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Acute respiratory infections are a major cause of morbidity and mortality in children

supplementation, have been explored as potential treatments for these infections.

However, the evidence on their efficacy is limited and inconclusive. This systematic re-
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view and meta-analysis aim to provide a comprehensive summary of the available evi-

respiratory tract infections in children. A systematic review was conducted accord-
ing to the PRISMA 2020 guidelines in April 2022 and updated in April 2023. Clinical

trials focusing on dietary or nutritional interventions, including supplementations, in
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MILANI ET AL.

children with acute respiratory tract infections were included. The selection of inter-
ventions and outcomes was based on biological plausibility. Data were extracted using
a standardized form, and the risk of bias was assessed using the Cochrane Risk of Bias
Tool. Meta-analysis was performed using random-effect models. A total of 50 studies
were included in the review. Four trials were conducted in low, 32 in lower-middle, 12
in upper-middle, and only two in high-income countries. The studies evaluated various
dietary interventions, including zinc, vitamin A, vitamin E, vitamin D, and probiotics.
The results of individual studies on the efficacy of these interventions were mixed,
with some showing positive effects on clinical outcomes such as duration of symp-
toms, while others showed no significant impact. Meta-analysis was conducted for
zinc supplementation in children with pneumonia, and the pooled results suggested
a potential limited benefit in terms of reduced hospital length of stay but not time to
recovery. Meta-analyses on vitamin D did not show any effect in children with pneu-
monia. This systematic review fills a critical gap in the literature by synthesizing the
available evidence on the efficacy and safety of nutritional or dietary interventions
for acute respiratory tract infections in children. The findings indicate no dietary or
nutritional intervention can currently be recommended for the routine treatment of
respiratory tract infections in children based on single supplement studies. The meta-
nalysis suggests that zinc supplementation might have a beneficial effect on length of
hospitalization in children with pneumonia. New studies are needed to establish more
conclusive evidence for pediatric acute respiratory diseases especially for children

living in a context of high-income countries.

KEYWORDS
acute respiratory tract infections, childhood, diet, nutrients, supplementation, treatment

1 | INTRODUCTION

Acute respiratory infections are one of the leading causes of mor-
bidity and mortality in children, particularly in low- and middle-
income countries.”? Despite the availability of antibiotics and
vaccines to prevent and treat acute respiratory infections, the
disease burden remains high in both resource-limited and high-
income countries.>*

Diet plays a significant role in the pathophysiology of infections
in children.’ Dietary interventions can boost the immune system,
prevent malnutrition, and reduce the risk of infection.® Conversely,
poor dietary habits, such as consuming inadequate amounts of pro-
tein, essential vitamins, and minerals, can lead to increased suscepti-
bility to infections and worsen the severity of acute respiratory tract
infections.’

Interventions such as vitamin A supplementation, micronutrient
fortification, probiotics, and zinc supplementation have been pro-
posed as an additional approach to treat respiratory infections.®
However, the evidence base for the efficacy of these interventions
is limited and inconclusive.”**

To address this gap, we conducted a systematic review and
meta-analysis on the use of nutritional and dietary interventions for

treating children with acute upper or lower respiratory infections.
The primary aim of this study was to identify and summarize avail-
able literature on this topic. The secondary aims were to provide
evidence-based recommendations for healthcare providers and to
suggest future research areas on this topic.

2 | METHODS

We performed a systematic review according to PRISMA 2020 guide-
lines.?? The study protocol was pre-registered (CRD42022328700).
To ensure the highest level of evidence, we specifically focused
on clinical trials (including randomized controlled trials, quasi-
randomized controlled trials, and controlled clinical trials) on nutri-
tional intervention conducted in subjects below 18 years of age with
symptoms suggestive of an acute respiratory infection. The selec-
tion of nutrients (micronutrients, macronutrients, prebiotics, and
probiotics) and of the dietary regimens was based on their biological
plausibility.® Furthermore, only trials written in English evaluating
clinical outcomes as primary or secondary endpoints were consid-
ered. There was no restriction regarding the date of publication
and the geographical area where the study was conducted. Trials
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employing herbal medicines or exclusively focusing on a symptom
instead of a disease (e.g., cough) or trials providing dietary interven-
tion to prevent or before the onset of acute respiratory tract infec-
tions were excluded. Studies reported as letters or abstracts or not
conducted in human subjects were also ruled out.

