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— ABSTRACT

Background: Results of randomized controlled
trials evaluating zinc for the treatment of the
common cold are conflicting. We conducted a
systematic review and meta-analysis to evalu-
ate the efficacy and safety of zinc for such use.

Methods: We searched electronic databases
and other sources for studies published
through to Sept. 30, 2011. We included all
randomized controlled trials comparing orally
administered zinc with placebo or no treat-
ment. Assessment for study inclusion, data
extraction and risk-of-bias analyses were per-
formed in duplicate. We conducted meta-
analyses using a random-effects model.

Results: We included 17 trials involving a total
of 2121 participants. Compared with patients
given placebo, those receiving zinc had a
shorter duration of cold symptoms (mean dif-
ference —1.65 days, 95% confidence interval
[CI] -2.50 to —0.81); however, heterogeneity
was high (#= 95%). Zinc shortened the dura-

tion of cold symptoms in adults (mean differ-
ence —-2.63, 95% Cl -3.69 to —1.58), but no sig-
nificant effect was seen among children
(mean difference -0.26, 95% Cl —-0.78 to 0.25).
Heterogeneity remained high in all subgroup
analyses, including by age, dose of ionized
zinc and zinc formulation. The occurrence of
any adverse event (risk ratio [RR] 1.24, 95% CI
1.05 to 1.46), bad taste (RR 1.65, 95% Cl 1.27
to 2.16) and nausea (RR 1.64, 95% CI 1.19 to
2.27) were more common in the zinc group
than in the placebo group.

Interpretation: The results of our meta-
analysis showed that oral zinc formulations
may shorten the duration of symptoms of the
common cold. However, large high-quality tri-
als are needed before definitive recommenda-
tions for clinical practice can be made. Ad-
verse effects were common and should be the
point of future study, because a good safety
and tolerance profile is essential when treat-
ing this generally mild illness.

he common cold is a frequent respira-
T tory infection experienced 2 to 4 times a

year by adults and up to 8 to 10 times a
year by children."” Colds can be caused by sev-
eral viruses, of which rhinoviruses are the most
common.* Despite their benign nature, colds
can lead to substantial morbidity, absenteeism
and lost productivity.”™”’

Zinc, which can inhibit rhinovirus replication
and has activity against other respiratory viruses
such as respiratory syncytial virus,® is a potential
treatment for the common cold. The exact mech-
anism of zinc’s activity on viruses remains un -
certain. Zinc may also reduce the severity of cold
symptoms by acting as an astringent on the
trigeminal nerve.”'

A recent meta-analysis of randomized con-
trolled trials concluded that zinc was effective at
reducing the duration and severity of common cold
symptoms." However, there was considerable het-
erogeneity reported for the primary outcome (I =
93%), and subgroup analyses to explore between-
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study variations were not performed. The efficacy
of zinc therefore remains uncertain, because it is
unknown whether the variability among studies
was due to methodologic diversity (i.e., risk of bias
and therefore uncertainty in zinc’s efficacy) or dif-
ferences in study populations or interventions (i.e.,
zinc dose and formulation).

We conducted a systematic review and meta-
analysis to evaluate the efficacy and safety of
zinc for the treatment of the common cold. We
sought to improve upon previous systematic
reviews'™7 by exploring the heterogeneity with
subgroups identified a priori, identifying new tri-
als by instituting a broader search and obtaining
additional data from authors.

Methods

Eligibility criteria

We included studies if they were randomized
controlled trials; involved patients of any age
with the common cold; and compared oral zinc
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treatment started within three days of symptoms
with placebo or no intervention. We excluded
studies in which zinc was administered
intranasally or that used zinc in a combined for-
mulation with other minerals or vitamins. The
primary outcome was the duration of cold symp-
toms. Secondary outcomes included the severity
of cold symptoms, the presence of symptoms
after three and seven days, and adverse events.

Literature search

We searched MEDLINE (1948 to Sept. 30,
2011), Embase (1980 to 2011 [week 40]), the
Cochrane Central Register of Controlled Trials
(until the third quarter of 2011), CINAHL (1982
to Sept. 30, 2011) and AMED (Allied and Com-
plementary Medicine Database) for relevant
studies. Details of the strategies used to search
these databases are provided in Appendix 1
(available at www.cmaj.ca/lookup/suppl/doi:
10.1503/cmaj.111990/-/DC1). No restrictions
were placed on year or language. We also
searched conference proceedings from 2005 to
2011 through the Web of Science and Open-
SIGLE databases, and clinical trial registries
(ClinicalTrials.gov, Current Controlled Trials
[controlled-trials.com] and the US National Insti-
tutes of Health database). Finally, we reviewed
reference lists of key articles.

Data extraction

Two reviewers (J.J. and M.S.) independently
screened the titles and abstracts of identified
studies. All potentially relevant articles were then
obtained and screened independently for eligibil-
ity. Disagreements were resolved by consensus
or third-party adjudication. Study authors were
contacted for information when required
(Appendix 2, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.111990/-/DC1).

Assessment of risk of bias

The Cochrane risk-of-bias tool was used to
assess the risk of bias in included trials.'”® The
reviewers collected these data independently and
in duplicate. The risk of bias for each outcome
was assessed using the GRADE approach (Grad-
ing of Recommendations Assessment, Develop-
ment and Evaluation)."” The reviewers examined
the included trials, and an overall quality of the
summary statistic was determined by discussion
after this independent assessment. Summary
tables were prepared using the GRADE profiler
(GRADEpro).”

