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Background: Preventing respiratory tract infections (RTls) could have profound effects on quality of life, primary care
workload, antibiotic prescribing and stewardship. We aimed to identify factors that increase and decrease RTl acquisi-
tion within Organisation for Economic Cooperation and Development (OECD) member countries.

Methods: Systematic search of Medline, Embase, Cochrane and ISI Web of Knowledge for studies conducted up to
July 2020 reporting predisposing factors for community RTI acquisition. Pooled odds ratios were calculated using a

Results: 23 studies investigated risk factors associated with community-acquired pneumonia (n=15); any RTI (n =4);
influenza like illness (n=2); and lower RTI (n=2). Demographic, lifestyle and social factors were: underweight BMI
(pooled odds ratio (OR;, 2.14, 95% Cl 1.58 t0 2.70, p=0.97); male sex (OR;, 1.30, 95% CI 1.27 to 1.33, p=0.66); contact
with pets (OR;, 1.35,95% Cl 1.16 to 1.54, p=0.72); contact with children (OR;, 1.35,95% CI 1.15 to 1.56, p=0.05); and
ex-smoking status (OR,, 1.57,95% CI 1.26 to 1.88, p=0.76). Health-related factors were: chronic liver condition (OR,
1.30,95% CI 1.09 to 1.50, p=0.34); chronic renal condition (OR, 1.47,95% CI 1.09 to 1.85, p=0.14); and any hospitali-
sation in previous five years (OR,, 1.64, 95% CI 1.46 to 1.82, p=0.66).

Conclusions: We identified several modifiable risk factors associated with increased likelihood of acquiring RTIs in
the community, including low BMI, contact with children and pets. Modification of risk factors and increased aware-
ness of vulnerable groups could reduce morbidity, mortality and antibiotic use associated with RTls.
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Background

Respiratory tract infections (RTIs) are the single most
common infections seen in primary care, and a major
contributor to the overall burden of disease worldwide.
In the UK, respiratory illnesses cost the NHS around £3
billion annually, including £1.7 billion in morbidity costs

*Correspondence: ashley.hammond@bristol.ac.uk

! Centre for Academic Primary Care, NIHR School for Primary Care
Research, Bristol Medical School, University of Bristol, Canynge Hall, 39
Whatley Road, Bristol BS8 2PS, UK

Full list of author information is available at the end of the article

B BMC

such as hospital admissions and antibiotic prescriptions
[1]. RTIs are the reason for between 300 and 400 gen-
eral practice consultations per 1000 registered patients
per annum [2], and can cause considerable morbid-
ity to patients including loss of earnings due to sickness
absence [3]. In 2016 it was reported that coughs and colds
were the most common reasons for sickness absence in
the UK, accounting for 34 million days lost [4]. Globally,
respiratory infections cause considerable burden; in 2021
the Global Burden of Disease study reported that upper
respiratory infection incidence accounted for 42.83% of
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cases from all causes between 1990 and 2019, and high-
lighted the need for further research in the prevention
and treatment of respiratory infections worldwide [5].

On average, adults will have between two and five RTIs
annually, usually the common cold or upper respiratory
infections [6]. RTIs are also the most common indica-
tions for antibiotic prescribing [7], accounting for around
60% of all antibiotics prescribed in primary care, despite
rarely providing patient benefit [8—10].

We are currently in the midst of a global coronavirus
(COVID-19) pandemic, a respiratory virus, responsible
for more than 1 million deaths worldwide [11]. There is a
need to explore the ways in which RTIs can be prevented,
thus reducing the number of consultations in primary
care, avoid potentially unnecessary antibiotic use, and to
be better prepared for future respiratory pandemics.

This systematic review and meta-analysis aims to iden-
tify the factors increasing and decreasing the risk of
acquiring respiratory infections in communities within
OECD member countries. Their identification could
allow targeting of interventions to reduce the burden of
RTIs and other common community-acquired infections.