After the systematic review, we planned to perform a meta-
analysis when at least three studies assessed the same intervention
(independently from the dose or duration of the intervention) in
children on strong outcomes (time to recovery, length of hospital
stay, or mortality). To reduce heterogeneity, studies without a well-
defined diagnosis (e.g., studies just reporting “lower respiratory tract
infection” instead of bronchitis, bronchiolitis, or pneumonia) were

not included in the meta-analysis.

2.1 | Literature search

The literature search was conducted on April 15, 2022, and up-
dated on April 30, 2023, through the following databases: PubMed,
Excerpta Medica, and Web of Science. The detailed search strategy
for each database is reported in the Appendix S1. Pairs of review-
ers conducted the study selection and controversies were solved
involving a third researcher. Rayyan was used to manage articles to
be included or excluded.** Explanations for the exclusion of studies

during the full-text screening phase were recorded.

2.2 | Data extraction

An Excel-based data extraction form was used, which allowed
pairs of reviewers to extract pertinent data from the selected stud-
ies independently. To ensure its effectiveness, the data extraction
form was evaluated and improved prior to being employed for the
complete data extraction process. In cases of disagreement in data
extraction between reviewers, this was resolved via discussion or
involving a third reviewer. The following data were extracted: first
author's name, year of publication, country of the study, number of
arms of the trial, type (if any) of blindness, the period when the study
was performed, study population (including demographics, presence
of comorbidities, nutritional status, and the respiratory condition),
recruitment procedures, number of recruited subjects and of those
who completed the study, nutritional intervention (including type,
dose, and duration), adverse reactions, clinical outcomes (and meth-
ods for its assessment), and duration of follow-up. The income of the
country where the study was conducted was defined according to
the 2022-2023 World Bank classification.'

2.3 | Assessment of risk of bias
The Cochrane Risk of Bias Tool was utilized to evaluate the Risk

of Bias (ROB) of the included studies. Two reviewers worked inde-
pendently in pairs to conduct the assessment process, while any

discrepancies were resolved through discussion. Revman 5.3 was

used to generate figures for the summary risk of bias.

2.4 | Data analysis

Characteristics of the included studies were reported using descrip-
tive tables. Furthermore, in cases where a meta-analysis was not
feasible, we conducted a narrative synthesis of the pertinent evi-
dence. For interventions and outcomes where a meta-analysis was
feasible, random-effect models were used. Standardized mean dif-
ference and 95% confidence interval were pooled and summarized
as proposed by Harrer et al.!® In the case of studies not reporting
outcomes as mean and standard deviation (e.g., studies providing re-
sults as non-parametric summary statistics), data were imputed ac-
cording to the strategies proposed by Luo et al.'” and by Shi et al.}®
Statistical heterogeneity was measured by 72 (tau squared) and
the “SJ” algorithm, I? (I squared) and Cochrane's Q test. Individual
standardized mean difference (SMDs), pooled SMD, and hetero-
geneity results were visualized with the forest plot presenting the
calculated effect size along with a 95% confidence interval of each
included paper. Additionally, the method's heterogeneity statistics
are provided. Funnel plots were used to check for publication bias.
The corresponding p-Curve plots were also generated. In the case of
Cochrane's Q test, a statistical significance was indicated if p<.05.
R-lang with the assistance of the RStudio IDE (R version 4.1.22021-
11-01, RStudio version 2021-09-1 + 372) were used.

2.5 | Grading of evidence

The certainty of evidence (high, moderate, low, and very low) ob-
tained through the meta-analysis was rated using the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE).

3 | RESULTS
3.1 | Systematic review

Atotalof4471articleswerescreened(Figure 1). Afterliteraturescreen-
ing, 50 articles published between 1996 and 2022 were retained for