Statistical analysis
Means and standard deviations were collected
for the continuous outcomes. When these data
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were not reported and not available after contact-
ing authors, we followed the methods outlined in
the Cochrane handbook for obtaining standard
deviations from confidence intervals and p val-
ues.'”® When only the median and interquartile
range (IQR) were reported, we used the median
to reflect the mean,* and we calculated the stan-
dard deviation by dividing the IQR by 1.35 stan-
dard deviations."

Statistical analysis was conducted using Re-
view Manager Software (RevMan, version 5.1).*
Data were pooled using a random-effects model.
For continuous outcomes, we used mean differ-
ences to pool results when the measurement
scale was the same (duration of cold symptoms)
and standardized mean differences when the
scale varied (symptom severity). Risk ratios
were used for dichotomous outcomes. Hetero-
geneity was evaluated using the I statistic. When
substantial heterogeneity was found (* = 40%),
subgroup analyses were performed.

We performed subgroup analyses defined a
priori to investigate the effects of age (< 18 years
v. 2 18 years), experimentally induced versus nat-
urally acquired colds, zinc formulation, daily dose
of ionized zinc (= 75 mg v. < 75 mg), high versus
low risk of bias, timing of treatment initiation
(< 24 hours v. > 24 hours) and funding source
(industry v. non-industry). Interaction tests for
subgroup differences were performed using the
%’ test and the P statistic. Subgroup credibility was
assessed using the criteria described by Sun and
colleagues® (Appendix 3, available at www.cmaj
.ca/lookup/suppl/doi:10.1503/cmaj.111990/-/DC1).

Sensitivity analysis

Given the potential differences between naturally
acquired and experimentally induced colds, we
performed a sensitivity analysis in which we
excluded trials with induced colds.

Results

We screened the titles and abstracts of 683
unique records identified through our literature
search. Of the 64 full-text articles assessed for
eligibility, 17 studies were included in the sys-
tematic review and 14 in the meta-analysis (Fig-
ure 1). The kappa value for agreement between
the reviewers was 0.96. Two trials presented in
one paper included three zinc treatment arms and
one placebo arm.* In order to avoid a unit-of-
analysis error,” the three zinc arms were com-
bined and compared with the one placebo arm.

Study characteristics
Seventeen trials involving 2121 patients rang-
ing from 1 to 65 years of age were included
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(Table 1).*** Three trials included children less
than 18 years old, 13 included adults, and 1 trial
included both adults and children. Colds were
either naturally acquired (13 trials) or experi-
mentally induced (4). Treatment regimens in-
cluded zinc gluconate lozenges (8 trials) or
tablets (1), zinc acetate lozenges (4), zinc sulfate
syrup (2), and either zinc gluconate or zinc
acetate (2) compared with placebo. The duration
of treatment was different in all trials (range 3—
14 days or until symptom resolution).

The findings of our risk-of-bias assessment are
presented in Table 2 (and Appendix 4, available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.111990/-/DC1). Most of the trials did not provide
adequate information on allocation concealment.
All of the trials reported blinding of patients and
health care professionals with placebos identical
in appearance or with no identifying features. The
risk of bias is summarized for each outcome in the
GRADE Evidence Profile (Appendix 5, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.111990/-/DC1) and in Table 3.

Duration of symptoms

Thirteen trials reported on the duration of cold
symptoms. The remaining four trials either mea-
sured but did not report the outcome®*** or
reported the proportion of symptomatic patients
on each day.®* Eight trials (n = 934) could be
pooled in the meta-analysis (Figure 2). All trials
involved patients with naturally acquired colds.
Treatment with zinc compared with placebo sig-
nificantly reduced the duration of cold symptoms
(mean difference —1.65 days, 95% CI -2.50 to
—0.81). Because of significant heterogeneity (I* =
95%), however, the quality of the evidence for
this finding was considered moderate (Table 3,
Appendix 5).

Subgroup analyses showed a statistically sig-
nificant interaction between trials involving adults
compared with those involving children (interac-
tion p < 0.001) (Figure 2) (Appendix 6, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.111990/-/DC1). Zinc reduced the duration of
cold symptoms in adults (mean difference —2.63,
95% CI -3.69 to —1.58) but not in children (mean
difference —0.26, 95% CI -0.78 to 0.25). Hetero-
geneity was slightly reduced in this subgrouping
(adults: I* = 82%; children: I* = 84%).

The reduction in the duration of cold symp-
toms was greater with high doses of ionic zinc
(mean difference —2.75, 95% CI -3.89 to —1.60)
than with lower doses (mean difference —0.84,
95% CI —1.50 to —0.18) (Figure 3) (Appendix 6).
There was a significant interaction effect (p =
0.005), and heterogeneity was reduced (high
dose: > = 78%; low dose: I* = 89%).

The effect of zinc on the duration of symp-
toms also varied by zinc formulation (interaction
p =0.003) (Appendix 6). The duration of symp-
toms was significantly reduced in trials using
zinc acetate (mean difference —2.67, 95% CI
—3.96 to —1.38) but was not different in trials
using zinc gluconate or zinc sulfate (Figure 4).
This subgroup effect may reflect the fact that
zinc acetate was used only in adults and zinc sul-
fate only in children (Appendix 3).

No subgroup effect was found for differences
in risk of bias or symptom duration before inter-
vention (Appendix 6). All of the trials were
funded by industry; therefore, this subgroup
analysis was not possible.