Methods

Search strategy and selection criteria

We searched Medline, Embase, Cochrane and ISI Web
of Knowledge for articles published in any language
between January 1946 and September 2020. Medline and
Embase were searched using Ovid interrogation software.
MeSH terms for these databases included “respiratory
tract infections’, “community-acquired infections” and
“primary health care” MeSH terms were combined with
text word searches which included “cough’;, “pneumonia’;
“chest infection’, “influenza’, “acute illness”, “family prac-
tice” and “risk factors” Grey and unpublished literature
was searched for using ISI Web of Knowledge software
and included journal articles, patents, websites, con-
ference proceedings, government and national reports
and open access material. Reference lists of selected key
papers were screened and authors who appeared multi-
ple times were contacted to request details of any rele-
vant published or unpublished work. All full-text papers
were subject to citation searches. See Additional file 1:
Table S1 for full search strategy. We chose not to include
studies related specifically to COVID-19, as we feel this
warrants a separate review once more data on COVID-19
are available.

One reviewer screened all titles and abstracts, which
were then subject to a double-screen check by a second
reviewer. Population, Intervention, Comparator, Out-
come and Study design (PICOS) criteria were used for
inclusion and exclusion decisions, outlined in Additional
file 1: Table S2. Studies were eligible for inclusion if they
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were quantitative and reporting individual or popula-
tion-level identified risk factors for acquiring a RTI in
the community. All eligible studies were conducted in an
Organisation for Economic Co-operation and Develop-
ment (OECD) member country as there is some variation
in risk of acquiring RTIs in less developed, non-OECD
countries which would make it difficult to compare our
findings [12]. To avoid duplication of work, studies which
had been included in a previous systematic review con-
ducted within the last 10 years which investigated one
specific predisposing factor only to RTT acquisition, such
as smoking, were excluded.

Data extraction and quality assessment

Full text papers for all eligible studies were obtained and
data extracted by two independent reviewers (Ham-
mond, Halliday) using a purpose-built spreadsheet,
with each reviewer blinded to the others screening/data
extraction. Where provided, the following information
was extracted for all papers: author, journal, year of pub-
lication, study design, study country, study participants,
setting and recruitment methods, study time period and
age range. Risk factor data was also extracted, includ-
ing raw data (where available), crude and adjusted odds
ratios and their 95% confidence intervals and p-values,
where reported.

For all observational studies, the Critical Appraisal
Skills Programme (CASP) checklist was used to assess
study quality (www.casp-uk.net). Our key quality cri-
teria for eligibility were clear reporting of RTIs as com-
munity-acquired within the paper, i.e. the infection was
not acquired in a hospital setting, and clear and reliable
measures of risk factors including appropriate adjust-
ment for confounders, such as age, sex and comorbidi-
ties. A risk of bias score of “high’, “medium” or “low” was
applied to each criterion.

Data synthesis and analysis

Where the same factors were reported in two or more
studies, pooled odds ratios were calculated using a ran-
dom-effects meta-analysis. Crude estimates or raw data
were used where available, as adjusted estimates likely
take into account different factors, and so are not appro-
priate to pool. Pooled crude odds ratios were compared
with adjusted odds ratios for each factor, where reported
in each study. For each pooled analysis, the reference
group is those without the specified risk factor. Heteroge-
neity was assessed using the I? statistic (with correspond-
ing p-values) in line with Cochrane recommendations
[13]. An I? of 25%, 50% and 75% was used to signify low
level, moderate level and high level heterogeneity. Where
heterogeneity was high (>75%), pooled effect estimates
were not calculated. A funnel plot was used to investigate
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publication bias in the studies included in our meta-
analysis where possible. Where the factors reported were
not the same in two or more studies, estimates were not
pooled. Instead, we reported these study results individu-
ally only. All statistical analyses were conducted using
Stata version 15 software, and all methods undertaken
according to PRISMA guidelines [14].

Patient and public involvement

No patients or members of the public were involved in
setting the research question or outcome measures, nor
were they involved in developing plans for design, or
implementation of the study. No patients or members of
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the public were asked to advise on interpretation or writ-
ing up of results.