the systematic review.'?"8 The studies were conducted in the follow-

ingcontinents: 33in ASia,22'26’27'29'31_33’35_41’43’45'47_54’57_62’65_67 eight

in Africa,23'25*34"‘2"‘4’55’63"{’8 five in South Americe1,2o'21'24*28’46 two in

56,64 0

North America, one in Central America,'? and one in Oceania.®

Four trials were conducted in low income,?>3342%5 32 in lower

middle income,22‘23'26'27'29'31'32'35'41’43'45'47'50’52'54'57'60'63'65'66'68

19,21,24,28,34,46,51,56,58,59,64,67

12 in upper middle income, and two

20.30 countries (Table S1). The trials enrolled a total

in high-income
of 16,342 patients. The studies were mostly double-blinded ex-

cept for two single-blinded,**¥ two triple-blinded®®>® and three

85US017 SUOWILLIOD 3RO 3|l dde 8Ly Ag pauienoh a8 s3jolfe YO ‘8SN J0 S3InI 0 ARIq1T 8UIUQ /8|1 UO (SUORIPUOD-PUR-SLLBYWI0D" A8 1M A RR1q 1 BU1IUO//SARY) SUORIPUOD PUe SWB L 83U} 89S *[7202/€0/.0] Uo ARIqIT 8UlUO 8|1 ‘OUR|IN IQBISRAIUN AQ L66ST IR/TTTT OT/I0p/W00 A3 | 1M A1 1 BUIIUO//SARY WO} papeo|umoq ‘0 ‘G66686€T



MILANI ET AL.

FIGURE 1 Flow chart of study
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that were not blinded®°2%® In four studies, blindness was not
spech‘ied.47'49'57'65 All trials included two arms, except for four,
which included more than two arms.?-3960:6¢ A total of 44 stud-
ies dealt with children affected by infections of the lower respira-
tory tract,1%21733:35-50,52-63.66.68 39 \were specifically focused on

21-24,26,28,29,32-35,37-51,53-57,59-63,65,68 one

6

children with pneumonia,
on bronchiolitis and pneumonia? and one on bronchiolitis alone.®
One study focused on children affected by pharyngitis, tonsillitis,
and pharyngotonsillitis,®* one study included children with upper
or lower respiratory tract infections,®” and one trial included chil-
dren with respiratory diseases associated to respiratory syncytial
virus.?% One trial included only HIV children with pneumonia®* and
one only children with low levels of zinc at baseline and affected by
pneumonia.51

received zinc in 26 tri-
19,20,22-24,28

The intervention group

aIs,26’29’32’35'39’41’49’51’53’59'62*65 vitamin A in six, vitamin
33,40,50,52,61,63

C and E in one,®! vitamin D in six, and probiotics or pre-

biotics in two.®*%” Zinc and vitamin A were concurrently evaluated

2| | (=94
=
o
g
A v
Reports excluded (n = 46):
Reports assessed for eligibility o
(n=94) "
Not in children (n = 9)
- Reports included after literature
b update on April 2023 (n = 2)
—/
\4
Studies included in review
(n=50)
: '
)
kS
E Studies included in meta-analysis:
= Zinc (length of hospital stay), n =
16
Zinc (time to recovery), n =10
Vitamin D (length of hospital stay),
n=3
Vitamin D (time to recovery), n =3
| S——

27,30,68 | 60
’

in three trials, zinc or probiotics in one trial,”” vitamin A and

2125 3nd zinc and vitamin D in one trial.®® A multi-

E in two trials,
micronutrients supplementation was used in one study.®*

The majority of trials on zinc tested a daily dose of
20mg.26:27:29.32,35,36,41,43,46,48,49,53,57.66 Nine trials tested different
daily doses (between 10 and 20 mg) of zincaccording to age (<6 months

vs. older subjects®® or <12 months vs. older subjects®”3742:47:56:62,68)

Two trials tested a daily dose of 10mg,*?>° two of 15mg,>®>?

one
of 2mg/kg,%® and one of 5mL (dose in mg not specified).*® In one
trial, it was reported that the zinc dose was in accordance with the
WHO recommendations.®® Three trials tested vitamin A doses of
100,0001U (for subjects aged < 12 months) and 200,0001U (for older
subjects).? 2! One trial tested vitamin A dose of 200,0001U (for sub-
jects aged <12months) and 400,0001U (for older subjects).22 One
trial provided vitamin A 100,0001U for infants aged <1year on the
first day and 50,0001U on the second day, whereas 200,0001U for
older children on the first day and 100,0001U on the second day.24