To address concerns over potentially inade-
quate blinding to the taste of the placebo, we
conducted a post hoc sensitivity analysis in
which we excluded trials that reported significant
differences in bad taste between zinc and pla-
cebo arms™* or did not report a bad taste out-
come.” After excluding these trials, the dura-
tion of cold symptoms still favoured zinc, with a

Records identified
through database searches
n =858

n=175
4

Records screened
n =683

—— Excluded
Y

Full-text articles assessed
for eligibility
n =64
(66 studies)

L Excluded

Y

Studies included in
qualitative analysis
n=17
(15 articles)

v

Studies included in
quantitative analysis
(meta-analysis)
n=14
(13 articles)

—— Excluded (duplicates)

n=619

n=49

* Review or commentary n =47
e Nasal and oral zincused n=1
e NotanRCT n=1

Figure 1: Selection of studies for the qualitative and quantitative analyses.

RCT = randomized controlled trial.

CMAJ, July 10, 2012, 184(10)

E553



uolyepuno4
dulD puejansd

swordwAs pjiw

‘(A9161nD) Quo Inq ||e 1o uoIINn|osal yz Aene bw ggL 661 AON s91e1s 9661 “|e 12
ewieyd [[e JO uoin|osay pglL  woydwAs 1nun vz > !(duPA|b) abuszo| Hz N SYNpPY 661 PO 001 paiun pesson
(4913 (21— sopeub) Ajrep
Buipnpxa) SSWI3 XIS JO (9—| sope.b)
(A31BIND) «SwoldwAs uonn|osai uolnjosal Ajiep sswiy anly bw o Zl-1 /66l 18N s91els 8661 e 1d
ewieyd aulu jo duasqy woldwAs jnun  woldwAs [1un vz > (duIdA|B) abuazo| Hz N sapeJb ‘ualp|lyd  -9661L PO  6¥C pawun uluyenN
swordwAs pjiw pL
(3ej| QUO INQ [|B JO IO UONN|OSAI Anep 5002 JeIN L00T "|e 32
oJag) ewlieyd ||e 4o uonnjosay woydwiAs [pun pPoL 8y > 221M} bw G| ‘dnJAs 57 N ualp|iyd  —00z22d 0zl Aoxany 10bnunyj
skep
9AIINd|sSU0d eu oL F_Jrc_xwrcv
(el Cuo 4L s uonnjosal Ajep KoL soo0z Aein 900 “|e 13
0>j49g) ewieyd 9102s woldwAsg ow/ woldwAs jnun v > 221M) Bbw G| ‘dnuAs 7 N —gz9be ‘uaipjlyd  —-¥00Z PO 00T Aodan jobnuny
uj ubisag pue (8 wnuwixew) ayeme
2duas Aouypon  ,swordwAs pjod uoIlNn|osal dIym y z A1ana bw / gz s91eys  .Z66l “1e1d
‘(J210Yy) ewleyd ||e 4O ddUISqQY YN  woidwis jiun 8y > !(duPA|6) sbuszo| Hz N S}Npy YN /8 paiun £313pon
ayeme
(1A aym y g A1ane bw €z so1e1S «L861 '(9)
|03s11g) eweyd 4N YN pL vz > ‘(p1e >1ad) 96usZ0| DZ | S}NpY YN St payiun ‘|e 3o Jieq
axeme ajiym
y z Mane bw gz uayy
(1A ‘Bur 9y asop Buipeo) sa1e15 «L861 ‘()
|03s14g) ewueyd UN UN ps o€ > !(p12e d13d) 9budZ0o| D7 | synpy UN 43 paiun ‘|e 3o Jieq
9Xeme sjiym y ¢
(ssuojeloge|  y4SwolrdwAs pjod uoinjosal A1ane Bw £z uayy ‘bw 9y synpe pue s91e19 7861
119n.]) ewlieyd ||e JO duasqy p,. woldwAs |nun L > asop buipeo| 19|ge1 D7 N ualp|iyd 186l |ed oL pauun “le19 Aq3
(P 9 wnwixew
swoldwAs ‘P € wWnwiulw) (Ajep
(‘P11 sbuipined) ybnod Jo uolin|osal 8-9) @eme 3jiym y g G861 .86l "|e1e
ewJleyd 3eouy) ‘|leseu oN pylL  woldwAs [13un 8y > A1ans Bw | ‘abuazo| vz N s}ynpy  AoN-Jdy GS eljessny se|bnoq
aeme 3|Iym y g 1K 0 wopbury /861 "B 3D
(say) ewseyd N uN P9 vz > K1ans Bw gz 9buszo| oz I -81 abe ‘synpy uN 4} pauun qpeN-v
Buipun4 uoIIn|osal dn-mojjo} juswieasy Jo Y ‘uswieasy abesop p|od jo uolze|ndod poliad u Aiyunod Apnis
woldwiAs jo Jo uoneing 91043q ‘uoile|NwWJoy duIzZ adA| Apnis
uonulyeQg uoneing swojdwAs
Jo uoneing

siskjeue aAire}[END SY) Ul PSPN|DUI S| PB||0JIUOD PAZIWOPUERI JO SHiisudeIeY) (Z 4o L Med) | ajgel

CMAJ, July 10, 2012, 184(10)

E554



‘(ssauasieoy pue sydepesy ‘Ybnod 1eouy) 910S ‘U0IIdNIISAO |eseu ‘eaysioulyl ‘buizasus) swoldwAs pjod /£ 104 3I9A3S AISA = {7 '919A3S = € ‘91eISPOW = 7 ‘P|IW = | ‘SUou = ( :3402s woldwAst

%'SwoldwAs p|od Q| 40} SISASS = € ‘S}eISPOW = 7 ‘P|IW = | ‘SUOU = ( :3402s woldwAs)