Results

Our search strategy returned 28,719 papers in total (see
Fig. 1). Following review of titles and abstracts 28,475
papers were excluded. Based on full-text review of 89
papers, 66 were excluded for the following reasons: 60
had no community-acquired RTT risk factor data, and six
were conducted in a non-OECD country. Several papers
were excluded from our abstract screen due to the fact
that previous systematic reviews had been conducted;
this was the case for studies investigating the role of

Papers identified by database
search (n=30,764)

Duplicates removed (n=2045)

Papers exported to Access database
(n=28,719)

Excluded on basis of title (n=28,475)

Abstracts reviewed (n=244)

Excluded (n=155)

No RTI predisposing factor data (n=63)
Non-OECD country (n=37)

Vitamin D study: previous systematic
review conducted (n=20)

Exercise study: previous systematic review
conducted (n=14)

No community-acquired RTI data (n=12)
Not original research (n=9)

Excluded (n=66)
No community-acquired RTI predisposing
factor data (n=60)
Non-OECD country (n=6)

Full-text papers assessed for
eligibility (n=89)
y

Papers included in review (n=23)

Fig. 1 PRISMA flowchart for inclusion and exclusion of studies
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either Vitamin D [15, 16], or exercise in the acquisition
of respiratory tract infections [17]. We did not find any
additional papers on either of these topics which had not
been included in the previous systematic reviews. We are
also conducting a subsequent review exploring interven-
tions to reduce incidence of infections in the community
(PROSPERO ID CRD42021291929), therefore any study
exploring the effectiveness of an intervention was not
included in this review. This left 23 studies investigating
factors increasing and decreasing the risk of acquiring
respiratory infections in the community included in the
review.

Study characteristics

We included 23 observational risk factor studies in our
review; five studies included children only (<18 years),
nine studies included adults only (18 +years), and nine
studies included mixed adult and child populations.
Studies were conducted in the USA (n=6), UK (n=4),
Spain (n=4), Germany (n=3), Netherlands (n=2), Swe-
den (n=1), Finland (n=1), Denmark (n=1), and New
Zealand (n=1). All extracted study data can be found in
Additional file 1: Table S3. Studies reported risk factors

Table 1 Study characteristics
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for the acquisition of community-acquired pneumonia
(n=15), influenza-like illness (n=2), lower respiratory
tract infection (n=2), and any RTI (n=4). All charac-
teristics for included risk factor studies are shown in
Table 1.

Most studies had a low risk of bias; the main reason for
studies with a medium risk of bias was lack of control-
ling for confounding factors, unclear reporting of base-
line data, or reporting outputs from statistical tests only
and not the raw study data. Quality assessment charts are
shown in Additional file 2: Fig. S1.

Of the 23 studies included, 12 studies reported crude
odds ratio estimates for risk factors which they investi-
gated and were included in a meta-analysis. Adjusted
odds ratios could not be pooled due to differences in
the risk factors adjusted for in each study. For those
studies which did not meet the requirements for meta-
analysis, most were due to high heterogeneity (I*>75%),
or reported findings in a different unit of measure-
ment including hazard ratios [19], incidence rate ratios
[22], and risk ratios [24, 25], which could not be pooled
together with studies reporting odds ratios. Several
studies reported factors for which there was no other

Study characteristics Number of papers References
Study design
Observational 12 [18-29]
Case-control 10 [30-39]
Cross-sectional 1 [40]

Participant age

Adults (> 18 years) 9
Children (< 18 years) 5
Mixed adults and children 9
Recruitment location

Primary care 14
Outpatient/inpatient

Emergency department 3
Community 3

Number of study participants
<500
500-1000
1001-2000
2001-5000
5001-10,000
>10,000
Primary RTl investigated

N = W NN W

Community-acquired pneumonia 15
Influenza-like-illness 2
Lower RTI 2
Any RTI 4

[18, 22,24, 25,27, 30,32, 35,40]
[20, 23, 29, 33, 38]
[19, 21,26, 28,31, 34,36,37,39]