One trial tested uniquely a dosage of 100,0001U of vitamin A.?°
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One trial tested a daily dose of 200 mg of vitamin E plus 100 mg of
vitamin C.3! Four trials tested a vitamin D dose 100,000 1U.33:50:52,63
One trial tested a daily vitamin D dose of 10001U (for subjects aged
<12months) and 20001U (for older subjects).*® One trial tested
vitamin D 20,0001U in children<émonths, 50,0001U in children
6-12months, and 100,000 in children 13-59 months on first day
followed by 10,0001U daily for all participants.®® One trial tested
1001U/kg daily of vitamin D.%® Dosages of multi-micronutrient, pro-
biotics, or prebiotics are reported in Table S1. All studies provided
a placebo in the control group except for six studies which did not
provide any supplementation.#”:51:52:60:66:68 | one trial, patients in
the control group received either placebo or no supplementation.®’

No information on the nutritional status at baseline was reported
in eight trials on Zinc 4> 4774951,54.57.62 L g\wever, data on nutritional
studies and definition of malnutrition largely varied in the remaining
studies on zinc (Table 1). No information on the nutritional status at
baseline was reported in three trials on vitamins.2%3%%% However,
similarly to studies on zinc, data on nutritional studies and definition
of malnutrition in trials testing the effects of vitamins largely varied
in the remaining studies. Baseline data about the nutritional status of
participants and of circulating values of the micronutrients supple-
mented in the trials are provided in detail, when available, in Table 1.
Although the adverse reactions investigated in the original studies
largely varied among trials and sometimes were not addressed at

all, most studies did not detect any relevant safety issue (Table S2).

3.1.1 | Synthesis of the results

Trials on zinc
Results from trials gauging the effects of zinc supplementation were
not consistent.

A few trials including patients with pneumonia found some ben-
eficial clinical effects from zinc supplementation on signs, symp-

toms, or time to recovery (n=17),26:38:45:47-49.54-56,59.62.65.68 |aygtp

) 32,38,45,48,49,54,57,68 ) 42
i .

of hospitalization (n=8 and fatality rate (h=1
One trial found some beneficial clinical effects from zinc supplemen-
tation on time to recovery and length of hospitalization in patients
affected with lower respiratory tract infections.”® On the contrary,

29,35,37,39,41,43,44,46,51,53 and one

10 studies in patients with pneumonia
study in patients with lower respiratory tract infections®¢ found no
clinical effects of zinc supplementation. Similarly, one study supple-
menting zinc in combination with vitamin A in patients with lower re-
spiratory tract infections did not find any beneficial clinical effect.%°

The geographical origin of the studies finding beneficial
clinical effects from zinc supplementation (n=14, 78%, from
Asia, 26:27,32,38,4547-49.54,57-5962.65 | _ 3 179 from Africa, 25568
and n=1, 5.5%, in North America®®) was similar to that of stud-
ies which did not find any beneficial effect (n=10, 77%, from
Asia,2735-37.394143.5L5366 n_ 1 77%, from Africa,** n=1, 7.7%,
from South America*® and n=1, 7.7%, from Oceania3°). The in-
come country where studies were conducted was also simi-

lar. Among studies finding beneficial clinical effects from zinc

supplementation, 13 (72%) were conducted in lower-middle income
countries,26:27:32:38:45:47-49,54,57.62,65.68 thrae (17%) in upper middle-

56,58,59

income and two (11%) in low income countries.*?° Among

studies that did not find any beneficial clinical effect, 10 (77%) were
conducted in lower-middle income countries,??:35-37:39:41:43.44.53.66
two (15%) from upper middle countries**>! and one (7.7%) in a high-

income country.30

Trials on vitamins

One study found a positive effect of vitamin A on time to recovery
from pneumonic effusion and duration of hospitalization in children
affected by pneumonia.’® Only one further trial found positive ef-
fects of vitamin A on symptoms and duration of hospitalization in a
subgroup analysis including children with respiratory illness associ-
ated to respiratory syncytial virus and oxygen saturation level < 90%
in room air.2° Three studies on vitamin A in children affected by lower
respiratory tract infections (including also pneumonia and bronchi-
olitis) did not identify any relevant positive effect'”?”°° and one on
children with pneumonia did not find any positive effect except for
the length of hospitalization in moderately malnourished children.??
One trial found that children with pneumonia supplemented with vi-
tamin A had a negative effect on clinical signs and symptoms.24 One
trial evaluating vitamins A and E in subjects with pneumonia found
a positive effect on the occurrence of fever on Day 3 and response
to the first-line antibiotic treatment, but no effect on duration of
the underlying pneumonia.?* A further trial on vitamin A and E in
children with lower respiratory tract infections found no difference
in the duration of hospitalization and of fever.?’ Most studies evalu-
ating vitamin D and E did not identify any clear clinical effects in
children with lower respiratory tract infections (including pneumo-
nia).31'33'40'50'52""1'66 In one trial, children affected with pneumonia
and receiving vitamin D experienced a longer length of hospitaliza-

