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Abstract

Background Epidemiological trends of lower respiratory infections (LRIs) attributable to secondhand smoke (SHS)

among children under 5 years since smoking bans have been increasingly applied globally remain unclear. Here, we
aimed to estimate the spatiotemporal trends of the global, regional, and national burden of LRIs attributable to SHS
among children under 5 years old between 2010 and 2019.

Methods Data on the deaths, and disability adjusted life years (DALYs) of the disease burden was retrieved from the
Global Burden of Disease (GBD) 2019 for 204 countries and territories between 2010 and 2019. The rates per 100,000
population, along with 95% uncertainty intervals, as well as population-attributable fraction (PAF) was presented for
each estimate.

Results In 2019, an estimated 6.94% (3.80-10.12%) of under-5 LRIs deaths were attributable to SHS globally, with an
under-5 mortality rate of 7.02 per 100,000, a decrease of 5.77% since 2010. Similarly, 6.95% (3.81-10.13%) of LRIs DALYs
were due to SHS among children under 5 years, with a rate in under-5s of 619.36 DALYs per 100,000, and also a 5.77%
decrease since 2010. Azerbaijan, Turkmenistan, and Papua New Guinea showed the highest under-5 mortality and
DALYs burden rates of LRIs attributable to SHS in 2019. In contrast, the PAF was stagnant over the past ten years and
there is even a year-on-year upward trend in South Asia. Nationally, in 2019, Bosnia and Herzegovina, Armenia, and
Montenegro showed the highest PAF; of LRIs burden among children under 5 years of age. In addition, the burden
was heavier in children under 1 year of age and was significantly negatively associated with sociodemographic index.

Conclusions SHS remains a risk factor that cannot be ignored for LRIs burden worldwide. Hence, governments and
health systems should continue to take steps to reduce SHS pollution among young children to mitigate this burden.
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Introduction

Lower respiratory infections (LRIs), mainly caused by
bacteria such as Streptococcus pneumoniae and Hae-
mophilus influenzae type b and viruses such as influ-
enza and respiratory syncytial virus [1, 2], are a leading
cause of death globally, killing more than 2 million people
every year [3]. In particular, LRIs are a substantial cause
of deaths among children under 5 years of age [4, 5] and
approximately 0.67 million children under 5 years died
from LRIs globally in 2019 [6]. Despite large reductions
in under-5 LRIs mortality in many locations since the
1990s, the pace of progress for LRIs has generally lagged
behind that of other childhood infectious diseases [7].

Secondhand smoke (SHS) exposure has been high-
lighted as a significant contributor to the burden of
deaths from respiratory diseases [8, 9]. Children are
particularly vulnerable to the harmful health effects of
SHS as their immune and respiratory systems are less
developed and they have a faster respiratory rate [10]. In
addition, as young children like to be held or sit on their
parents’ laps, they are often very close to sources of SHS
[11].

Several analytical epidemiological studies have
reported the burden of respiratory disease attributable to
SHS exposure for many sites worldwide, including whole
countries [12-14], and these provide real burden data.
The most recent study based on the worldwide burden
of LRIs attribute to SHS was from 192 countries dur-
ing 2004, which showed that 30% of all deaths from SHS
occur in children, with the largest disease burden from
LRIs in those younger than 5 years of age [9]; these esti-
mates need updating and the trends followed by years has
not been reported. In addition, it was reported that only
7.4% of the world population lives in jurisdictions with
comprehensive smoke-free laws in 2009, and the enforce-
ment of these laws is robust in only a few of those juris-
dictions [15]. With the recommendation of the World
Health Organization (WHO) Framework Convention on
Tobacco Control [16], updated information on the bur-
den of LRIs due to SHS is needed for public health and
advocacy purposes. Whatmore, it was reported that chil-
dren under 5 years of age living in deprived communities
were more likely to be exposed to SHS in the home [17].
Assessment of the impact of socioeconomic status on the
burden of disease from SHS is also desired.

