 Likert scale. Symptoms rated for physical severity include runny nose, plugged nose,

sneezing, sore throat, scratchy throat, cough, hoarseness, head congestion, chest congestion, and feeling tired.
‡Wisconsin Upper Respiratory Symptom Survey-24 (WURSS-24) consists of 24 questions rated on a 0.7 Likert scale. Symptoms rated for physical severity include headache, body ache, and

fever and the other symptoms rated in WURSS-21.
§ 4-point scale: 0 = none; 1 = mild; 2 = moderate; and 3 = severe.
kSymptoms include sneezing, nasal drainage, nasal congestion, headache, sore throat, scratchy throat, cough, hoarseness, muscle ache, and fever.
{Additional symptom: myalgia.
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was mostly lower in the zinc group, except for three studies
which either reported more severe symptoms in the zinc
group36 or no significant difference in cold severity between
the zinc and placebo groups43,45 (Table 3).
Vitamin D: Three of the five studies which reported sub-

jective symptom severity used the Wisconsin Upper Re-
spiratory Symptom Survey-21 (WURSS-21)26,30,33 to
measure cold severity, whereas the remaining two studies
used5-or 6-point systems for this purpose.32,35Meanseverity
score was generally lower in the vitamin D group than in the
placebo, regardless of whether the severity score was that for
a single cold episode or single day while ill. Only one study
reported a mean severity score that is higher by 48.2 ± 27.92
points in the vitamin D group, than in the placebo group.30

However, the statistical significance of the difference in mean
severity scores between the vitamin D group and placebo
groups were nonsignificant in all studies.

DISCUSSION

Overall, micronutrients show promise in shortening cold
duration, but may not be as effective in preventing colds in a
healthy adult population. The efficacy of micronutrients in
managing cold severity remains inconclusive, and further
analysis with standardized scales and measures are required
because current evidence present differential effects. Al-
though effort was made to identify all possible micronutrients
supplementation and their potential effects on prevention and
management of cold, no relevant studies on the effects of
copper, iron, magnesium, selenium, and vitamins B and K
were identified. This result, and the low number of selected
studies in our review, highlights the paucity of studies focused
on micronutrient supplementation for purposes of cold pre-
vention and/or management among the healthy adult pop-
ulation. The lack of studies also stresses on the need for more
research focusing on these micronutrients to prevent and/or
manage colds in a healthy adult population, instead of the
diseased, children, or elderly patients. Thus, it is important to
emphasize that the aforementioned effects on cold and
pneumonia prevention only represents that of zinc and vita-
mins A, E, and D, whereas those on cold management only
represents that of zinc and vitamin D.
Prevention of cold and pneumonia. Although non-

significant reductions in cold incidence were consistently
observed across all micronutrients, the effects mainly reflec-
ted those of vitamin D as most data for Figure 2 came from
studies providing vitamin D (99.4%) for cold prevention pur-
poses. It was also observed that zinc or vitamin D supple-
mentation reduced the recurrence of colds in an individual, as
seen from the relatively lower cold frequencies in the micro-
nutrients groups, compared with the placebo groups. The
studies included inFigure 2generally hada low riskof biases in
the prespecified bias domains. However, the risk of other
biases was high or unclear in all but two studies30,33 because
of suspected detection and recall biases.
Vitamin D. The nonsignificant reduction in cold incidence

risk observed in this review (RR: 0.95, 95% CI: 0.90, 1.01)
agrees with those from recent meta-analyses, although the
meta-analyses used data from subjects across all ages and
health statuses (OR: 0.93, 95% CI: 0.79, 1.1021; RR: 0.94,
95% CI: 0.88, 1.0019). Although factors potentially affecting
cold incidence risk were not explored in this review, existing

meta-analyses gave contrasting evidence about the effects
of age on cold incidence probability (Pinteraction = 0.05,21