tion compared to those receiving a placebo.63

Trials on probiotics and prebiotics

One trial evaluating the effect of Limosilactobacillus reuteri found a
positive effect on clinical signs and symptoms of children with phar-
yngitis, tonsillitis, or pharyngotonsillitis.®* On the contrary, another
trial evaluating a mixture of prebiotics and probiotics found no clini-
cal effect on clinical signs and symptoms and length of hospitaliza-
tion of children with pneumonia.®®

Trial on multi-micronutrient
In a trial evaluating the effect of a multi-micronutrient supplementa-
tion in children with pneumonia, no effect on the duration of hospi-

talization was observed.®*

3.1.2 | Quality assessment

A total of 12 (24%) studies presented a low risk of

36,38,43,50,52,53,55,58,59,61-63,66 28 (56%)

bias, some con-

cernsl9721,23729,31,32,34,35,37,39742,44746,48,49,54,57,60,67 and 10 (20%) a
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high risk of bias.?230:3347.51,53,56,64,65.68 Fio\re 2 presents the sum-
mary of quality assessment for studies employing an intention to
treat and per protocol approach. The details of the quality assess-
ment of each study are provided in the Appendix S1 (Figure S1).

3.2 | Meta-analysis

Two meta-analyses testing the effect of zinc (on length of hospitali-
zation of children with pneumonia, respectively, on time to recovery
of children with pneumonia) and two meta-analyses testing the ef-
fect of vitamin D (on length of hospitalization of children with pneu-
monia, respectively, on time to recovery of children with pneumonia)

were performed.

Zinc
The first meta-analysis (Figure 3) included 16 stud-
10526:29,32.38,41,44,4749,51,56-58,60,62.65 14 woo focused on  the

length of hospitalization of children with pneumonia. A differ-
ence in favor of zinc versus placebo (SMD -0.44 (-0.87; -0.01)

days) was found. The second meta-analysis (Figure 4) included 10

29,32,38,41,43,48,49,53,56,58,65

studies and was focused on the time to re-

covery of children with pneumonia. No relevant difference between
zinc and placebo was observed (-0.24 [-0.63; 0.14]). A heterogeneity

Intention-to-treat

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

0% 10% 20% 30% 40% 50% 60%

Low risk Some concerns M High risk

Per protocol

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

0% 10% 20% 30% 40% 50% 60%

Low risk Some concerns M High risk

>90% was observed in both meta-analyses. The p-curve plots of the
two meta-analyses are shown in Figures S2 and S3 (Appendix S1) and
showed that p-curve plots are right-skewed as expected when the
studies measure a true effect. Sub-analyses limited to studies with
low risk of bias showed no significant effect of zinc on length of hos-
pitalization (Figure S4) and time to recovery (Figure S5) in children
with pneumonia and a marginally reduced heterogeneity. The fun-
nel plots of risk of publication bias are reported in the Appendix S1

(Figures S6 and S7) and showed no evident risk for such bias.

Vitamins

40,50,63 and

The first meta-analysis (Figure 5) included three studies
was focused on length of hospitalization of children with pneumonia.
A heterogeneity >70% was found. No difference between vitamin D
and placebo was observed on length of hospitalization (0.17 (-0.50;
0.83) days). Similarly, a second meta-analysis (Figure 6) including

33:40.50.61 and focusing on time to recovery of children

four studies
with pneumonia did not find any significant difference between vi-
tamin D and placebo on time to recovery (-0.07 (-0.30: 0.17) days).
A low heterogeneity was observed (<20%). Funnel plots of risk of
publication bias are reported in the Appendix S1 (Figures S8 and S9)
and showed no evident risk for such bias.

The GRADE results for each of the meta-analyses pointed out a

certainty between low and moderate (Tables S3-5S6).
]
|
|
|

70% 80% 90% 100%

FIGURE 2 Domain and overall risk of
bias score (green: “low risk,” yellow: “some
concern” and red: “high risk of bias”) of
intention to treat (upper panel) and per
protocol (lower panel) studies included
within the systematic review. Results

are reported as percentage of the total
number of papers of both the groups
(“Intention to treat” and “Per protocol”).