[19, 20, 22, 23, 25, 26, 28, 31, 32, 34, 36-39]
[24,27,35]
[18,30,33]
[21, 29, 40]

[28, 29, 38]
[37,39]
[20, 26, 27, 30, 31, 33, 40]
[32, 35, 36]
[21]
[18,19,22-25, 34]

[18,22,25-28, 30-38]
[21,24]

[20, 23]

[19,29, 39, 40]
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comparable data in any other studies for meta-analysis.
Additional file 1: Table S3 outlines the study characteris-
tics for all papers included in this review, including what
data were available.

For reporting purposes, the factors reported by each
study were grouped into one of five different categories:
(i) demographics; (ii) environmental; (iii) lifestyle; (iv)
social, and (v) health. The following five sections summa-
rise the reported factors which were not pooled together
by meta-analysis.

Demographics

There was some evidence that older age increases the
likelihood of acquiring an RTI, though studies inves-
tigating age varied in their reporting. One study used
Townsend scores to measure deprivation, and found evi-
dence that increasing deprivation increases the odds of
acquiring CAP [34]. There was considerable variation in
the way that education was reported by different stud-
ies, which made it difficult to compare any two studies.
There was mixed evidence of an association between
low education levels, however Gessner et al. (2009)
appears to report a biological gradient, where risk of
lower RTI acquisition increases as years of formal edu-
cation decreases [23]. No studies reported evidence that
employment status, marital status, rural versus urban liv-
ing or income was associated with RTI acquisition. Only
one study in New Zealand reported any data on race
and ethnicity. Additional file 2: Fig. S2 summarises the
demographic factors investigated in the included stud-
ies, where studies are grouped based on the factors they
reported.

Environmental and occupational

One study investigated household proximity to animal
farms as a risk factor for RTI acquisition but found no
clear associations [30]. Another study in children under
4 years reported an association between fewer than
30 min daily outside time in previous month and RTI
acquisition (crude OR 2.34, 95% CI 1.42 to 3.88) [33].
One study investigated work exposures as risk factors for
CAP acquisition and reported an association between
work related contact with animals, excrements and vis-
cera and CAP acquisition (crude OR 1.29, 95% CI 1.02 to
1.62), and sudden temperature changes at work in previ-
ous 3 months (including refrigerators, furnace or kitchen)
and CAP acquisition (crude OR 3.12, 95% CI 2.16 to 4.50)
[36] Additional file 2: Fig. S3 summarises the environ-
mental risk factors investigated in the included studies.

Lifestyle
Smoking, either current of former smoker was associated
with acquisition of both ILI and CAP based on crude OR
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from two studies [21, 35]. One study reported an asso-
ciation between children who were not breastfed and
increased likelihood of CAP acquisition (crude OR 2.72,
95% CI 1.52 to 4.87), however the same study did not
find associations between exclusive breastfeeding and
reduced likelihood of CAP acquisition [33]. Four stud-
ies reported risk factors as either hazard ratios, incidence
rate ratios or risk ratios as opposed to odds ratios and so
were reported separately (see Additional file 2: Fig. S4).
An underweight BMI was associated with an increased
likelihood of CAP acquisition from two studies, one
reported a hazard ratio of 1.33 (95% CI 1.04 to 1.70) [19]
and the other reported an incidence rate ratio of 2.62
(95% CI 2.10 to 3.24) [22]. No associations were reported
for multivitamin intake and increased likelihood of RTI
acquisition. Additional file 2: Fig. S5 summarises the
lifestyle-related risk factors investigated in the included
studies.

Social

Only one study reported an association with acquiring
a RTI, CAP specifically, and that was having more than
10 people living in the household [36]. One population-
based study reported a risk ratio of the effect of a per-
centage increase in the paediatric population on the rate
of adult acute RTIs (per 1000 population), where the
paediatric population was defined as all children aged
0-17 years (see Additional file 2: Fig. S2) [24]. The crude
risk ratio reported was 1.04 (95% CI 1.02 to 1.05), sug-
gesting that as the paediatric population increases so
does the rate of adult (> 18 years) RTIs. Additional file 2:
Fig. S6 summarises the social risk factors investigated in
the included studies.