Thus, based on the latest data and improved meth-
odologies of the Global Burden of Disease (GBD) 2019,
we aimed to estimate the spatiotemporal trends of SHS-
related LRIs burden and identified the highly affected
regions, as well as the influence derived by the sociode-
mographic index (SDI) in 204 countries and territories
from 2010 to 2019, providing insight to assist policymak-
ing and recommending actions to reduce SHS exposure
and its corresponding LRIs burden.
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Methods

Data source

Original data sources on the global burden of LRIs attrib-
utable to SHS were obtained from the GBD 2019 (https://
ghdx healthdata.org/). GBD studies provide worldwide
and comprehensive assessments of health loss for 329
diseases across 204 countries and territories that are
classified into 21 regions according to epidemiologi-
cal similarities and geographical proximity [3]. Detailed
descriptions of the methodologies have been reported
elsewhere [18, 19] and fatal and non-fatal estimates have
been published (https://vizhub.healthdata.org/gbd-com-
pare/ and https://ghdx.healthdata.org/gbd-results-tool).

Estimation of SHS and its attributable LRIs Burden

In GBD 2019, LRIs were defined as clinician-diagnosed
pneumonia or bronchiolitis, with International Clas-
sification of Diseases (ICD) 9th edition coded as 073.0-
073.6, 079.82, 466—469, 480—489, 513.0, and 770.0, and
ICD 10th edition coded as A48.1, J09-J22, J85.1, P23-
P23.9, and U04. SHS refers to current exposure to sec-
ondhand tobacco smoke at home, at work, or in other
public places [18].

The LRIs burden of SHS was estimated by calculat-
ing the attributable composition in death and disabil-
ity-adjusted life years (DALYs). The methods on the
estimations of LRIs attributable to SHS have been intro-
duced in detail previously [18]. In brief, the GBD 2019
estimation of attributable burden followed the general
framework established for comparative risk assessment,
which can be divided into six key steps: identifying the
SHS-LRIs pair in the analysis; estimating relative risk as
a function of exposure (SHS); estimating the distribu-
tion of SHS exposure levels by age-sex-location-year;
determining the theoretical minimum risk exposure level
(TMREL), which is the level of risk exposure (SHS) that
minimises risk at the population level, or the level of risk
that captures the maximum attributable burden; and esti-
mating the population attributable fractions and attrib-
utable burden by age-sex-location-year using a formula
taking into account the risk function, the distribution
of exposure across individuals in each age-sex-location-
year, and the TMREL [18].

DALYs is a commonly used comprehensive indicator
that assesses the overall impact of disease and injury on
a population by combining years of healthy life lost due
to premature death (YLL) and years lived with a disabil-
ity (YLD). YLL calculates potential years of life lost by
subtracting age at death from life expectancy, while YLD
considers years lived with a disability, using a disability
weight reflecting the condition’s severity. Higher DALYs
values signify greater health impact, enabling effective
cross-condition, regional, and temporal comparisons to
inform public health strategies and gauge intervention
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https://ghdx.healthdata.org/
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success. The level of uncertainty was calculated by sam-
pling 1000 draws at each computational step and com-
bining uncertainty from several different sources (that is,
input data, corrections of measurement error, and esti-
mates of residual non-sampling error). The uncertainty
intervals were defined as the 25th and 975th values of the
ordered draws.

The relation between the burden of LRIs and the SDI
for the 21 regions and 204 countries and territories was
examined with smoothing spline models [20]. The SDI
is a composite measure that quantifies the development
level of a country or region based on its socioeconomic
indicators. It takes into account three key dimensions:
income per capita and consists of the gross domestic
product per capita (smoothed over the previous decade),
average number of years of education for the population
(>15 years old), and total fertility rate in those aged <25
years. The scoring mechanism of the SDI involves trans-
forming each component’s value into a normalized score
between 0 and 1. The normalized values are then geo-
metrically averaged to obtain the final SDI score for a
country or region. The resulting SDI score ranges from
0 (lowest development) to 1 (highest development). This
index enables comparisons of health outcomes, such as
disease burden and life expectancy, across different coun-
tries or regions with similar levels of development.

