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ARTICLE INFO ABSTRACT

Handling Editor: Jose L Domingo There is a growing body of modelling evidence that demonstrates the potential for immediate and substantial

benefits to adult health from greenhouse gas mitigation actions, but the effects on the health of younger age

Ke_J’WOY ds: groups is largely unknown. We conducted a systematic review to identify the available published evidence of the
le"f“‘? change modelled effects on child and adolescent health (<18 years of age) of greenhouse gas mitigation. We searched six
Mitigation databases of peer-reviewed studies published between January 1, 1990 and July 27, 2022, screened 27,282
Children .. . . . . . . . . .

Adolescents original papers and included 23 eligible papers. All included studies were set in high- and middle-income
Paediatrics countries; and all studies modelled the effects of interventions that could mitigate greenhouse gas emissions
Health and improve air quality. Most of the available evidence suggests positive benefits for child and adolescent res-

piratory health from greenhouse gas mitigation actions that simultaneously reduce air pollution (specifically
PM2.5 and nitrogen dioxide). We found scant evidence on child and adolescent health from regions more
vulnerable to climate change, or on mitigation interventions that could affect exposures other than air pollution.

Systematic review

1. Introduction

The latest Intergovernmental Panel on Climate Change (IPCC) re-
ported that global surface average temperature is estimated to increase
by 1.6°-2.4 °C (range 1.2-3.0 °C) by mid-century (IPCC et al., 2021).
Fossil fuel combustion is a major source of the greenhouse gases (GHG)
driving climate change (IPCC et al., 2021) leading to negative impacts
on health worldwide including increased mortality, undernutrition,
adverse effects on mental health, and increases in vector- and
water-borne infectious diseases (Lieber et al., 2020; Phalkey et al., 2015;
Stanke et al., 2013; Sharpe and Davison, 2021; Perera and Nadeau,
2022).

There is a growing body of evidence on the potential effects on adult
health of policies designed to mitigate climate change, i.e. reduce
greenhouse gas emissions (Bikomeye et al., 2021; Remais et al., 2014;
Springmann et al., 2017; Shindell et al., 2021). To-date there is little
known about the effects on child and adolescent health of such policies

even though children are known to be more vulnerable to some forms of
climate change-related hazards due to both their physiology and their
social/developmental needs (Ahdoot et al., 2015; Seal and Vasudevan,
2011; Sheffield and Landrigan, 2011; Xu et al.,, 2012; Perera and
Nadeau, 2022; Leffers, 2022). Moreover, children are a particular at-risk
group in that more than 99% of children worldwide have been exposed
to at least one hazardous consequence of climate change (UNICEF,
2021). The available evidence in adults suggests that climate change
mitigation actions to reduce GHG emissions can have positive impacts
on health (so-called “co-benefits”) although they may also have adverse
effects on health (IPCC et al., 2021; UNFCCC, 2021; Haines et al., 2009).
These impacts are defined as “A positive effect that a policy or measure
aimed at one objective has on another objective, thereby increasing the
total benefit to society or the environment.” (IPCC, 2022a). Impacts on
adult health have been demonstrated from mitigation interventions in a
variety of sectors including electricity production, transportation, agri-
culture and food, housing and industry (Gao et al., 2018; Chang et al.,
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2017; Gallagher and Holloway, 2020; Quam et al., 2017).

In addition to being more vulnerable, children are more exposed to
pollutants due to their lower body weight compared to adults (Ahdoot
et al., 2015; Perera and Nadeau, 2022). Thus, investing to protect chil-
dren’s health and future will have important benefits for the society.
Children should be at the centre of policies for sustainable development
and should be treated as equal stakeholders; a fact that is only recently
receiving attention (Clark et al., 2020; Luthen et al., 2021; UNICEF,
2021). The United Nations Committee on the Rights of the Child has
been developing recommendations aimed at protecting a healthy and
sustainable environment for the benefit of children (General Comment
No. 26, 2023).

In this systematic review, we summarize the available published
studies that focus specifically on policies or actions aimed to mitigate
GHG emissions and model the potential impact of such mitigation on the
health of children and young people <18 years. We also identify
research priorities to inform environmental and health policies.