Comorbidity and medical history
Due to the large number of different health-related risk
factors that were reported in our included studies, we
split these into two groups: current health conditions and
medical history. Additional file 2: Fig. S7 summarises the
health condition-related risk factors investigated in the
included studies. One study investigated several chronic
conditions as risk factors, and reported associations with
CAP acquisition and multiple chronic conditions (cardio-
vascular, cerebrovascular, rheumatoid and immunosup-
pressive) [18]. There was evidence from several studies
that heart disease is associated with an increased odds
of acquiring a RTI, however heterogeneity between the
studies was too high for them to be meta-analysed.
Several studies reported immunisation-related risk
factors, including having previously received an influ-
enza vaccination, however heterogeneity between these
studies was too high for meta-analysis. Several studies
reported previous CAP and previous RTIs of any kind,
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but again high heterogeneity prevented inclusion in our
meta-analysis. All studies reporting previous CAP epi-
sodes reported an association with increased likelihood
of acquiring community-acquired CAP. One study inves-
tigated recent dental visits as a risk factor, and found that
visiting the dentist in the past month had a protective
effect (crude OR 0.71, 95% CI 0.55 to 0.92). Additional
file 2: Fig. S8 shows the medical history-related risk fac-
tors for RTT acquisition in the included studies.

Meta-analysis of RTI risk factor studies
Figures 2 and 3 show the forest plot of the pooled
estimates which did not have I?> values over the
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recommended 75% threshold. Figure 2 summarises the
pooled health-related risk factors, and Fig. 3 summarises
the pooled demographic, lifestyle and social risk factors.
Studies were grouped by the risk factor investigated, most
of which were exploring risk of CAP acquisition. For
health-related risk factors (Fig. 2), all studies included in
the meta-analysis were investigating acquisition of CAP.
Chronic liver condition (pooled OR 1.30, 95% CI 1.09 to
1.50, p-value 0.343), chronic renal condition (pooled OR
1.47, 95% CI 1.09 to 1.85, p-value 0.144) and hospitalisa-
tion in previous five years (pooled OR 1.64, 95% CI 1.46
to 1.82, p-value 0.664) all suggested an increased likeli-
hood of acquiring CAP.

Risk Factor and RTI
Author (year) Country  Age Range investigated OR (95% CI)
Chronic liver condition
Kolditz et al (2016) Germany 18+ years CAP ¢ 1.26 (1.20, 1.34)
Almirall et al (2008) Spain 15+ years CAP -}-0— 1.67 (0.99, 2.82)
Schnoor et al (2007) Germany Not reported CAP —— 2.10 (1.20, 4.00)
Subgroup (I-squared = 6.5%) (o] 1.30 (1.09, 1.50)
Chronic renal condition
Kolditz et al (2016) Germany 18+ years CAP @ 1.60 (1.56, 1.65)
Almirall et al (2008) Spain 15+ years CAP -0-'L 0.98 (0.51, 1.75)
Schnoor et al (2007) Germany Not reported CAP —— 1.70 (1.10, 2.80)
Subgroup (I-squared = 48.4%) <> 1.47 (1.09, 1.85)
Diabetes
Kolditz et al (2016) Germany 18+ years CAP # 1.08 (1.06, 1.11)
Almirall et al (2008) Spain 15+ years CAP {0— 1.43 (1.1, 1.92)
Jackson et al (2009) USA 65+ years CAP rd 1.30 (1.00, 1.50)
Subgroup (I-squared = 65.3%) o) 1.21 (1.00, 1.42)
History of wheezing episodes
Heiskanen-Kosma et al (1997) Finland <5 years CAP : + 3.99(1.93, 8.23)
Heiskanen-Kosma et al (1997) Finland  5-15years CAP —— 2.11 (1.09, 4.07)
Subgroup (I-squared = 10.9%) o — 2.52 (1.00, 4.04)
Hospitalisation in previous 5 years
Almirall et al (2008) Spain 15+ years CAP *- 1.68 (1.44, 1.96)
Schnoor et al (2007) Germany Not reported CAP > 1.60 (1.40, 1.90)
Subgroup (I-squared = 0.0%) (o) 1.64 (1.46, 1.82)
Pneumococcal vaccination ever
Vinogradova et al (2009) UK Not reported CAP 1.17 (1.12,1.23)
Almirall et al (2008) Spain 15+ years CAP 0.78 (0.53, 1.13)
Jackson et al (2009) USA 65+ years CAP 1.00 (0.80, 1.90)
Subgroup (I-squared = 69.8%) 1.01 (0.72, 1.30)
| | | |
0 1 3 6 9
Fig. 2 Pooled health-related risk factors for acquisition of respiratory tract infections, grouped by condition and ordered by increasing standard
error
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Risk Factor and RTI