Statistical analyses

We present estimates (with 95% uncertainty intervals
[UIs]) of population-attributable fractions (PAF), rates
and estimated the annual percentage change (EAPC) per
100,000 population of LRIs deaths and DALYs attribut-
able to SHS. The PAF is determined by comparing the
health outcomes (e.g., deaths) in the presence of SHS
to the health outcomes that would be observed if that
SHS were absent, while accounting for other relevant
factors. Here’s the general formula for calculating PAF:
PAF=(RR-1)/RR, where RR is the relative risk. A higher
PAF indicates that a greater portion of the LRIs burden
can be attributed to SHS, emphasizing the potential
benefit of targeting SHS to reduce the overall burden of
the LRIs. EAPC is a summary and widely used measure
of the trend of rate over a specific time interval and is
calculated with linear regression models as follows: In
(rate) = a+p*calendar year+e. The EAPC was defined as
100 X (exp (B)—1), and its 95% Uls were determined by
the regression model. Statistical analysis was performed
using R (version 4.1.0). P value<0.05 was considered sta-
tistically significant.

Results

Global level

In 2019, 6.94% (3.80-10.12%) of under-5 LRIs deaths
were attributable to SHS globally, with an under-5
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mortality rate of 7.02 per 100,000, a decrease of 5.77%
since 2010. In addition, 6.95% (3.81-10.13%) of under-5
LRIs DALYs were due to SHS, with a rate in under-5s of
619.36 DALYs per 100,000, a 5.77% decrease since 2010
(Table 1).

Regional level

In 2019, Oceania, Central Asia, and South Asia had the
highest under-5 mortality rates (27.53 for Oceania, 16.60
for Central Asia, 11.18 for South Asia) and DALY rates
(2,421.89 for Oceania, 1,461.52 for Central Asia, 987.25
for South Asia) from LRIs attribute to SHS, with the low-
est rates in under-5s of mortality and DALYs in Western
Europe (mortality rate: 0.19, DALYs rate: 17.55), Austral-
asia (mortality rate: 0.24, DALYs rate: 21.55), and high-
income North America (mortality rate: 0.35, DALYs rate:
31.45) (Table 1). From 2010 to 2019, all regions showed
a decrease in the under-5 mortality rates from LRIs
attributed to SHS, with the largest decreases in East Asia
(=9.72%), Central Sub-Saharan Africa (-9.07%), and
Eastern Europe (—7.44%) (Table 1). The DALY rates in
under-5s also decreased in all regions from 2010 to 2019,
with the largest decreases also in East Asia (—9.70%),
Central Sub-Saharan Africa (—9.05%), and Eastern
Europe (—7.40%).

The percentage of deaths and DALYs caused by LRIs
attributable to SHS slightly decreased or even remained
stagnant from 2010 to 2019 globally among children
under 5 years old. This pattern was observed in most
regions, with the exception of Andean Latin America,
the Caribbean, high-income North America, Oceania,
South Asia, Southeast Asia, Tropical Latin America, and
Western Sub-Saharan Africa, for which percentages were
slightly increased from 2010 to 2019. Noticeably, SHS
was attributed to a large extent of the under-5 LRIs bur-
den in Eastern Europe (20.78%), East Asia (19.59%), and
Central Europe (18.16%) in 2019.