2. Methods
2.1. Search strategy

This review is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) updated
guidelines (Page et al., 2021). The systematic review methods were
published in advance of data collection on the PROSPERO register
(protocol number CRD42021271717).

We performed a search of peer-reviewed literature to identify studies
modelling the effects on health in children and young people <18 years
of age of policy actions intended to (or likely to) mitigate climate change
by reducing emissions of GHGs interventions (See Box 1 for
examples).

We searched the following databases: OvidSP MEDLINE, OvidSP
PubMed, OvidSP EMBASE, Global Health, Scopus, and ISI Web of Sci-
ence for articles published between January 1, 1990 and July 27, 2022.

The search strategy was developed initially in MEDLINE with the
same search terms used with minor adjustments as required for the input
to other databases. The strategy included terms on direct GHGs and air
pollutants, transportation means, dwellings, diets, combined with terms
on climate change, mitigation, sustainability, and terms on general
health impacts and co-benefits (with no restriction to any health out-
comes). The search was restricted to children and adolescents. The full
search strategies for each database are detailed in supplementary ma-
terial (Table S1).

2.2. Selection criteria

We adapted the PICOS model to frame our selection criteria:

Participants: children and adolescents <18 years.

Intervention: any intervention intended or expected to reduce GHGs
emissions.

Comparator: exposures under a counterfactual business as usual
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scenario or current exposure.

Outcome: any type of health outcome

Study design: modelling studies simulating the effect of climate
change mitigation measures on health-related exposures and health
effects.

Additionally, studies had to be published peer-reviewed papers in
English.

Animal studies were excluded as were reviews and systematic re-
views (the reference lists of which were searched for relevant studies).
Epidemiological studies (e.g., observational studies and randomized
control trials) were excluded if they contained no elements of evaluating
modelled mitigation policies and forecasting future outcomes.

2.3. Selection process and data extraction

After removal of duplicates, records obtained through the search
were divided among five reviewers (RP, ADD, JM, RJ, FK) who screened
titles and abstracts for relevance. A random sample of 10% of the records
for each reviewer was screened by a second reviewer from among the
five reviewers. Papers selected for full-text review were read by two
reviewers (RP, ADD). Consensus on any discrepancies was reached
through discussion with a third reviewer (JM). Data were extracted by
two reviewers (RP, RJ). Data included: type of health outcome, type of
exposure, mitigation policy or intervention, population and study
design, geographic area, temporal scale, health metrics (e.g., DALYs,
number of cases, hospital visits), and comparator.

2.4. Risk of bias

The assessment of the risk of bias was carried out by two independent
researchers (RP and RJ), and discrepancies resolved through consensus
with a third researcher (JM). A checklist was generated by adapting the
guidelines described in Hess et al. (2020) and Bennett and Manuel
(2012). The checklist assessed whether the papers reported several el-
ements, such as mitigation policies, study area, sources for population,
emission and health data, scenarios, assumptions,
concentration-response function, uncertainty and sensitivity analyses,
and valuation. Each criterion of the checklist was scored as reported
(score = 1); partially reported (score = 0.5); not reported (score = 0).
The quality of each study was represented by the score percentage ob-
tained by dividing the total score by the number of criteria evaluated in
the assessment.

2.5. Data synthesis

Eligible papers were divided into two tiers. Tier 1 papers reported
results specific to age categories <18 years old. Data from tier 1 studies
were extracted as described in 2.3 above. The heterogeneity of models,
methods, assumptions, policy and GHG reduction scenarios, and
exposure-response coefficients did not allow for any meta-analyses to be
performed. The main results of individual studies were reported in tables
and summarized in narrative form. Tier 2 papers included children and

limited to:

- Switching to low carbon energy and transport systems.
- Switching to cleaner forms of household energy.

practices.

Box 1. Examples of policy actions searched for include, but are not

- Policies to reduce trip distances and switching journeys to active forms of travel (walking, cycling).
- Policies that encourage the adoption of more sustainable dietary patterns which, in turn, would reduce emissions by changing agricultural
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adolescent populations, but the age categories did not allow separation
of the population under 19 years from older individuals. Data extracted
included: geographic area, mitigation policy or intervention, air pol-
lutants, and health outcomes.

2.6. Role of the funding source

The funder did not play a role in the design and conduct of the study,
collection, analysis, and interpretation of the data, preparation, review,
or approval of the manuscript.