Pinteraction = 0.8420) and consistently suggested that differing
health status may not affect cold incidence among adult
subjects (Pinteraction = 0.38,21 Pinteraction = 0.2420). Instead, the
subjects’ vitamin D status (Pinteraction = 0.01 21) and dosing
regimen (Pinteraction = 0.05,21Pinteraction = 0.0120)were likely risk
factors affecting cold incidence likelihood. Significant reduc-
tions in cold incidence odds were observed when supple-
mented subjects were vitamin D deficient (OR: 0.58, 95% CI:
0.40, 0.8221) or when daily doses were provided (OR: 0.81,
95% CI: 0.72, 0.9121; OR: 0.51, 95% CI: 0.39, 0.6720), com-
pared with when subjects were not deficient (OR: 0.81, 95%
CI: 0.71, 1.0421) or provided with bolus doses (OR: 0.97, 95%
CI: 0.862, 1.1021; OR: 0.86, 95% CI: 0.62, 1.2020). Unlike the
previous meta-analyses, there was low heterogeneity be-
tween studies included in the forest plot (Figure 2). This could
be attributed to the fact that all but two studies used a daily
dosing schedule, thus resulting in consistent effects across
the analyzed studies.30,33

Zinc. In general, zinc supplementation was shown to pre-
vent up to 53% of common cold episodes when supple-
mented to healthy children younger than 10 years (RR: 0.64,
95%CI: 0.47, 0.88).46 However, such efficacy is not observed
in healthy adults, even when a higher dosage was provided
(RR: 1.06, 95% CI: 0.34, 3.34).44 The discrepancy could be
because of the relatively more robust immune systems of
adults, compared with children, when both are free of chronic
comorbidities.47 Thus, zinc supplementation in children helps
to develop and regulate their immune systems, hence effec-
tively preventing cold episodes in this population. Similar to
vitamin D, the efficacy of zinc supplementation on cold pre-
vention could also be influenced by an individual’s zinc sta-
tus.18 Zinc deficiency has been associated with a suppressed
immune system, and the protective effects of zinc against
colds have been evidenced in autoimmune subjects of all
ages, of which 70% were zinc deficient.48 Thus, the lack of
effect observed in Veverka et al.44 could be due to adequate
zinc levels in the healthy adult subjects used in the study.
Nonetheless, it remains unclear whether zinc levels in the
seemingly healthy subjects recruited in the study by Veverka
et al.44 were truly sufficient because of the lower population-
specific zinc deficiency cutoff levels. Although Veverka et al.44

measured subjects’ zinc levels, zinc deficiency cutoff levels in
the study population was not assessed and reported
according to guidelines released jointly by the WHO, the
United Nations Children’s Fund, the International Atomic En-
ergy Agency, and the International Zinc Nutrition Consultative
Group. According to the guidelines released, the lower cutoff
level for zinc deficiency differs according to the age, gender,
and time of the day the readingwas taken for each population,
and the cutoff value that can be applied universally to all adult
humans does not exist.49 Thus, the possibility that zinc sup-
plementation hasnoeffect on cold effect in healthy adults (that
are zinc deficient) still remains.
Vitamins A and E. The studies supplementing vitamins A

and E were not shown to prevent the incidence of cold or
pneumonia in this review.27,28 The authors of the studies
demonstrated that the effects of supplementation with vita-
mins A or E on cold prevention is dependent on the age group,
smoking habits, and living in the city or not for healthy smoking
adults aged between 50 and 65 years. Smoking habits
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included the number of cigarettes smoked daily (light, 5–14
cigarettes; heavy, ³ 15 cigarettes), and the age the adult
started smoking. Light smokers who started smoking early
(£ 20 years old) had increased cold incidence when supple-
mented with vitamin A.50 By contrast, the effects of vitamin E
supplementation generally decreased cold incidence in heavy
smokers aged between 61 and 63 years, who are not living in
the city.51 When vitamins A and E are provided together, their
effect on cold incidence could be affected by the physical
activity level at work in subjects with physically intensive jobs
(defined as jobs with heavy physical work requiring much
lifting or carrying heavy objects, digging, shoveling, or chop-
ping wood) (Pinteraction = 0.037).52 By contrast, supplementa-
tion of vitamin A singly or in combination with vitamin E in
subjects who does heavy exercise for leisure, respectively,
increases their cold incidence risk by 25% and 21%, com-
pared with subjects in the placebo group.52 In addition, there
wasno significant difference in cold incidence risk for subjects
across all levels of physical activity, either for work or leisure
when supplementation status was disregarded.52