'ssauasIeoy pue ybnod “1eoly) Aydleids 1eoly) 210s ‘UoIdNIISO [eseu ‘Dbeulelp |eseu ‘Buizesus ‘Uied a|PSNW ‘19AB) ‘DYdBPLIH
‘uoinjosal woldwiAs = Ys ‘a1e|Ns dUIZ = S7 ‘91L1AE dUIZ = Y7 ‘91euodn|b duiz = D7 ‘padnpul = | ‘|einjeu = N ‘paliodal Jou = YN D10N

(3e04y3 Aydieuds
pue buizaaus
Buipnpxs pue

uolysodsipul
sn|d «paisi| (P 0L wnwixeuw) (Kjrep o1) @>eme
(ysess g 01) swoydwAs uoin|osal aym y §'L-L A1and 1£G9 886l 994 0661 "B 32
ua3sJIY|) ewieyd 6 $O dUBSAY poL  woydwAs [nun ve > bw gy ‘abuszo| Hz N —g| 9be ‘synpy  —/861 994 Sl ewusq UuBWSISAN
(P 71 Wnwixew (P/9 |e301)
(4ownsuo) E S ‘P € WNwiuiw) y g-z A1ans bw g Jo
paqwe]  sa1ods woldwAs uoIIN|osal bw G| | vz 10 ‘Bw g€l JA g9 s91e1S ,2000T '(9)
JauJepN) eweyd 9AI}NIBSUOD 7 piL  woydwAs [nun 9€ > Dz ‘8buszo| yz 10 D7 N —g| abe ‘synpy UN 18¢ payun  ‘|le 1L Jsuing
(P 71 wWnwixew (P/9 |e301)
(Jownsuo) E S ‘P € WNwiuiw) y g-z A1ans bw g Jo
paqwe]  sa1o0ds woldwAs uoIINn|osal bw gL | vz 10 ‘Bw g€l JA g9 LR ,20002 (V)
JauJepn) eweyd 9AI}NIBSUOD 7 pylL  woidwAs jnun 8y > Dz ‘abuszo| yz 10 D7 | —-g| abe ‘synpy YN €12 pauun  |e 39 Jauiny
(ssaunpjiyd
(s1onpoud snid ypa3si| uoIIN|osal ayeme 3|Iym y g Aians
Jawnsuo) 0l) swoldwAs woldwAs Bw £z uayy ‘bw 9y asop 9861 AeN s91e1S 6861
['T9NJIN) eweyd L1 JO uoinjosay pL |3unJop /£ 4N Buipeo) abuazo| Dz N SHNPY 986l uer  v/1L psuun  “|e 38 yuws
HIN ‘uonepunog
ydJieasay cwiordwAs pjiw uoliln|osal
Aq3 Asyed QU0 Inq ||e IO woldwiAs uoIIN|osal ayeme 3|Iym y g-z Aians €007 uer s91eys  ,.800T “le 1@
pue 861099  ||e JO UOIIN|OSaY Pyep | woidwis nun ve > bw g'¢g| ‘abuszo| vz N SYNPY  —666L Uer 0§ payun peseld
uoljepuno4
ydJ4easay swolrdwAs pjiw uolIN|osal
Aq3 Asyed Quo Inq [|e Jo woldwAs uoIINn|osal ayeme a|ilym y g-z Aians 8661 29d s91e1S 0007 “|e 1@
pue 861095  ||e JO UOIIN|OSDY Pyep |  wordwAs [un vz > bw gz| ‘abuszo| vz N sYNpyY  -866l uer 0§ pawun peseid
(esiejew snid
*P33s!| 01) (P 71 wnwixew) ajeme ajIym y g A1ans L661
(uoninN swoldwAs pjod UoI3N|0SaI uoIINn|osal uayy ‘L Akepuo y gL bny-/661 s91e1S 8661
ISPISAN) Bueyd || 4o uonnjosay woldwAs nun  woldwiAs jiun YN Aiane buw g ‘9buazo| vz N S}Npy Anr  zol pauun  “|e 19 snidd
Buipun4 uolnjosal dn-moj|o} Juswieas) Jo Y ‘Juswieasy abesop p|o> jo uone|ndod pouiad u A1punod Apnis
woldwiAs jo Jo uoneing 910J9q ‘uolle|NwWIoy dulZ adA) Apnis
uoluaqg uoneing swoldwAs
Jo uoneing

siskjeue aAllelI[END BY3 Ul PapN|dUl S[BL} P3[|0JIU0D PazZiWopuel JO sdiisuadeIey) (Z Jo Z Med) | ajqel

E555

CMAJ, July 10, 2012, 184(10)



RESEARCH

mean difference of —1.74 days (95% CI -2.90 to
—0.58). On subgroup analysis, there was no sig-
nificant difference between trials with or without
likelihood of blinding broken by bad taste (inter-
action p = 0.85) (Appendix 6).

Severity of symptoms

Sixteen trials reported on the severity of symp-
toms, but only four trials reported the data in
such a way that they could be combined in the
meta-analysis.”*>*¥ When data from these trials
were combined, we found no significant differ-
ence in severity of symptoms between the zinc
group and the placebo group (standardized mean
difference —0.27, 95% CI —0.58 to 0.05) (Fig-
ure 5). The quality of evidence was low given the
substantial heterogeneity (I = 55%) and impreci-
sion in the summary estimate.