National level

In 2019, the national under-5 mortality rates for LRIs
varied from 0.05 to 36.56 per 100,000. The highest rates
were seen in Azerbaijan (36.56), Turkmenistan (32.90),
and Papua New Guinea (32.24), whereas the lowest
rates were found in Finland (0.05), Norway (0.07), and
Sweden (0.09) (Fig. 1B, Table S1). In 2019, the national
DALY rate in under-5s of LRIs ranged from 7.66 to
5838.06 patients per 100,000. The highest rates were also
seen in Azerbaijan (3224.34), Turkmenistan (2890.91),
and Papua New Guinea (2836.02), whereas the lowest
rates were in Finland (5.39), Norway (7.37), and Sweden
(9.25) (Figure S1B, Table S1). The percentage change in
the under-5 mortality rate, from 2010 to 2019, differed
noticeably between countries, with Iran (Islamic Repub-
lic of) (16.09%), Saudi Arabia (11.04%), and Cook Islands
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Table 1 (continued)

DALYs
2010

Deaths
2010

2010-2019

EAPC, %
-5.78

2019

2010-2019
EAPC, %
-5.80

2019

Rate, 10°

Percentage, %

14.48

Rate, 10°
235.64

Percentage, %

14.97

Rate, 10°
1.59

Percentage, %

1448

Rate, 10°
266

Percentage, %

14.98

140.83
(75.70t0217.12)

804.56

Southern Latin

America

(-6.37 10 -5.20)

-4.13

(8.59 10 20.76)

7.50

(13991 to 334.73)

1,153.19

(898 t0 21.20)

7.76

(-6.381t0-5.21)

-4.11

(0.8510 2.45)

9.12

(8.59 10 20.76)

7.50

(1.58103.77)

13.05

(89810 21.21)

7.76

Southern Sub-

(-4.35t0-3.90)

(388.10to

(392t0 11.42)

(577.71 10 1,804.18)

(6.53t02040) (3.92t01142) (440t014.82) (-4331t0-3.88) (3.98t0 11.78)

(3.98t0 11.78)

Saharan Africa

1,306.96)
290.02

(2023) 23:1920

-6.02

10.55

557 10.55 3.29 -6.03 9.80 491.22

9.80

Tropical Latin
America

(-6.56 to -5.48)

-3.63

(162.93 to0 431.85)

(649 to 15.04)

14.44

(275.69 to 748.46)

25.29

(5.65 to 14.44)

14.94

(-6.57 t0 -5.49)

-3.76

(1.85t04.89)

0.19

(6.49 to 15.03)

14.44

(3.12t0 849)

0.27

(5.65 to 14.44)

14.95

17.55
(10.81 t0 25.30)

96843

Western
Europe

(-4.16 t0 -3.09)

-2.59

(899 to 19.98)

347

(15.68 t0 35.09)

127173

(93310 20.57)

338

(-430t0-3.21)

-2.6

(0.11100.27)

11.04

(899 to 19.99)

347

(0.17 10 0.38)

14.50

(9.331020.56)

338

Western Sub-

(-3.15t0-2.04)

(1.80t0 5.37) (467.10to

(6.99t024.00) (1.80t05.37) (5311t01830) (-3.15t0-2.04) (1.68 t0 5.25) (6131210 2,105.47)

(1.6810 5.25)

Saharan Africa

1,604.96)

* LRIs deaths and DALYs attribute to SHS among children under 5 years of age in 21 regions and globally, and change from 2010 to 2019

LRIs: lower respiratory infections; SHS: secondhand smoke; EAPC: estimated the annual percentage change; DALYs: disability-adjusted life-years
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(10.57%) having the largest decreases. In contrast, the
Northern Mariana Islands (2.79%), Dominica (2.71%),
Burkina Faso (0.32%), Ukraine (0.14%), and Niger
(0.06%) had increasing trends (Table S1). Over the same
period, Iran (Islamic Republic of) (16.03%), Saudi Ara-
bia (10.66%), and Cook Islands (10.50%) had the largest
decreases in the DLAYs rate, whereas increases were also
found in the Northern Mariana Islands (2.81%), Domi-
nica (2.72%), Burkina Faso (0.32%), Ukraine (0.16%), and
Niger (0.07%). In 2019, Bosnia and Herzegovina (23.22%),
Armenia (23.12%), and Montenegro (23.07%) showed the
highest percentage of LRIs burden due to SHS, whereas
Sao Tome and Principe (1.33%), Ethiopia (1.35%), and the
Democratic Republic of the Congo (1.37%) showed dis-
tinctly small extent of this burden (Fig. 1A, Figure S1A,
Table S1).