The effects of vitamin A supplementation on pneumonia
incidence were also affected by the smoking habits of sub-
jects. In heavy smokers (³ 21 cigarettes daily, median: 30
cigarettes daily) who started smoking late (³ 21 years old),
vitamin A supplementation may increase pneumonia risk by
400%.53 Similarly, the effects of vitamin E supplementation on
pneumonia risk were significantly modified by the smoking
and exercise habits in subjects. Although both smoking and
exercise habits affect the protective effect of vitamin E on
pneumonia incidence, the latter seemed to have a stronger
influence over the overall efficacy. Vitamin E supplementation
to light smokers (5–19 cigarettes daily) who started smoking
late decreased pneumonia risk by 69% when the subjects
exercised leisurely. However, risk only decreased non-
significantly in light smokers who did not exercise or heavy
smokers (³ 20 cigarettes daily) who exercised leisurely.54

Comparatively, vitamin E supplementation can prevent
pneumonia incidence by an additional 3% in nonsmoking
subjects.55 Collectively, these studies show that the effects of
vitamin A andEon commoncold or pneumonia incidence vary
widely, but aremainly influencedby the smoking status ofmen
aged between 50 and 69 years, and in some cases affected by
the exercise habits and the age the subjects started smoking.
Management of cold. Generally, the provision of micro-

nutrients when infected with cold are shown to decrease cold
duration (weighted mean difference [WMD]: −1.36 days, 95% CI:
−2.43, −0.29). However, this effect was not consistently observed
across studies (I2 = 91%, P < 0.00001), especially when zinc was
provided (I2 = 83%, P < 0.00001). Nevertheless, a significant re-
duction of up to 3.39 dayswas observedwhen zincwas provided
singly during a cold (WMD: −2.25 days, 95%CI: −3.39, −1.12).
The decreased cold duration and inconsistent results

among healthy adults observed in this review is similar to that
reported in latest meta-analyses by Johnstone et al.22 and
Singh et al.,46 which assessed the effects of zinc on cold du-
ration and severity in adults. Although the heterogeneity
among included studies were high in this review and in those
two reviews (I2 = 82%, P-value unreported; I2 = 90%, P <
0.0000146), the extent of cold duration reduction observed in
this review was more similar to that reported by Johnstone
et al.22 (WMD: −2.63 days, 95% CI: −3.69, −1.58). Compara-
tively, a relatively smaller reduction was reported by Singh

et al.46 (MD: −1.97 days, 95% CI: −3.09, −0.85). Nonetheless,
two of the three studies not included in the forest plot pre-
sented differential results.43,45 Compared with the other
studies which did not limit the daily number of lozenges con-
sumed, or had a daily limit of 12 lozenges,37 these two studies
had a relatively lower limit on the number of zinc lozenges
consumed daily (daily limit: 6 and 10 lozenges). The amount of
zinc consumed could have caused the lack of effect observed
in these two studies. The maximum daily amount of zinc glu-
conate, respectively, consumed by subjects in Weismann
et al.45 and Turner et al.43 is 313mgand 79.8mg, whereas that
of subjects in Eby et al.37 is only 276 mg. However, a positive
effect agreeing with the summary statistic in Figure 2was only
observed inEby et al.37 It hasbeenshown that at plasma levels
above 50 μM, zinc acts as an immunosuppressant and alters
normal immune function.56 Thus, it is plausible that the zinc
dosages provided in Weismann et al.45 was so high that zinc
levels exceeded the threshold suppressed immune re-
sponses, whereas that provided by Turner et al.43 was in-
sufficient to stimulate immune responses. It was also noted
that providing zinc lozenges within 24 hours after symptom
onset was more effective in cold management than providing
zinc lozenges after 24 hours.57 Godfrey et al.38 showed that
colddurationwas1.42days shorter in patientswith symptoms
for < 24 hours than those with symptom onset for < 48 hours,
before both groups of patients were provided with zinc loz-
enges (P = 0.035). Another factor that could have resulted in
differential effects was the different zinc formulations used,
which results in different levels of ionic zinc available in vivo.
In vivo, the zinc acetate formulations were less effective at
generating zinc ions which had a direct antiviral effect on
common cold viruses, compared with zinc gluconate
formulations.22,58Moreover, the antiviral properties of zinc are
virus-specific, and hence, the virus involved in the cold epi-
sode also influences the therapeutic efficacy of the zinc loz-
enge in managing cold durations.22,59 Collectively, these
factors could have contributed to the varied results observed
in the studies included in this review.
In the studies included in this review, a variety of scaleswere