Subgroup analyses showed that there was a
significant difference in the mean severity score
between children and adults (interaction p =
0.01), with children having a nonsignificant dif-
ference between the zinc and placebo groups
(standardized mean difference —0.05, 95% CI
—0.27 to 0.17) and adults having a significant dif-
ference favouring zinc (standardized mean differ-
ence —0.64, 95% CI —1.05 to —-0.24) (Appendix
6). However, the same trials were included in the
subgroup analysis by zinc formulation (all chil-
dren received zinc sulfate) and in the subgroup
analysis by dose of ionic zinc (all children re-
ceived a low dose). Therefore, although a sub-

group difference may exist, it is not clear whether
age, zinc formulation or dose of ionic zinc con-
tributed to this difference (Appendix 3).

Presence of symptoms at three and seven
days

Eight trials involving 1252 patients reported the
proportion of patients who were symptomatic
after three days; no difference between the zinc
and placebo groups was found (risk ratio [RR]
0.92, 95% CI 0.83 to 1.02). Nine trials involving
1325 patients reported the proportion of patients
who were symptomatic after seven days; a signif-
icant reduction in the number was reported in the
zinc arm compared with placebo group (RR 0.63,
95% CI 0.44 to 0.90). Both outcomes were asso-
ciated with high heterogeneity, and the quality of
evidence was considered low given this inconsis-
tency and risk of bias in the trials. No significant
subgroup effects were found (Appendix 6).

Adverse events
Nine trials involving 1487 patients found that the
proportion of patients with any adverse events
was higher in the zinc group than in the placebo
group (RR 1.24, 95% CI 1.05 to 1.46) (Fig-
ure 6). Heterogeneity was moderate (I* = 37%).
Patients treated with zinc more frequently
experienced bad taste (eight trials, RR 1.65, 95%
CI 1.27 to 2.16) and nausea (nine trials, RR 1.64,
95% CI 1.19 to 2.27). We found no difference
between groups in the occurrence of abdominal

Table 2: Risk-of-bias review of included studies
Random
sequence Allocation Blinding Incomplete Selective

generation concealment (performance bias outcome data reporting Other
Study (selection bias) (selection bias) and detection bias) (attrition bias) (reporting bias) bias
Al-Nakib et al.” Unclear Unclear Low Low High High
Douglas et al.” Unclear Unclear Low High Unclear High
Eby et al.”® Unclear Unclear Low High Low High
Farr et al. (A)” Low Unclear Low Unclear High Unclear
Farr et al. (B)” Low Unclear Low Unclear Unclear Unclear
Godfrey et al.*® Low Low Low High Unclear Unclear
Kurugél et al.™ Low Unclear Low Low Low Low
Kurugél et al.” Low Low Low Low Low Low
Macknin et al.” Low Low Low Low Low Low
Mossad et al.** Low Low Low Low Low Unclear
Petrus et al.* Unclear Unclear Low Low Unclear Unclear
Prasad et al.* Low Low Low Low Low Low
Prasad et al.” Low Low Low Low Low Low
Smith et al.* Unclear Unclear Low High High Unclear
Turner et al. (A)* Unclear Unclear Low High Low Unclear
Turner et al. (B)* Unclear Unclear Low High Low Unclear
Weismann et al.”® Unclear Unclear Low High High Unclear
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Table 3: Summary of findings for oral zinc therapy for the common cold in children and adults with the common cold in outpatient
or ambulatory settings

Illustrative comparative risks* (95% Cl)

Assumed risk for ~ Corresponding risk Relative effect No. of participants GRADE quality

Outcome control group with zinc (95% Cl) (studies) of evidencet
Duration of symptoms 1.65 days lower 934 (8) Moderate™*
(2.5 to 0.81 days lower)
Severity of symptoms 0.27 SDs lower 412 (4) Low*
(0.58 lower to 0.05 higher)
No. of symptomatic 858 per 1000 789 per 1000 RR 0.92 1252 (8) Low"
patients after 3 d of (712 to 875 per 1000) (0.83 to 1.02)
treatment
No. of symptomatic 471 per 1000 297 per 1000 RR 0.63 1325 (9) Low™
patients after 7 d of (207 to 424 per 1000) (0.44 to0 0.9)
treatment
Adverse events 0 per 1000 0 per 1000 RR 11 230 (2) Low™
leading to stopping (0 to 0 per 1000) (0.62 to 193.8)
treatment
Adverse event
Any 385 per 1000 477 per 1000 RR 1.24 1487 (9) Moderate'™
(404 to 562 per 1000) (1.05 to 1.46)
Bad taste 204 per 1000 337 per 1000 RR 1.65 961 (8) Moderate™
(259 to 441 per 1000) (1.27 to 2.16)
Nausea 102 per 1000 167 per 1000 RR 1.64 973 (9) Moderate®™*
(121 to 232 per 1000) (1.19 to 2.27)
Abdominal pain 94 per 1000 112 per 1000 RR 1.19 876 (7) Moderate'
(78 to 162 per 1000) (0.83to 1.72)
Diarrhea 29 per 1000 55 per 1000 RR 1.88 831 (7) Moderate’
(28 to 108 per 1000) (0.95t0 3.72)
Constipation 23 per 1000 33 per 1000 RR 1.42 876 (7) Moderate'

(15 to 72 per 1000)

(0.64 to 3.12)

Note: CI = confidence interval, GRADE = Grading of Recommendations Assessment, Development and Evaluation, RR = risk ratio, SD = standard deviation.

*The basis for the assumed risk (e.g., the median risk for the control group across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

tGRADE Working Group grades of evidence: high quality: further research is very unlikely to change our confidence in the estimate of effect; moderate quality: further
research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality: further research is very likely to have an
important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality: we are very uncertain about the estimate.