3. Results
3.1. Literature search

The initial search identified 35,881 studies with two additional re-
cords obtained through citation searches. After removing duplicates,
27,282 unique records were screened based on titles and abstracts, and
86 were included for full text review (Fig. 1). After full-text review, 18
studies were excluded because they included only populations older
than 18 years of age, 40 were excluded because of their study design (e.
g., did not include models evaluating climate change mitigation policies;
reviews), and one was excluded because it was not in English. We could
not retrieve the full text of three papers. In total, 23 records reporting
models of the effects on child and adolescent health of GHG mitigation
policies were eligible (Fig. 1). Of these eligible studies, 16 papers were
included in tier 1 (specific to <18 years) level, and 7 papers were
included in tier 2 (<18 years and adults combined).

3.2. Geographical setting

Most Tier 1 studies modelled actions in the USA (n = 6), and Europe
(n = 5); other settings included Asia (n = 4), Latin America (n = 1) and

Environmental Research 238 (2023) 117102

Australia (n = 1). No studies were set in Africa (Table 1). Tier 2 studies
were set in high-income countries (n = 5) and upper-middle-income
countries (n = 2) (Table S2).

3.3. Sectors

Scenarios explored the consequences of mitigations policies mainly
in three sectors: energy, housing, and transportation (Table 1). Sectors
were classified according to the definitions adopted in the Sixth
Assessment Report of the IPCC (IPCC, 2022b). Five studies modelled
scenarios where the reduction of particulate matter, i.e. PM2.5 and
PM10, and ozone were the result of interventions in the energy sector
(Abel et al., 2019; Kan et al., 2004; Perera et al., 2020; Thompson et al.,
2016; Schucht et al., 2015). Two of these studies included scenarios
evaluating the effects of a CO2 tax and cap-and-trade policy (Kan et al.,
2004; Thompson et al., 2016). A study set in Europe modelled the effects
of current and planned air quality legislations until 2030, with or
without other restrictions to keep the average global temperature below
2 °C by 2100; their models entailed reductions of PM2.5 b y 75% with air
quality legislations without Climate Change policies, and an additional
68% reduction with air quality legislation and policies to limit global
temperature (Schucht et al., 2015).

Three studies focused on household air pollution, and the reduction
of PM2.5 and PM10 through the use of more efficient and clean boilers
(Adamkiewicz et al., 2021), reduction of the use of solid fuels (Staff
Mestl et al., 2006) and the use of low emissions cook stoves (Wilkinson
et al., 2009). Five studies simulated interventions on the transport
sector. Four of them simulated the reduction of PM2.5 and NO2 through
interventions on ground transportation such as limiting vehicle use,
limiting speed, re-distributing traffic (by building a new section of
highway), or promoting use of alternatives to cars (Host et al., 2020;
Malmgpvist et al., 2018; Schram-Bijkerk et al., 2009; Xia et al., 2015).
One study simulated the use of a low emission technology at a rail yard

[ Identification of studies via databases ] [ Identification of studies via other methods ]
—
- Records identified from:
2 Databases (n=41386): Medline
g (2528), EMBASE (2480), PubMed .| Records removed before screening. Records identified from:
:;E (1964), Web of Science (20160), Duplicate records removed: n = 14104 Citation searching: n=3
§ Global Health (3615), Scopus
(10639)
—
\ 4
Records screened: —»] Records excluded: n = 23468
n=27282
\ 4 v
> Full texts sought for retrieval: o i Full texts sought for retrieval: Full texts not retrieved:
s _ »| Full texts not retrieved: n=3 _ > _
S n=289 n=3 n=0
Q
S
w
v v
Full texts assessed for eligibility: _ | Fulltexts excluded Full texts assessed for _| Full texts excluded:
n=86 L Population >18 years old: n = 18 eligibility: n = 3 ™ nh=0
Study design: n =45
Language: 1
S
r—
i Studies included in this review: P
3 n =23, divided as: =
E Tier1:n =16 Tier2:n=7
ormm—