used to measure symptom severity during a cold episode. In
addition, the recorded raw severity scores were also pro-
cessed differently before they were presented as a mean
score per episode or per day while ill. In this review, we did not
standardize the severity scales and scores because of the
problems associated with standardization, such as a skewed
proportion of absolute distances between response options in
the various scales,60 and thedifferentways the severity scores
were calculated in the different studies. Thus, we were unable
to assess the certainty of findings using the GRADE approach
for this outcome as a representative summary statistic cannot
be estimated. Although validated instruments such as the
WURSS-21 is available with a recommended approach to
process the recorded scores, it is not commonly used, and
there are still various ways of processing the recorded
scores.61 Therefore, this highlights the need for a well-
developed, standardized, and validated scale along with a
standard approach of processing the severity scores to as-
sess symptom severity in future studies. Nevertheless, quali-
tative evidence from the included studies administering
vitamin D as to manage cold all indicated nonsignificant dif-
ferences between groups, whereas studies administering zinc
suggested differential effects. Similar differential effects were
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also observed in studies excluded from pooling (to generate a
mean difference) in the latest Cochrane systematic review on
this topic.46 Interestingly, all but one study43 conducted in the
United States suggested that zinc administration helped re-
ducecold severity. Bycontrast, studies conducted inAustralia
and Europe indicated no significant reduction in severity, or
even increased cold severity with zinc administration.36,45

Similar to our findings on the impact of zinc administration
on cold severity, there still seems to be no consensus on this
topic despite efforts to reach a conclusion. The two most re-
cent meta-analyses which standardized and pooled severity
scores across their selected studies reported contrasting
findings between placebo and zinc-administered groups from
pooled studies. Johnstone et al.22 reported significantly less
severe symptoms in the zinc-administered group (standard-
ized MD: −0.64, 95% CI: −1.05, −0.24), but Singh et al.46 re-
ported no difference in severity scores between these two
groups (MD: −1.06, 95% CI: −2.36, 0.23). This discrepancy is
not expected as both meta-analyses used similar statistical
methods to process the data from their selected studies and
included the same studies in their pooling, with the exception
of an additional study40 in Singh et al.,46 to generate a mean
difference. Hence, the conflicting observation could possibly
be attributed to that additional study included (as it has a rel-
atively high weight (26.9%) in the overall mean difference
generated) or the problems associated with standardization,
as mentioned in the previous paragraph.
However, certain issues need to be addressed before

making a decision on whether to provide thesemicronutrients
supplementation as a long-term approach to effectively pre-
vent and/ormanage cold among healthy adults. The first issue
is the safety of supplementing these micronutrients. Second,
more standardized RCTs on the effects of micronutrients in
healthy Asian populations are still needed to fully understand
the collective and individual effects of micronutrients on cold
prevention and management. Third, a standardized in-
strument and approach to measure symptom severity should
be established for usage in future studies, to allow for the
objective assessment of micronutrients’ effect on symptom
severity.
Limitations. The huge limitation of this review is the low

external validity of the results, in terms of the type of micro-
nutrients studied, the form of micronutrients used in the trials,
and the limited populations involved in the trials. Because of
the lack of studies investigating the effects of providing
micronutrients singly to prevent or manage cold in a healthy
adult population, there was a low number of studies included
in this review. This is especially so for copper, iron, magne-
sium, selenium, and vitamins B and K, whereby no studies
were identified to be investigating the outcomes of interest
with these micronutrients. Thus, the findings of this review
only extend to zinc and vitamins A, D, and E for their corre-
sponding outcomes. External validity was also limited to the
effects of single micronutrients on cold prevention and man-
agement andmaynot reflect thoseofmultivitamins containing
a combination of micronutrients, although the latter is readily
available for the general public. Maggini et al.62 demonstrated
that cold duration and symptom severity was significantly
reduced when patients with common cold were provided with
a combination of 1,000 mg vitamin C and 10 mg zinc together
for 5 days (day 4: Pduration = 0.01, Pseverity = 0.04). This finding
by Maggini et al.8,62 highlights that plausible interactions