°No serious design limitations: Blinding was adequate in all trials. Two trials had unclear allocation concealment.’"** One trial did not describe random sequence
generation,” and two trials had unclear selective reporting bias.*** One trial had incomplete outcome data.” Other bias was unclear in three trials.’®**** Sensitivity
analysis excluding these trials did not change the results, so the evidence was not downgraded.

°Serious inconsistency: Very high statistical heterogeneity (I = 95%). Age, ionic zinc dose and zinc formulation partially accounted for between-study variation.
‘No serious imprecision: Cumulative sample size was appropriate. The optimal information size to detect a one-day difference in duration of symptoms (o = 0.05,
90% power) assuming a mean of 7 days (SD 3 days) was 190 participants per arm. The 95% Cl (2.50 to 0.81) crossed the minimally important difference of one day.
However, the Cl was narrow and did not include “no treatment effect.”

“Serious inconsistency: Substantial heterogeneity (I’ = 55%).

“Serious imprecision: Total sample size 412. The optimal information size to detect a 1-point difference in score for severity of symptoms (o = 0.05, 80% power)
assuming a mean score of 3 (SD 4) was 252 participants per arm.

'Serious design limitations: Five trials had significant design limitations (all had incomplete outcome data, unclear allocation concealment and did not report the
method of randomization).”********** The remaining three trials had no significant limitations.

9Serious Inconsistency: High statistical heterogeneity (I’ = 80%) not explained by subgroup analyses.

"Serious design limitations: Six trials had significant design limitations.”*********** A|| had incomplete outcome data. Allocation concealment and method of
randomization were unclear in all but one of the six.”® Other bias was present in one trial.”

'Serious inconsistency: High statistical heterogeneity (F = 78%).

'Serious design limitations: One trial had serious design limitations.” This trial had incomplete outcome data and was high risk for selective reporting. It also had
unclear allocation concealment and did not report the method of randomization.

“Serious imprecision: Only two trials reported on this outcome, and one of these trials had no outcomes to report in either group;” this resulted in a large 95% CI
and small sample size.

'No serious limitations: Five trials had serious design problems. All five had incomplete outcome data and unclear allocation concealment, and all but one
trial* did not report the randomization method. Sensitivity analysis excluding these trials did not change the results, so the evidence was not downgraded.
"Serious imprecision: Estimated range of adverse events from 19 more to 177 more per 1000 versus placebo.

"No serious design limitations: Two trials had serious design limitations.”** Sensitivity analysis excluding these trials did not change the results, so the evidence was
not downgraded.

°Serious imprecision: Estimated range of “bad taste” events from 55 to 237 more per 1000 versus placebo.

’No serious design limitations: Three trials had significant design concerns.”®*®** All had incomplete outcome data and unclear allocation concealment. The
method of randomization was not reported in two trials.”*** The remaining six trials had low risk of bias. Sensitivity analysis excluding the trials with high risk of
bias did not change the results, so the evidence was not downgraded.

“Serious imprecision: Estimated range of nausea events from 19 more to 130 more per 1000 versus placebo.

'Serious imprecision: Low number of events (102) and 95% Cl crosses no treatment effect (1.0) and the threshold for appreciable harm (1.25).

‘Serious imprecision: Low number of events (36) and 95% Cl crosses no treatment effect (1.0) and the threshold for appreciable harm (1.25).

‘Serious imprecision: Low number of events (28) and 95% Cl crosses no treatment effect (1.0) and threshold for appreciable harm (1.25).

28,30,24(A,8],39
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pain (seven trials, RR 1.19, 95% CI 0.83 to
1.72), constipation (seven trials, RR 1.42, 95%
CI 0.64 to 3.12) or diarrhea (seven trials, RR
1.88, 95% CI 0.95 to 3.72) (Appendix 7, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503

/emaj.111990/-/DC1).

Sensitivity analysis

When we excluded the two trials in which colds
were experimentally induced,** we found no
significant change in the number of symptomatic
participants at three days and seven days, or in
the incidence of any adverse events and nausea.

Duration of symptoms, d, mean (SD)

Mean difference Favours i Favours
Study Zinc n Placebo n (95% 1) <— zinc | placebo —>
Adults :
Godfrey et al.3¢ 486 (2.69) 35 6.13(2.69) 38 -1.27 (-2.51 to -0.03) =
Mossad et al.3* 52 (2.9) 49 9.3 (5.2) 50 -4.10 (-5.75t0-2.45) |— .
Petrus et al.3> 3.8 (1.4) 52 5.1 (2.8) 49 -1.30 (-2.17 t0 -0.43) == E
Prasad et al.3¢ 45 (1.6) 25 8.1 (1.8) 23 -3.60 (-4.57 to -2.63) . :
Prasad et al.3” 4 (1.04) 25 7.12(1.26) 25 -3.12 (-3.76 to -2.48) == '
Subtotal 186 185  -2.63 (-3.69 to ~1.58) <@
Heterogeneity: 2 = 82% :
Children :
Kurugdl et al 3! 4.7 (0.8) 97 5.3 (0.7) 97 -0.60 (-0.81 to -0.39) = :
Kurugol et al.32 6 (0.74) 60 6 (0.74) 60 0.00 (-0.26 to 0.26) *
Macknin et al 9 (52 125 9 (44) 124  0.00(-1.20 to 1.20) ——
Subtotal 282 281 -0.26 (-0.78 to 0.25) Q
Heterogeneity: 2 = 84% :
Overall 468 466  -1.65 (-2.50 to -0.81) <@
Heterogeneity: 2 = 95% :
Test for subgroup differences: 2 = 15.54, df = 1 (p < 0.0001), /2= 93.6% _'4 _'2 (') é 4'1

Mean difference (95% ClI)

Figure 2: Meta-analysis of the duration of cold symptoms, by age, in randomized controlled trials of oral zinc therapy for the common
cold. A value less than zero indicates a benefit from zinc. Cl = condifence interval, df = degrees of freedom.