Author (year) Country  Age Range investigated Effect (85% CI)
Contact with children L

Adler et al (2014) UK Not reported Ll ! 1.10 (0.85, 1.28)
Almirall et al (2008) Spain 15+ years CAP "- 1.48 (1.26, 1.75)
Adler et al (2014) UK Not reported Ll -b- 1.47 (1.22, 1.77)
Schnoor et al (2007) Germany Not reported CAP ‘.:— 1.20 (0.80, 1.80)
Almirall et al (1898) Spain >14 years CAP "'.|— 1.21 (0.86, 1.72)
Schnoor et al (2007) Germany Not reported CAP |—‘— 2.10 (1.40, 3.00)

- 2.20 (1.10, 4.20)
1.35 (1.15, 1.58)

Schnoor et al (2007) Germany Not reported CAP
Subgroup (I-squared = 59.1%)

Contact with pets
Almirall et al (2008) Spain 15+ years CAP -’- 1.37 (1.18, 1.80)
Almirall et al (1899) Spain  >14 years CAP --X 1.28 (0.91, 1.80)

Subgroup (I-squared = 0.0%) 1.35(1.16, 1.54)

Daycare attendance

Grant et al (2012) New Zealand 0-4 years CAP 1.08 (0.80, 1.50)
Heiskanen-Kosma et al (1897) Finland <5 years CAP 1.13 (0.82, 2.08)
Forssell et al (2009) Sweden 2-5 years RTI . 2.64 (1.39, 5.00)
Subgroup (I-squared = 26.8%) <b 1.20 (0.74, 1.66)
Ex-smoker

Almirall et al (2008) Spain 15+ years CAP - 1.37 (1.14, 1.84)
Jackson et al (2008) USA B85+ years CAP ’- 1.70 (1.50, 2.00)
Almirall et al (1829) Spain =14 years CAP 2.18 (1.26, 3.89)
Subgroup (I-squared = 53.8%) 2!; 1.57 (1.26, 1.88)
Sex = Male

Kolditz et al (2016) Germany 18+ years CAP 1.30 (1.27, 1.33)
Grant et al (2012) New Zealand 0-4 years RTI 1.28 (0.86, 1.70)
Heiskanen-Kosma et al (1897) Finland 5-15 years CAP —.I— 1.11 (0.65. 1.88)
Heiskanen-Kosma et al (1897) Finland <5 years CAP |—._ 1.90 (1.04, 3.49)
Forssell et al (2009) Sweden 2-5 years RTI . 2.01(1.08,3.74)
Subgroup (I-squared = 0.0%) ‘ 1.30 (1.27, 1.33)