occurring between certain micronutrients when used in tan-
dem may potentially have synergistic, or even antagonistic,
effects on cold management.63 Thus, significantly different
effects on guarding against and treating cold may be ob-
served when a combination of micronutrients are provided,
compared with when they were provided alone. In addition,
our review does not account for the effects of micronutrients
provided via non-oral means, such as through topical creams,
nasal gels, or intravenously, some of which presented positive
effects on the outcomes of interest in this review.57,64 Our
selected studies were all conducted in Western temperate
countries except for one study in Japan; hence, our results
maynot extend topopulations living in tropical countriesor the
Asian population. In temperate countries, colds and flu epi-
sodes generally occur during thewinter, whereas colds and flu
episodes usually occur throughout the year in tropical coun-
tries.65 Therefore, if the same study is conducted in June in the
temperate countries and in tropical countries, the chance of
colds would be higher in tropical countries than in temperate
countries. This could lead to potential confounding effects on
the risk effects.65 Indeed, to the best of our knowledge, there
was no study investigating the association between micro-
nutrient deficiency and cold incidence and/or management in
healthy adults living in the tropics. Furthermore, all but one26 of
our selected studies were conducted with Caucasian pop-
ulation. Given the different host genetic makeup between
Caucasian andAsian populations, our review findingsmaynot
be generalized to healthy Asian population. In addition, the
relatively homogeneous diet in Western population is signifi-
cantly different than those in Asian population, which tend to
consume phytates in higher amounts, therefore influencing
zinc absorption.66–68 Thus, our results may only be general-
izable to healthy Caucasians living in temperate countries.
Another significant limitation is that most cold episodes

were self-reported26,27,29,31–34,40,41,45 and confirmation of
cold resolution by healthcare professionals was lacking in all
but five studies.39–42,45 Self-reported colds and cold resolu-
tion were detected by a change in symptom score in the tools
measuring symptom severity. Studies attempted to decrease
the risk of detection bias in their self-reporting methods by
using validated tools such as the WURSS-2161. However,
these tools are still liable to selective or inaccurate reportingby
subjects. Thus, detection bias is likely to exist in most studies,
although we attempted to minimize this bias by extracting
data from clinically diagnosed or laboratory-confirmed epi-
sodes when available.
Last, there was very low certainty in the results obtained

for the efficacy of micronutrient supplementation for cold
prevention, and low certainty for the results obtained for the
effectiveness of micronutrient administration for cold man-
agement was due to the lack of bio-accessibility and bio-
availability evidence of the micronutrient assessed in RCT.48

In addition, we acknowledge that the small number of studies
included in our review may cause inaccurate detection of
publication bias in our outcomes of interest. This is especially
so when we assessed the outcomes for publication bias by
micronutrient singly. At best, we included 11 (cold duration)
andnine (cold prevention) studies for our respective outcomes
of interest when we pooled all micronutrients reporting that
outcome. For a funnel plot to be able to detect publication bias
with adequate power, 10 studies are required minimally. Al-
though the number of studieswe included for each outcome is
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close to theminimally required 10 studies, it remains probable
that asymmetry may exist because of chance rather than true
publication bias.

CONCLUSION

Overall, the results suggest that micronutrients other than
vitamin C may have limited effects on cold prevention among
healthy adults, but zinc shows potential reduction of cold
duration.

Received September 27, 2019. Accepted for publication March 16,
2020.

Published online April 27, 2020.

Note: Supplemental tables and figures appear at www.ajtmh.org.

Acknowledgments: We thank Jeremiah Chng and Christine Gao from
the Biodefence Center of the Singapore Armed Forces for their guid-
ance in this area of interest. We also thank Chalani Udhyami Ubey-
narayana for offering critical advice on data treatment and the
statistical tests to be carried out.

Financial support: This research was funded by the Ministry of De-
fense, grant number N-608-000-065-001.

Disclaimer: The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

Disclosure: All data generated or analyzed during this study are in-
cluded in this published article (and in its Supplementary Information
files).