Age-sex pattern and temporal trend

Globally, we observed slight decreases in the PAF of
DALYs from 2010 to 2019 (Fig. 2A), and the PAF was
higher in children<1 year than in children 1-4 years
(Fig. 2B C). This pattern was observed for most regions,
with the exception of South Asia and Sub-Saharan
Africa, for which PAF were slightly increased after 2010.
With regard to the time trend in the DALYs rate of LRIs
attributable to SHS, we found a decrease in most super-
regions from 2010 to 2019, whereas the rate of DALYs
were stagnant and remained at the lowest level over time
in high—income regions. The rate of DALYs is much
greater in children younger than 1 year than in children
aged 1-4 years. The highest rate of DALYs among chil-
dren under 1 year of age was observed in South Asia,
while the highest rate of DALYs among children aged 1-4
years was shown in Sub-Saharan Africa. With the excep-
tion of South Asia, which shows a higher DALYs rate in
females, other regions show a similar pattern of the LRIs
burden attributable to SHS between females and males
(Fig. 2D and E). Regardless of age-sex pattern or time
period, the PAFs and rates for DALYs in Latin America
and Caribbean are lower than global levels. However, in
high-income regions, PAF levels are remarkably above
global levels despite low rates of DALYs in under-5s
(Fig. 2A).

Association with the SDI

At the regional level, we found a negative association
between the SDI and the DALYs rate of LRIs in uner-5s
from 2010 to 2019 (Fig. 3), as well as the SDI and mor-
tality rate (Figure S2). Except for some regions with
high SDI, such as Australasia, Western Europe and
high-income Asia Pacific, where the under-5 mortality
and DALYs rate remained stable, low- and middle-SDI
countries showed large decreases in the rate of mortal-
ity and DALYs from 2010 to 2019 with the development
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of SDI. Oceania and Central Asia had higher level than
the other regions based on their SDIs, from 2010 to 2019
(Fig. 3A, Figure S2A). At the country level, in 2019, the
burden of LRIs decreased with increasing socioeconomic
development up to SDI. Countries and territories such as
Azerbaijan, Turkmenistan, Papua New Guinea, and Cam-
bodia had much higher than expected burdens, whereas
Burundi, Liberia, Ethiopia, and the Democratic Repub-
lic of the Congo had much lower than expected burdens
(Fig. 3B, Figure S2B).

Discussion

Principal findings

In this study, based on data from the GBD 2019 study,
we provided up-to-date information on the LRIs burden
(deaths and DALYs) attributable to SHS in children under
5 years of age from 2010 to 2019 across 204 countries and
territories. Approximately one-seventh of the global bur-
den of LRIs was attributable to SHS in 2019, with 6.94%
for deaths, and 6.95% for DALYs. Although the under-5
mortality and DALYs rates of LRIs due to SHS have
decreased over the past ten years, the PAF was stagnant
and there is even a year-on-year upward trend in South
Asia. Moreover, the burden was heavier in children under
one year of age and was significantly associated with SDI.