70% 80% 90% 100%
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FIGURE 3 Meta-analysis and forest
plot about pooled standardized mean
difference of length of hospitalization

in children with pneumonia treated with
zinc or placebo. The area of the squares
indicates the weight of each study in the
analysis.

FIGURE 4 Meta-analysis and forest
plot about pooled standardized mean
difference of time to recovery in children
with pneumonia treated with zinc or
placebo. The area of the squares indicates
the weight of each study in the analysis.

Source

Source SMD (95% CI) favours intervention favours control
Brooks WA et al 2004 -0.80 [-1.11; -0.48] - L.

Bose A et al 2006 0.21 [-0.02; 0.43]

Coles C et al (Suspected nonbacterial) 2007 -0.61 [-0.88; -0.34] E 3

Coles C et al (Suspected bacterial) 2007 0.43 [-0.05; 0.90] e

Valavi E t al 2011 -0.90 [-1.27; -0.53] -

Shah GS et al 2012 0.21 [-0.16; 0.57] -

Fataki MR et al 2014 0.38 [-0.03; 0.79] N
Shehzad N et al 2015 -2.93 [-3.26; -2.61] B =

Ayub MR et al 2015 -1.40 [-1.84; -0.96] B

Manohar B et al 2015 -0.65 [-1.04; -0.26] —i-

Yuan X et al 2016 0.38 [-0.08; 0.85] il
Acevedo-Murillo JA et al 2019 -0.43 [-0.82; -0.04] -

Laghari SG et al 2019 -0.49 [-0.89; -0.10] —-
Rerksuppaphol L et al 2020 -0.72 [-1.15; -0.30] B B

Binesh S et al 2021 0.19 [-0.23; 0.60] f
Hashemian H et al 2021 -0.04 [-0.40; 0.32]

Ahmad K et al 2022 -0.25[-0.53; 0.03] i

Total -0.44 [-0.87; -0.01] —

Prediction interval [-2.23; 1.35] [ | f—l |

-4 -3 -2 -1 0 1 2
SMD (95% Cl)
Heterogeneity: Xfe =355.46 (p <.001), 1= 95%

Source SMD (95% ClI) favours intervention favours control
Bose A et al 2006 0.34[0.11; 0.56] i

Coles C et al (Suspected nonbacterial) 2007 0.45[0.18; 0.72]

Coles C et al (Suspected bacterial) 2007 0.37 [-0.10; 0.85] ;

Valavi E et al 2011 -0.74 [-1.11; -0.38] i

Shah GS et al 2012 -0.16 [-0.53; 0.20]

Wadhwa N et al 2013 0.06 [-0.12; 0.23]

Shehzad N et al 2015 -1.43 [-1.68; -1.18] R 3
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FIGURE 5 Meta-analysis and forest plot about pooled standardized mean difference of length of hospitalization in children with
pneumonia treated with vitamin D or placebo. The area of the squares indicates the weight of each study in the analysis.

Source

SMD (95% CI) favours intervention favours control

Manaseki-Holland S et al 2010 -0.09 [-0.28; 0.10]
Choudhary N et al 2012

Gupta P et al 2016

Chowdhury F et al et al 2021 -0.24 [-0.53; 0.05]

Total
Prediction interval

0.15 [-0.14; 0.45]
-0.07 [-0.30; 0.15]

-0.07 [-0.30; 0.17]
[-0.68; 0.54]

-4 -3 -2 -1 0 1 2
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Heterogeneity: x5 = 3.60 (p = .31), I°=17%

FIGURE 6 Meta-analysis and forest plot about pooled standardized mean difference of time to recovery in children with pneumonia
treated with vitamin D or placebo. The area of the squares indicates the weight of each study in the analysis. The red bar in a forest plot

stands for the 95% prediction interval.

4 | DISCUSSION

affected by a respiratory tract infection. This review provides at

least four relevant findings: (1) no supplementation was found to be

This is the first systematic review comprehensively investigating the consistently effective; (2) most trials evaluated zinc supplementa-

potential effect of nutritional and dietary interventions in children tion; (3) no trial on the effect of dietary habits modification on the
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course of acute respiratory infections clinical course was found; (4)
almost all studies were conducted in low, lower middle, and upper
middle-income countries.