Authors’ addresses: Min Xian Wang, Shwe Sin Win, and Junxiong
Pang, Centre for InfectiousDisease Epidemiology andResearch, Saw
SweeHock School of Public Health, National University of Singapore,
Singapore, Republic of Singapore, E-mails: ephwmx@nus.edu.sg,
ephssw@nus.edu.sg, and pangv@hotmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in anymedium, provided
the original author and source are credited.

REFERENCES

1. Allan GM, Arroll B, 2014. Prevention and treatment of the
common cold: making sense of the evidence. CMAJ 186:
190–199.

2. United States Centers for Disease Control and Prevention, 2018.
Cold Versus Flu. Available at: https://www.cdc.gov/flu/about/
qa/coldflu.htm.

3. Dicpinigaitis PV, Eccles R, Blaiss MS, Wingertzahn MA, 2015.
Impact of cough and common cold on productivity, absen-
teeism, and daily life in the United States: ACHOO survey.Curr
Med Res Opin 31: 1519–1525.

4. Bramley TJ, Lerner D, SarnesM, 2002. Productivity losses related
to the common cold. J Occup Environ Med 44: 822–829.

5. Hellgren J, Cervin A, Nordling S, Bergman A, Cardell L, 2010.
Allergic rhinitis and the common cold–high cost to society.
Allergy 65: 776–783.

6. Marengo RL, Ciceran A, Navarro BEDR, 2017. Upper respiratory
tract infections in children and adults: burden and manage-
ment. EMJ Respir 5 (Suppl 14): 22–28.

7. World Health Organisation, 2018. Disease Burden and Mortality
Estimates. Geneva, Switzerland: WHO.

8. Maggini S, Wintergerst ES, Beveridge S, Hornig DH, 2007. Se-
lectedvitaminsand traceelements support immune functionby
strengthening epithelial barriers and cellular and humoral im-
mune responses. Br J Nutr 98: S29–S35.

9. Kau AL, Ahern PP, Griffin NW, Goodman AL, Gordon JI, 2011.
Human nutrition, the gut microbiome and the immune system.
Nature 474: 327–336.

10. Long S, Romani AM, 2014. Role of cellular magnesium in human
diseases. Austin J Nutr Food Sci 2: 1051.

11. Mora JR, Iwata M, Von Andrian UH, 2008. Vitamin effects on the
immune system: vitamins A and D take centre stage. Nat Rev
Immunol 8: 685–698.

12. Rayman MP, 2012. Selenium and human health. Lancet 379:
1256–1268.

13. Wintergerst ES, Maggini S, Hornig DH, 2007. Contribution of
selected vitamins and trace elements to immune function. Ann
Nutr Metab 51: 301–323.

14. Rondanelli M, Miccono A, Lamburghini S, Avanzato I, Riva A,
Allegrini P, FalivaMA, Peroni G, NichettiM, PernaS, 2018. Self-
care for common colds: the pivotal role of vitamin D, vitamin C,
zinc, and Echinacea in three main immune interactive clusters
(physical barriers, innate and adaptive immunity) involved
during an episode of common colds—practical advice on
dosages and on the time to take these nutrients/botanicals in
order to prevent or treat common colds. Evid Based Comple-
ment Alternat Med 2018, 5813095.

15. Alpert PT, 2017. The role of vitamins andminerals on the immune
system. Home Health Care Manag Pract 29: 199–202.

16. Carr A, Maggini S, 2017. Vitamin C and immune function. Nutri-
ents 9: 1211.
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H, 2010. Vitamin D supplementation for the prevention of acute

98 WANG AND OTHERS

http://www.ajtmh.org
mailto:ephwmx@nus.edu.sg
mailto:ephssw@nus.edu.sg
mailto:pangv@hotmail.com
https://creativecommons.org/licenses/by/4.0/
https://www.cdc.gov/flu/about/qa/coldflu.htm
https://www.cdc.gov/flu/about/qa/coldflu.htm


respiratory tract infection: a randomized, double-blinded trial
among young Finnish men. J Infect Dis 202: 809–814.

32. Li-NgM, Aloia JF, Pollack S, Cunha BA, Mikhail M, Yeh J, Berbari
N, 2009. A randomized controlled trial of vitamin D3 supple-
mentation for the prevention of symptomatic upper respiratory
tract infections. Epidemiol Infect 137: 1396–1404.