Smoker (passive)

van Gageldonk-Lafeber (2007) Netherlands Not reported RTI -‘* 0.39 (0.85, 1.22)
Almirall et al (2008) Spain 15+ years CAP ﬂb— 1.22 (0.93, 1.81)
Almirall et 2l (2014) Spain  >14years CAP —— 1.22 (0.93, 1.81)
Heiskanen-Kosma et al (1887) Finland  5-15 years CAP -':—.— 1.50 (0.87, 2.58)
Heiskanen-Kosma et al (1887) Finland <5 years CAP -'I—‘— 1.42 (0.76, 2.86)
Heiskanen-Kosma et al (1897) Finland <5 years CAP -'-I-.— 1.45(0.76, 2.74)
Heiskanen-Kosma et al (1997) Finland  5-15 years CAP g‘_ 1.67 (0.92, 3.05)
Subgroup (I-squared = 0.0%) 1.14 (0.97, 1.31)
Underweight BMI

Almirall et al (2008) Spain 15+ years CAP 2.20 (1.57, 3.09)
Schnoor et al (2007) Germany Not reported CAP 2.10 (1.30, 3.40)
Almirall et al (1829) Spain >14 years CAP 2.01(1.06, 3.81)
Subgroup (I-squared = 0.0%) é 2.14(1.58, 2.70)

0 1 3 5
Fig. 3 Pooled demographic, lifestyle and social risk factors for acquisition of respiratory tract infections, grouped by condition and ordered by
increasing standard error
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For demographic, lifestyle and social risk factors
(Fig. 3), the risk factor with the greatest pooled OR for
RTI acquisition was an underweight BMI (pooled OR
2.14, 95% CI 1.58 to 2.70, I? 0%, p-value 0.969). Male sex
(pooled OR 1.30, 95% CI 1.27 to 1.33, p-value 0.661),
contact with pets (pooled OR 1.35, 95% CI 1.16 to 1.54,
p-value 0.720) and contact with children (pooled OR
1.35, 95% CI 1.15 to 1.56, p-value 0.053) all increased the
likelihood of RTT acquisition. No associations were found
for daycare attendance and passive smoking. Ex-smokers
were found to have an increased risk of acquiring a RTI
(pooled OR 1.57, 95% CI 1.26 to 1.88, p-value 0.114).

For the contact with children, Adler et al. (2014) is
included twice. The first entry shows the OR for those
who live with children; the second entry shows the
reported OR for those who are in contact with children.
Similarly, Schnoor et al. (2007) appears three times under
contact with children. The first entry reports the ORs for
those who live with only one child, the second for those
who live with two children, and the third for those who
live with three or more children. For both studies, these
predisposing factors did not overlap and were therefore
both included in our analysis under the contact with chil-
dren predisposing factor.

Publication bias
There were too few studies for each estimate measured to
adequately assess publication bias.

Discussion

Principal findings

Our rigorously conducted systematic review meta-anal-
ysis suggests chronic liver and renal conditions, previ-
ous hospitalisation, low BMI, male sex, and contact with
children and pets all increase the likelihood of people liv-
ing in OECD member countries acquiring a respiratory
infection.

Strengths and limitations

To our knowledge, this is the first systematic review to
identify the role of chronic liver and renal conditions,
any hospitalisation in previous five years, and under-
weight BMI on acquisition of community-acquired res-
piratory tract infections, with important implications
for individuals and policy makers. We are aware of four
main limitations. First, some risk factors (e.g. alcohol
consumption, environmental exposures, education and
socioeconomic status) were measured and reported in
different ways, preventing meta-analysis. It was therefore
difficult to draw firm conclusions about their role and
many therefore warrant further investigation. Second,
most of the studies investigated community acquired
pneumonia leaving an absence of evidence for less severe
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RTIs. It might be that our review did not capture some
risk factors which may be more specific to certain RTIs,
such as influenza or upper RTIs, or bacterial versus viral
RTIs. Finally, we did not include studies investigating risk
factors for COVID-19 because we considered it still too
early in the pandemic for the evidence to have accumu-
lated, and that this warrants a separate review. However,
many of the factors we identified could be applicable to
COVID-19 acquisition and should be included in future
COVID-19, and other, studies.