Fig. 1. Flow diagram of search. Modified from Page et al. (2021).
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Table 1
Characteristics of tier 1 studies.
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Sectors Reference Study location Scenarios Timeline Pollutant: reduction
No specific sector/ Cifuentes et al., Santiago (Chile), Mexico Reduction of GHG emissions over 20 years through BY:2000 PM10, O3
multiple sectors 2001 City (Mexico), Sao Paulo  the use of available technologies to mitigate GHG Model: 2020 10% reduction

Hubbell et al.,
2005
Kuylenstierna
et al., 2020

Energy Abel et al., 2019

Kan et al., 2004

Perera et al., 2020

Schucht (2015)

Thompson et al.,

2016
Household Adamkiewicz
et al., 2021

Staff Mestl et al.,
2006

(Brasil), NYC (USA)
USA

Bangladesh

Continental USA

Shanghai (China)

North-East of the USA

Europe

USA

Poland (two provinces)

Shanxi province (China)

emissions in energy, transport, residential, and
industrial sectors

Reduction of ozone to meet the US EPA daily 8-h
standard

NDC existing measures: 15% reduction energy use by
2021, 20% reduction by 2030.10% electricity from
renewables in 2020.100% brick kilns converted to
zigzag kilns by 2030.1.5 million improved cookstoves
in 2015

NDC additional measures: 100% new coal-based
plants use new more efficient technology.15%
improvement in fuel efficiency by 2030. Increase
wind and solar capacity.

NDC possible measures: All biomass stoves replaced
by improved ones or LPG by 2030.25% reduction
energy intensity by 2030. Alternate wetting and
drying of rice paddies (20%). 70% landfill gas
captured by 2030.50% organic waste diverted from
landfill to composting.

SLCP action: 100% of rice parboiling units converted
to efficient units by 2040. No crop residue burned in
fields by 2040.100% of vehicles meet Euro IV
standard by 2030. Type II and Type II Passenger cars
running on motor gasoline converted to CNG by
2040.17% Reduction of CH4 emissions from livestock
by 2040.100% domestic wastewater in urban areas
treated through aerobic treatment plant, and 100% of
domestic wastewater in rural areas through septic
tanks by 2040.100% reduction in emissions from
natural gas distribution and processing by 2040
Scenario 1 = current power system. No energy
efficiency.

Scenario 2 = energy savings of 348 TWh annually (or
91 TWh decrease in generation over the
summertime). 15% reduction of electricity.

Scenarios to reduce PM10 through energy efficiency,
gas replacing coal, CO2 tax

Evaluation of the US Regional Greenhouse Initiative

Impact of climate policies on air quality.

Reference: All current and planned air quality
legislations until 2030. No policies for Climate
Change

Mitigation: All current and planned air quality
legislations until 2030. Limit on global temperature
change to 2 °C in 2100.

Analysis of two subnational carbon policies

Scenario 1: CES, clean energy standard

Scenario 2: CAT, cap-and-trade

Scenario 1: replacement of all poor-quality coal-fired
boilers with gas boilers

Scenario 2: replacement of all poor-quality coal-fired
boilers with low-emission boilers but still using solid
fuels

Scenario 3: thermal refurbishment of houses with the
worst insulation.

Reduction household solid fuels (mostly coal) for
cooking and heating

BY: 2000-2002

BY: 2010
Model: 2030

BY: 2016

BY: 2000
Model: 2010,
2020

Evaluation
from 2009 to
2014

BY: 2005
Models: 2050

BY: 2006
Model:
2012-2030
BY:2015

BY: 2000

03: reduce to <84 ppb any
area that is above this limit
PM2.5 (kilotonnes) in 2030
Baseline: 1157

NDC existing: 79 (—10%)
NDC additional: 0 (0%)
NDC possible: 225 (—30%)
SLCP action: 41 (—5%)

All measures: 345 (—45%)

Summer (3 month) average:
03: 66.56 ppbv
(29.47-125.29)

PM2.5: 3.11 pg/m>
(0.787-38.08)

Reduction from baseline:
03: 0.313 (0.45%)

PM2.5: 0.022 (0.55%)
PM10 (ug/m>) 2000 2010
2020

Base case: 27.66 39 54.1
Energy efficiency: 37 48
Gas: 30 35

CO2 tax: 22 21

PM2.5: reduction shown at
county level in a map

PM2.5 (pg/mS), annual
population weighted
average

Baseline 6200 per million
inhabitants

Reference 1500 (—75%)
Mitigation 500 (additional
—68%)