A recent meta-analysis evaluating the potential of zinc supple-
mentation to prevent infectious diseases in childhood did not iden-

.22 The data from our systematic

tify any consistent positive effec
review showed mixed results. Some studies reported beneficial ef-
fects on signs, symptoms, duration, and length of hospitalization for
lower respiratory tract infections, while others found no significant
effects. The two meta-analyses indicated a marginal effect of zinc
supplementation on the length of hospitalization (Level of evidence
low) but no effect on time to recovery in children with pneumonia
(Level of evidence moderate). However, when limiting the meta-
analyses to low risk of bias trials, no significant effect was observed
for both outcomes. These data are consistent with the results of pre-
vious literature analyses that did not identify any relevant effect of
zinc.*”7% All together these data do not support the routine use of
zinc to treat children with pneumonia worldwide. Similarly, the few
available trials evaluating vitamins A, D, and E did not consistently
demonstrate positive clinical effects on acute respiratory tract
infections.

The potential of probiotics in the management of infections has
received increasing attention,”’2 due to the interplay between
the intestinal microbiome and the immune system.”® However,
our results point out that data on the treatment of pediatric acute
respiratory infection are very limited. The trial on probiotics
(Limosilactobacillus reuteri) showed some positive effects on clin-
ical signs and symptoms of children with respiratory conditions,®*
while the trial on a mixture of prebiotics and probiotics did not
show any clinical benefits for children with pneumonia, suggest-
ing that bacterial strain-specific properties may be important for
in vivo effects.®®

The current analysis highlights some gaps in the literature.
Recent data point out that ketogenesis might reduce the burden
of viral infections such as SARS-CoV-2747% and intermittent fast-
ing might be effective to treat affected patients.”® However, we
were not able to identify any trial investigating the role of dietary
regimens during childhood respiratory infections. Similarly, al-
though some data suggest that polyunsaturated fatty acids might
be effective in preventing respiratory infections, no trial evalu-
ated these compounds on children with respiratory infections.””
A further gap in the literature is that most available studies deal
with pneumonia or, more in general, lower respiratory tract infec-
tion. Although bronchiolitis is the main cause of hospitalization in
Western countries during the first 2years of life, only one study
evaluated the potential of dietary supplementation in this con-
dition.'? These findings are in line with the fact that no specific
dietary recommendation is available for weaned infants affected
with bronchiolitis managed in the outpatient setting or in a reg-
ular ward.”®”? Furthermore, only one trial was focused on upper
respiratory tract infections. Only few studies adjusted their re-
sults in view of the baseline nutritional status of the participants.
The majority of studies were conducted in low or limited-resource

countries. It is possible that the relevant frequency of malnour-
ishment in these countries might have played a role in the trials.®°
Therefore, the findings of this study cannot be extrapolated to the
whole pediatric population. The occurrence of adverse reactions
was not homogenously and systematically addressed. Finally, in-
vestigating the potential of adhering to an immune-supportive
diet—rich in fiber intake and low in ultra-processed foods—to in-
duce positive effects on the interaction between microbiota and
immune health is both challenging and promising.gl'82

This systematic review has limitations. The available evidence
was limited and heterogeneous, and the quality of the included
studies varied. We were able to pool data only for two types of
interventions in children with pneumonia. Although homogenous
outcomes were considered, their definitions might partially vary
among studies. It was not possible to conduct separate analyses
according to the nutritional status of children. The small number
of studies out of those on zinc or vitamin D supplementation pre-
vented us from conducting meta-analyses for other dietary inter-
ventions. The heterogeneity observed in the meta-analyses was
relevant for most of the analyses. The variations in dosage regi-
mens and outcome measures may contribute to the differences
in results and hinder the ability to draw definitive conclusions.
Additionally, the small number of studies included in the meta-
analyses on vitamin D limited the statistical power and precision
of the pooled estimates.

In conclusion, this review points out that no nutritional or di-
etary intervention can be currently recommended for the routine
treatment of respiratory tract infections in children. On the other
hand, zinc supplementation might have a beneficial effect on
length of hospitalization in children with pneumonia. Further re-
search is needed to establish more conclusive evidence especially
for well-nourished children living in a context of high-income

countries.
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