33. Murdoch DR, Slow S, Chambers ST, Jennings LC, Stewart AW,
Priest PC, Florkowski CM, Livesey JH, CamargoCA, Scragg R,
2012. Effect of vitamin D3 supplementation on upper re-
spiratory tract infections in healthy adults: the VIDARIS ran-
domized controlled trial. JAMA 308: 1333–1339.

34. Rees JR, Hendricks K, Barry EL, Peacock JL, Mott LA, Sandler
RS, Bresalier RS, Goodman M, Bostick RM, Baron JA, 2013.
Vitamin D3 supplementation and upper respiratory tract infec-
tions in a randomized, controlled trial. Clin Infect Dis 57:
1384–1392.

35. SimpsonS, vanderMei I, StewartN, BlizzardL, TetteyP, TaylorB,
2015. Weekly cholecalciferol supplementation results in sig-
nificant reductions in infection risk among the vitamin D de-
ficient: results from the CIPRIS pilot RCT. BMC Nutr 1: 7.

36. Douglas RM, Miles HB, Moore BW, Ryan P, Pinnock CB, 1987.
Failure of effervescent zinc acetate lozenges to alter the course
of upper respiratory tract infections in Australian adults. Anti-
microb Agents Chemother 31: 1263–1265.

37. Eby GA, Davis D, Halcomb W, 1984. Reduction in duration of
common colds by zinc gluconate lozenges in a double-blind
study. Antimicrob Agents Chemother 25: 20–24.

38. Godfrey JC, Sloane BC, Smith DS, Turco JH, Mercer N, Godfrey
NJ, 1992. Zinc gluconate and the common cold: a controlled
clinical study. J Int Med Res 20: 234–246.

39. Mossad SB, Macknin ML, Medendorp SV, Mason P, 1996. Zinc
gluconate lozenges for treating the common cold: a random-
ized, double-blind, placebo-controlled study. Ann Intern Med
125: 81–88.

40. Petrus EJ, Lawson KA, Bucci LR, Blum K, 1998. Randomized,
double-masked, placebo-controlled clinical study of the ef-
fectiveness of zinc acetate lozenges on common cold symp-
toms in allergy- tested subjects. Curr Ther Res 59: 595–607.

41. Prasad AS, Fitzgerald JT, Bao B, Beck FW, Chandrasekar PH,
2000. Duration of symptoms and plasma cytokine levels in
patients with the common cold treated with zinc acetate: a
randomized, double-blind, placebo-controlled trial. Ann Intern
Med 133: 245–252.

42. PrasadAS,BeckFW,BaoB,SnellD, Fitzgerald JT, 2008.Duration
and severity of symptoms and levels of plasma interleukin-1
receptor antagonist, soluble tumor necrosis factor receptor,
and adhesion molecules in patients with common cold treated
with zinc acetate. J Infect Dis 197: 795–802.

43. Turner RB, Cetnarowski WE, 2000. Effect of treatment with zinc
gluconate or zinc acetate on experimental and natural colds.
Clin Infect Dis 31: 1202–1208.

44. Veverka DV, Wilson C, Martinez MA, Wenger R, Tamosuinas A,
2009. Use of zinc supplements to reduce upper respiratory
infections in United States air force academy cadets. Com-
plement Ther Clin Pract 15: 91–95.

45. Weismann K, Jakobsen JP, Weismann JE, Hammer UM, Nyholm
SM, Hansen B, Lomholt K, Schmidt K, 1990. Zinc gluconate
lozenges for common cold. Dan Med Bull 37: 279–281.

46. SinghM, Das RR, 2015.WITHDRAWN: zinc for the common cold.
Cochrane Database Syst Rev 2015: CD001364.

47. Simon AK, Hollander GA, McMichael A, 2015. Evolution of the
immune system in humans from infancy to old age. Proc R Soc
B 282: 20143085.

48. Sanna A, Firinu D, Zavattari P, Valera P, 2018. Zinc status and
autoimmunity: a systematic review and meta-analysis. Nutri-
ents 10: 68.

49. De Benoist B, Darnton-Hill I, Davidsson L, Fontaine O, Hotz C,
2007. Conclusions of the joint WHO/UNICEF/IAEA/IZiNCG in-
teragency meeting on zinc status indicators. Food Nutr Bull 28
(Suppl 3): S480–S484.
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