Comparison with other studies

Despite the substantial progress made in children
younger than 5 years, there were still 672,000 LRI deaths
in this age group in 2019, 93.5% (95% Uls 90.4-95.7) of
those deaths were attributable to preventable risk fac-
tors, and SHS was a top tenth evaluated risk factor for
PAFs of LRI deaths (approximately 7%) among males and
females in 2019 globally [6]. Although the burden rate of
LRIs attributable to SHS estimates were not reported in
this previous study, the overall results for the PAFs of LRI
death were consistent with our findings, which shows
that PAF was highest in Southeast Asia, East Asia, and
Oceania. In addition, based on our study, the DALYs rate
in South Asia is much higher than the global level, which
shows that the burden of LRIs attributable to SHS among
children under 5 years was heavier in Asia. Although
smoking bans have been increasingly applied all over the
world after the recommendation of the WHO in 2007
[16] to comply with Article 8 of the Framework Conven-
tion on Tobacco Control (FCTC), some Asian countries
do not have smoke-free environments at home, work,
and in public places [21]. In 2015, China, India, and Indo-
nesia had the largest number of smokers [22] and many
non-smokers in Asia tend to be highly exposed to SHS.
Because their bodies are still growing, infants and young
children are especially vulnerable to respiratory illness
risks from SHS such as LRIs [23]. No amount of SHS is
safe [23] and children cannot choose their own living
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environment. Though with the development of econom-
ics, the burden due to LRI attributable to SHS exposure
among children under 5 years also decreased in Asia
from 2010 to 2019 at the region level; however, some
middle-income countries, such as Azerbaijan, Turkmeni-
stan, and Cambodia, the burden of LRIs attributed to
SHS in children under five years of age is much higher
than the average in other middle-income countries, mor-
bidity caused by SHS exposure is not negligible and calls
for further public health awareness.

The lowest burden rate of LRIs attributable to SHS
among children under 5 years of age was observed in
high-income regions in our study, especially the West-
ern Europe, such as Finland, Norway, and Sweden. Since
smoke-free policies (SFPs) has been broadly applied
in workplaces, public venues and transportation [15].
The social unacceptability of SHS and consequently the
adoption of voluntary smoking bans in homes in Euro-
pean Union countries increased [24]. Available evidence
has shown that as early as 2010, the Finnish government
announced that it was hoping to impose a complete ban
on smoking by 2040. However, now, the date for the ban
has been brought forward by 10 years: in 2030, the gov-
ernment plans to start to phase out all tobacco products.
Only 15.4.% of the Finnish population are classified as
daily smokers, according to an OECD study from 2015,
which puts them on an equal footing with their Swed-
ish and Norwegian neighbor [25]. For other high-income
countries, a study conducted in Spain showed that the
PAFg¢ estimated for LRI ranged from 11.1 to 27.6% in
2015. The markedly highest PAFg;;5 were found for bron-
chiolitis in infants 0 to 1 years old, which doubled those
obtained for bronchitis and LRI in general [12]. Another
study conducted in the United Kingdom estimated that
the disease events caused by SHS exposure at home in
children in 2008 and reported that PAFg,¢ of LRI was
11% [13]. These estimates seem to differ from our results,
which is considerably higher than those in these studies.
However, comparisons between the studies should be
interpreted with caution, due to methodological differ-
ences such as the year when the study was conducted, the
age groups analyzed, sources of data, differences in SHS
exposure measurement, and studied health outcomes, for
example, our study focused on the impact of SHS on the
burden of LRI disease, while other studies looked at the
impact of SHS on the incidence of LRIs.