Results in the context of existing research

Despite the fact that respiratory infections are the single
most common infections seen in the community, and the
most common infection worldwide, associated with sig-
nificant morbidity and unnecessary antibiotic use, there
is limited evidence to date around how we might prevent
them occurring in the first instance. The World Health
Organisation (WHO) Global Action Plan on Antimicro-
bial Resistance outlines five strategic goals, one of which
is to reduce the incidence of infection [41]. In order to
reduce the incidence of infection it is imperative that we
better understand what factors might increase our risk of
acquiring common infections.

We found associations between having an underweight
BMI and increased likelihood of acquiring CAP. Recent
studies of BMI and risk of infection suggest both under-
weight and obese populations are at increased risk of
acquiring infections, including respiratory and surgical
site infections [42]. It might be however, that confound-
ing is an important factor here, given that other factors
including malnutrition, and co-morbidities could be
influencing this association. Despite evidence of an asso-
ciation between underweight BMI and increased likeli-
hood of acquiring a RTI, current National Institute for
Health and Care Excellence (NICE) guidelines used by
clinicians and practitioners in the management of respir-
atory tract infections do not highlight this [43]. Overall
this review suggests that underweight BMI is associated
with an increased likelihood of acquiring a RTI, however
given the small number of studies which have investi-
gated this, future research should focus on confirming
this relationship in a large cohort study.

Contact with children and contact with pets were also
both associated with an increased likelihood of acquiring
CAP. Previous studies have shown that children are key
transmitters of infection within populations [44], there-
fore we might expect that frequent contact with children
would be a notable risk factor. Regarding contact with
pets, although there is evidence this can increase the
risk of transmission of infections, these are most com-
monly parastic and gastrointestinal infections [45]. There
is currently limited evidence regarding the transmission
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of respiratory infections between pets and humans. One
study in Austria characterised Streptococcus pneumoiae
(the most common cause of community-acquired pneu-
monia) isolates from companion animals and found
two sequence types known to cause invasive disease in
humans also circulate in dogs [46].

We also found evidence that male children are more
likely to acquire community-acquired RTIs than female
children. This risk factor has also been identified in
adults for COVID-19, though the reasons why males are
at greater risk of respiratory infection acquisition are
unclear. It is likely that sex hormones which play a role in
the regulation of the immune system may be implicated
in the sex differences we have observed [47].

Several previously conducted systematic reviews have
investigated specific predisposing factors for acquiring
RTIs in the community, including the role of Vitamin D
[15, 16]. These systematic reviews explored Vitamin D
supplementation on RTI incidence and Vitamin D con-
centrations in children with and without RTIL. The find-
ings from both studies were inconclusive, with some
suggestion that Vitamin D supplementation reduced
the odds of acquiring a community RTI. The high lev-
els of heterogeneity mean these findings must be inter-
preted with caution. Another previous systematic review
explored the effectiveness of exercise on the indicence
and severity or RTIs in the community, again with incon-
clusive results due to small sample sizes and high levels of
heterogeneity [17].

Clinical, policy and research implications

This systematic review identifies several modifiable fac-
tors which an individual might consider in relation to
their personal likelihood of acquiring RTIs, and which
clinicians, policy makers and those responsible for anti-
microbial stewardship might wish to consider in relation
to public health messaging, either stand-alone in rela-
tion to infection acquisition, or as part of existing pub-
lic health measures. Interventions known to reduce the
spread of RTI, such as handwashing [48], could be tar-
geted at ‘at risk’ groups such as ex-smokers, people with
chronic liver disease, and people who work with children
and animals. Researchers may wish to consider measur-
ing the factors identified in this review in future ‘risk fac-
tor” as well as intervention studies.

Conclusions

We identified several risk factors associated with
increased likelihood of individuals acquiring RTIs in
the community, including chronic liver disease, low
BMI, and contact with children and pets. Modification
of risk factors and targeting prevention to vulnerable
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groups could reduce morbidity, mortality and antibi-
otic use associated with RTI, the most common type of
infection worldwide.
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