PM2.5, 03: reduction
shown in a map

PM10 (pg/m3), annual
population weighted
concentration

Lower Silesia

Baseline: 33.5 pg/m®

Sc.1: 10.2; Sc.2: 7.82; Sc.3:
5.01 pg/m>

Lodzkie province

Baseline: 42.5 pg/m®

Sc.1: 12.8; Sc.2: 10.6; Sc.3:
9.12 pg/m?®

PM10 (pg/m®)
Background. Winter: 140;
Summer: 80

(continued on next page)
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Table 1 (continued)
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Sectors Reference Study location Scenarios

Timeline Pollutant: reduction

Wilkinson et al., India
2009

Galvis et al., 2015
Host et al., 2020

Atlanta (GA, USA)
Greater Paris (France)

Transportation

restrictions

Introduction of low-emissions household cookstoves

Adopting low emissions technology at a rail yard
Four low emission zones scenarios involving traffic

After intervention:
Urban: reduce PM10 by
9700 tonnes/yr

Rural: reach background
levels

PM2.5 (pg/m>)

24-h personal exposures:
200-500

Reduction to 35

PM2.5 (3% and 5%)
NO2 in Paris

1. BAU: 28-55 pg/m®
Reduction: 20-42 pg/m°>
1. BAU: 29-58 pg/m®
Reduction: 24-51 pg/m®

BY: 2010
Model: 2020

BY: 2011
BY: 2018-2019

Malmgqvist et al., Malmo (Sweden) Model of exhaust-free transport BY: 2016 NO2: reduction of 5.1 pg/
2018 m? at individual level from
baseline.
Baseline: City Hall 14 pg/
m3; Roadside 30 pg/m?;
Background 3 pg/m>
Schram-Bijkerk Netherlands Simulation 1: speed limit reduction from 100 to 80 Model: 2020 NO2: 2% reduction
(2009) km/h at 9 highway sections
Simulation 2: traffic re-allocation by building a new
highway section in the corridor Schiphol-Amsterdam-
Almere.
Xia et al., 2015 Adelaide (Australia) Decrease km travelled by vehicles (% reduction) BY: 2010 PM2.5 (pg/mS), annual
Increased cycling: scenarios 1 (5%) and 2 (10%) Model: 2030 average (95%CI)

Increased public transport: scenarios 3 (20%) and 4

(30%)

Alternative transport: scenario 5 (40%)

Baseline: 0.99 (0.63-2.42)
BAU 2030: 1.51 (0.95, 3.69)
5%: 1.38 (0.85, 3.44)

10%: 1.38 (0.84, 3.44)
20%: 1.34 (0.85, 3.21)
30%: 1.19 (0.74, 2.98)
40%: 1.12 (0.68, 2.77)

Abbreviations: BAU = business as usual; BY = base year; GHGs = greenhouse gasses; NDC=Nationally Determined Contribution; ppb = parts per billion; ppbv = parts

per billion by volume; SLCP = short-lived climate pollutants.

(Galvis et al., 2015).

One study modelled the effects of reducing tropospheric ozone to the
legal limit in areas that were above this limit without targeting a specific
sector (Hubbell et al., 2005). Another study simulated PM10 and ozone
reductions from multiple sectors, i.e. energy, transport, residential and
industrial, or transport and energy (Cifuentes et al., 2001). Overall,
PM2.5 was investigated in seven papers, followed by PM10 and ozone in
four papers, and NO2 in three papers. One study estimated the effect of
four policy scenarios on several air pollutants, including PM2.5, from
several sectors, i.e. energy, industry, transport, agriculture, and resi-
dential buildings (Kuylenstierna et al., 2020).

Of the tier 2 studies, most papers modelled interventions to the
transportation sector, i.e. six studies (Table S2).

3.4. Policy baselines and temporal scales

All studies set base years starting from the year 2000 or later to
determine the baseline of air pollutant concentrations and associated
health effects (Table 1). Eight papers simulated the effects on health that
would have occurred if mitigation policies had been adopted in the past
(Table 1). Four papers simulated projections of effects on health be-
tween 2010 and 2020. One paper evaluated the impact of an existing
GHG reducing policy over a period of five years (Perera et al., 2020), one
over a period of 20 years (Cifuentes et al., 2001), and one over a period
of 30 years (Kuylenstierna et al., 2020). The years between 2030 and
2050 were frequently used for climate change projections (IPCC et al.,
2021), but only one paper included in this review simulated health
impacts in 2050 (Schucht et al., 2015), and three papers reported on
scenarios set in 2030 (Thompson et al., 2016; Xia et al., 2015; Kuylen-
stierna et al., 2020).