In contrast, low- and middle-income countries such as
those in Africa continue to lag behind high-income coun-
tries [26—28]. Only a handful of African countries have
comprehensive, or 100%, SFPs covering all public and
privates places, including restaurants, bars, and night
clubs [26, 28] and as a region, Africa is projected to have
the most rapid growth in tobacco smoking by 2025 [29].
Though Sub-—Saharan Africa has the lowest PAFg,;s of
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LRIs DALYs, highest DALYs rate was observed among
children in 5 years compared with other GBD super
regions in the world. The reasons for this need to be ana-
lyzed from the proportion of factors contributing to the
burden of disease in LRIs in Africa. According to previ-
ous studies [6], the impact of household air pollution
and poor handwashing in Sub—Saharan Africa for LRIs
burden is higher than that on SHS burden. However, the
adoption and implementation of evidence-based policy
initiatives to reduce the LRIs burden attributable to SHS
are still paramount. It was reported that children under
5 years of age living in deprived communities were more
likely to be exposed to SHS in the home. And according
to the monotonic relation between DALYs due to LRIs
attributable to SHS and SDI at the national level, some
Sub—Saharan Africa countries, like Somalia and Niger,
with low SDI scores, were estimated to have the higher
burden of LRIs attributable to SHS in 2019. A previous
study has showed that countries with a lower SDI gen-
erally have poor access to healthcare services, includ-
ing limited availability and affordability of diagnostic
and therapeutic measures [30]. Therefore, the burden of
LRIs attributable to SHS among children under 5 years
remained a serious problem in Sub—Saharan Africa.
Although there had been a general decline in the global
burden of LRIs attributable to SHS in under-5s in most
regions from 2010 to 2019, the PAF remained relatively
stable. This might be due to the fact that the overall dis-
ease burden caused by LRI has decreased globally [5],
but SHS exposure remains constant or changes only
slightly. However, it is worth mentioning that the Latin
America and the Caribbean not only has a relatively low
burden of SHS-LRI, but also PAF has been at a low level
from 2010 to 2019. Substantial progress in Latin Amer-
ica and the Caribbean with regards to SHS control can
be attributed to the implementation of strong tobacco
control policies. The adoption of FCTC Article 8, which
focuses on protecting individuals from exposure to SHS,
has been effectively carried out in Latin America through
the Smokefree Americas Initiative. Launched by the
Pan American Health Organization in 2001, this initia-
tive has been made possible by a combination of five key
factors: the emergence of dedicated advocacy groups in
the region, the establishment of a coordinated network
of tobacco control advocates and researchers, collabora-
tion between the government and civil society, technical
support provided by international organizations, and the
availability of funding from developed countries to sup-
port tobacco control efforts in Latin America [31]. These
measures may have significant implications for imple-
menting SHS exposure reduction plans in other regions
with high PAFg,s of LRIs burden. According to our
results, a more continuous and consistent surveillance
of secondhand smoking in Asia and European regions

Page 10 of 12

is needed, as well as strengthening efforts to better con-
trol tobacco use. This could involve the formulation and
enforcement of stringent smoke-free legislation in public
spaces, educational institutions, and indoor areas where
children frequent. Implementing comprehensive public
awareness campaigns would be crucial in elucidating the
detrimental health consequences of SHS and fostering a
societal aversion to smoking around children. Moreover,
governments could consider providing accessible and
affordable smoking cessation programs for parents and
caregivers, addressing the root cause of SHS exposure.
Collaborative efforts between healthcare providers and
schools can lead to educational initiatives that highlight
the risks of SHS, encouraging parents to adopt smoke-
free homes. Health systems could incorporate routine
screenings for SHS exposure during pediatric visits,
allowing for early detection and intervention.

Strengths and limitations of this study

A strength of the study is that we have provided up-to-
date and comprehensive estimates of levels and trends
associated with LRIs attributable to SHS among children
under 5 years at the global, regional, and national levels,
between 2010 and 2019. The study had several limita-
tions. First, data on SHS were self-reported, which might
be prone to underestimation depending on respon-
dents’ perception of the social acceptance of smoking
and recall bias, so there may be errors in the burden of
disease attributed to SHS. Second, the data used in this
study were derived from the GBD database, which only
collected public data and did not include the unpublished
data. Third, the GBD data are only updated to 2019, and
thus, we cannot obtain data from the last three years. The
impact of COVID-19 on LRIs burden in children under
5 years of age attributable to SHS cannot be estimated.
Forth, as a secondary analysis of the GBD data, we have
no additional detailed covariable data to control the bias
and the accuracy and robustness of the GBD estimate
largely depend on the quality and quantity of data used
in the modeling. Finally, the lack of original data in some
regions and the fact that some of the numbers are just an
estimation also is one of the limitations of the GBD study.

Conclusions

Although the burden of LRIs attributable to SHS in chil-
dren under 5 years of age has been substantially improved
globally in recent decades, the progress has varied across
countries. The incidence and DALY rate were closely
associated with the SDI of a country. The burden of LRIs
attributable to SHS in children under 5 years of age in
certain low and middle socioeconomic countries remain
worrisome. This knowledge could guide policy makers
in planning control SHS measures and supply services
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to meet the rising healthcare demands that LRIs and its

comorbidities will create.
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