Duration of symptoms, d, mean (SD) . )
Mean difference Favours i Favours
Study Zinc n Placebo  n (95% CI) <— zinc | placebo —>
High-dose zinc :
Godfrey et al.3° 4.86 (2.69) 35 6.13(2.69) 38 -1.27 (-2.51t0 -0.03) _'_i
Prasad et al.3¢ 45 (1.6) 25 8.1 (1.8) 23 -3.60 (-4.57 to -2.63) = ;
Prasad et al.3” 4 (1.04) 25 7.12(1.26) 25 -3.12(-3.76 t0 -2.48) = :
Subtotal 85 86  -2.75 (-3.89 to ~1.60) <@ |
Heterogeneity: 2 = 78% :
Low-dose zinc :
Kurugol et al .3 4.7 (0.8) 97 5.3 (0.7) 97 -0.60 (-0.81 to -0.39) L :
Kurugél et al.32 6 (0.74) 60 6 (0.74) 60 0.00 (-0.26 to 0.26) *
Macknin et al.33 9 (52) 125 9 (44) 124  0.00(-1.20 to 1.20) I
Mossad et al.3* 52 (2.9 49 9.3 (5.2) 50 -4.10 (-5.75t0-2.45) |— = :
Petrus et al.3> 3.8 (1.4) 52 5.1 (2.8) 49 -1.30 (-2.17 t0 -0.43) == :
Subtotal 383 380  -0.84 (~1.50 to -0.18) <@
Heterogeneity: 2 = 89% ;
Overall 468 466  -1.65 (-2.50 to -0.81) <@ |
Heterogeneity: 12 = 95% T T T T T
Test for subgroup differences: x2=7.99, df =1 (p = 0.005), 2 =87.5% 4 -2 0 2 4
Mean difference (95% Cl)

Figure 3: Meta-analysis of the duration of cold symptoms, by dose of ionic zinc, in randomized controlled trials of oral zinc therapy for

the common cold. A value less than zero indicates a benefit from zinc. Cl = confidence interval, df = degrees of freedom.
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Interpretation

We found that orally administered zinc shortened
the duration of cold symptoms. These findings,
however, are tempered by significant heterogene-
ity and quality of evidence. Although there was
low-quality evidence that participants receiving
zinc were less likely than controls to be sympto-
matic at one week, there was no difference be-
tween groups in symptom severity or presence of
symptoms at three days. Our findings question
the importance of zinc and suggest that any ben-
efit may be outweighed by adverse events, which

were more common among participants given
zinc than among controls.

Our demonstration of a reduced duration of
cold symptoms (mean difference —1.65 days,
95% CI -2.50 to —0.81) is consistent with the
results of the most recent systematic review."
However, the effect of zinc differed in three sub-
group analyses (by age, zinc formulation and
ionic zinc dose).

Zinc reduced the duration of cold symptoms
in adults; however, the effect was greatly attenu-
ated and not statistically significant among chil-

Duration of symptoms, d, mean (SD) Mean difference Favours | Favours
Study Zinc n Placebo n (95% ClI) <— zinc | placebo —>
Zinc acetate ;
Petrus et al.® 3.8 (1.4) 52 5.1 (2.8) 49  -1.30 (-2.17 to -0.43) -
Prasad et al.36 45 (1.6) 25 8.1 (1.8) 23 -3.60 (-4.57 t0 -2.63) — i
Prasad et al.3 4 (1.04) 25  7.12(1.26) 25 -3.12(-3.76 to -2.48) -
Subtotal 102 97  -2.67 (-3.96 to -1.38) <@ |
Heterogeneity: 2 = 87% :
Zinc gluconate
Godfrey et al.3° 4.86(2.69) 35 6.13(2.69) 38 -1.27(-2.51t0 -0.03) —=
Macknin et al.33 9 (5.2) 125 9 (4.4) 124 0.00 (-1.20 to 1.20) _:F_
Mossad et al.3* 5.2 (2.9) 49 9.3 (5.2) 50 -4.10 (-5.75 to -2.45) — E
Subtotal 209 212 -1.72(-3.89 t0 0.44) o
Heterogeneity: 2 = 87% !
Zinc sulfate
Kurugol et al.3! 4.7 (0.8) 97 5.3 (0.7) 97 -0.60 (-0.81 to —-0.39) 'i
Kurugol et al.32 6 (0.74) 60 6 (0.74) 60 0.00 (-0.26 to 0.26) L]
Subtotal 157 157  -0.31(-0.89 to 0.28) ‘I
Heterogeneity: > = 92% i
Overall 468 466  -1.65 (-2.50 to -0.81) L 3
Heterogeneity: 12 = 95% . T .
Test for subgroup differences: 2= 11.51, df = 2 (p = 0.003), ? = 82.6% -10 -5 0 5 10

Mean difference (95% Cl)

Figure 4: Meta-analysis of the duration of cold symptoms, by zinc formulation, in randomized controlled trials of oral zinc therapy for
the common cold. A value less than zero indicates a benefit from zinc. Cl = confidence interval, df = degrees of freedom.

Severity of symptoms, .
mean score (SD) Standgrdlzed )
mean difference Favours i Favours
Study Zinc n Placebo n (95% CI) <«— zinc E placebo —>
Kurugdl et al .3’ 0.2 (4.92) 97 0.4 (5.9) 97 -0.04 (-0.32 to 0.24) ‘.'
Kurugol et al.32 0.3 (4.64) 60 0.7 (6.97) 60 -0.07 (-0.43 to0 0.29) _.._
Prasad et al.36 2.7 (4) 25 54 (2.88) 23 -0.76 (-1.34to0 -0.17) =1
Prasad et al.3” 3.45 (5) 25 5.61(2.5) 25 -0.54 (-1.10 to 0.03) _'_f
Overall 207 205  -0.27 (-0.58 to 0.05) <
Heterogeneity: 12 = 55% . . . . .
-2 -1 0 1 2
Standardized mean
difference (95% Cl)
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Figure 5: Meta-analysis of the severity of symptoms in randomized controlled trials of oral zinc therapy for the common cold. A value
less than zero indicates a benefit from zinc. Cl = confidence interval.
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dren. Possible explanations include age-related
differences in the host inflammatory responses,*
different viruses involved* with varying abilities
of zinc to inhibit these viruses, and consequences
of third-party reporting of symptoms in children.
Other possible factors include the use of lower
doses of ionic zinc in the pediatric studies, as
well as the use of syrup formulation (v. lozenge)
and less frequent administration (resulting in less
local exposure).

With respect to the dose of ionic zinc and the
zinc formulation, greater reductions in the dura-
tion of symptoms occurred with higher doses
than with lower doses, and zinc acetate reduced
the duration of symptoms whereas the other for-
mulations showed no effect. These findings sug-
gest a possible dose-dependent effect associated
with ionic zinc and is consistent with results of a
previous report showing an association between
the amount of ionic zinc and the magnitude of
clinical response." However, these characteristics
only partially explain between-study differences.

Our review has several other key differences
from the Cochrane review."" First, we used a dif-
ferent approach to estimating means and stan-
dard deviations in trials that reported only medi-
ans.’>¥ In the Cochrane review, the authors
calculated the means and standard deviations by
assuming that the 95% Cls presented around the
medians also reflected 95% ClIs around the
means." However, this approach resulted in one
trial estimate showing a significant difference
between the zinc and placebo groups,” a finding
inconsistent with the authors’ conclusion of no
difference. In contrast, our approach enabled
inclusion of effect estimates in the meta-analysis
that were qualitatively consistent with the trial
conclusions.

Finally, we included additional trials,
obtained additional data from study authors and
corrected data that had been incorrectly extracted
from one trial.” For the primary outcome, we
were able to obtain data from eight studies, as
compared with six studies in the previous review.
We also included two additional trials that had
previously been excluded because they were not
considered to be randomized trials.* However,
the methods described appeared appropriate for
inclusion, and we confirmed the methodology
with the author. These two trials may have influ-
enced the outcome, because they showed no
effect.”

Limitations

The limitations of our review predominantly
relate to the large heterogeneity that remained
unexplained despite exploration of several sub-
groups a priori and the quality of reported sum-
mary data. Assumptions were made to calculate
the means and standard deviations of several trial
estimates, and all studies were industry funded.
Although the trials reported double blinding,
ineffective blinding related to taste of the pla-
cebo may have contributed to bias. Finally, the
majority of trials were conducted in developed
countries.

Conclusion

We found moderate quality of evidence to sug-
gest that orally administered zinc reduces the
duration of symptoms of the common cold. How-
ever, the evidence of benefit was limited to adults,
and even in this patient group, uncertainty re-
mained about its clinical benefit. Although oral
zinc treatment may attenuate the symptoms of the
common cold, large high-quality trials enrolling

Adverse events, n/N
Favours i Favours
Study Zinc Placebo Risk ratio (95% Cl) <— zinc ; placebo —>
Eby et al.28 20/37 5/28 3.03 (1.30 to 7.07) ; -
Godfrey et al.30 12/35 11/38 1.18 (0.60 to 2.33) _IL'_
Kurugol et al.3! 35/100 33/100 1.06 (0.72 to 1.56) —:'—
Kurugdl et al.2 15/60 16/60  0.94 (0.51t0 1.72) ——
Macknin et al.33 109/124 99/125  1.11(0.99 to 1.24) [ ]
Mossad et al.34 44/49 31/50 1.45 (1.14 to 1.83) ;"
Turner et al. (A)# 52/205 17167 1.00 (0.62 to 1.60) _f_
Turner et al. (B)* 34/208 7171 1.66 (0.77 to 3.57) _i_'_
Weismann et al.3° 21/61 15/69 1.58 (0.90 to 2.79) ——
Overall 342/879 234/608  1.24 (1.05 to 1.46) E‘
Heterogeneity: 12 = 37% T | T
0.02 0.1 1 10 50
Risk ratio (95% CI)

Figure 6: Meta-analysis of adverse events in randomized controlled trials of oral zinc therapy for the com-
mon cold. A risk ratio less than zero indicates a benefit from zinc. Cl = confidence interval.
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adults and children are needed. Future trials
should be designed to maximize the tolerable
doses of bioavailable zinc with a balanced con-
sideration toward potential dose-related adverse
effects. Until further evidence becomes available,
there is only a weak rationale for physicians to
recommend zinc for the treatment of the common
cold. The questionable benefits must be balanced
against the potential adverse effects.
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