3.5. Change in GHGs

In all included papers the GHG mitigation effect was mainly esti-
mated in terms of a reduction of air pollutants such as PM2.5 or NO2,
which in turn was used to estimate the effect on air pollutant concen-
trations and health. Six papers also estimated the effect of the in-
terventions on GHG emissions as well (see scenarios in Table 1).

Abel et al. (2019) reported that according to their model on energy
efficiency, there would be a reduction of CO2 of 64.5 Mt (11.6%
reduction) in summer, or 258.5 Mt in a year. Kuylenstierna et al. (2020)
estimated the impacts of four policy scenarios on GHG emissions and air
pollution from several sectors in Bangladesh. The scenarios included
three versions of the Nationally Determined Contributions (NDCs), i.e.
current, with additional measures, and with potentially additional
measures, and one scenario to reduce short-lived climate pollutants
(SLCPs). They reported that existing NCDs would reduce CO3 by 17% in
2030 compared to baseline, but the effect on methane would be negli-
gible (—1%). However, the four policies combined would reduce CO4
and methane by 25% and 34%, respectively. Schucht et al. (2015)
showed that tropospheric ozone increases slightly from 2005 to 2050 in
the reference scenario because of the effects of global warming and
pollution from outside Europe, but there would be a >85% reduction in
the mitigation scenario. Thompson et al. (2016) evaluated a scenario in
the energy sector, i.e. the clean energy standard, and a cap-and-trade
scenario, and calculated a 14% decrease of carbon between 2012 and
2030 in both cases. Wilkinson et al. (2009) calculated that the
replacement of traditional stoves with low-emissions stoves over 10
years in India could reduce the emission of several pollutants equal to
0.5-1 billion tonnes CO2-equivalent. Xia et al. (2015) simulated five
scenarios in the transport sector in one Australian city with the reduc-
tion of kilometres travelled by vehicles. They showed that the CO2
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emitted would be 5060.35 tonnes/day at baseline in 2010 and would
increase to 8131.67 tonnes/day in a BAU scenario by 2030. However,
the five scenarios resulted in emission reductions that ranged from 5%
(7804.78 tonnes/day) to 40% (5516.59 tonnes/day) by 2030.

3.6. Health effects

The effects on child and adolescent respiratory health of GHG miti-
gation was the most frequently reported outcome (n = 13). Respiratory
diseases included asthma, bronchitis, lower and upper respiratory
symptoms, and wheeze. Asthma was the most studied respiratory dis-
ease (n = 7). In all cases the effects on health were modelled based on
changes in exposure to air pollutants: the most investigated exposure
was PM2.5 (n = 8), followed by PM10 and ozone (n = 4, each) and NO2
(n = 3) (Table 2).

The policy interventions to mitigate climate change were grouped
into four types (Table 1).

The most investigated exposure/outcome relationship was PM2.5/
respiratory diseases in 7 papers, followed by NO2 and PM10/respiratory
diseases in 3 papers (Fig. 2, Table 2).

3.6.1. Energy sector and asthma

One study estimated that implementing energy efficiency measures
that reduce electricity demand in the USA may reduce the concentration
of ozone and PM2.5 b y 0.45% and 0.55%, respectively, over one sum-
mer (June, July, August), and reduce the number of asthma cases in
children aged 6-18 years old by 123,000 (95%CI = —106000, 299,400)
and 4600 (95%CI = —270, 10,500), respectively (Abel et al., 2019)
(Table 2). One study estimated that 537 asthma cases would have been
avoided following the reduction of PM2.5 under the Regional Green-
house Gas Initiative in the North-East of the USA between 2009 and
2014 (Perera et al., 2020). Thompson et al. (2016) analysed the effects
of two different policies to reduce air pollution on three different res-
piratory outcomes in children 5-6 to 12 years old. They showed that the
cap-and-trade approach to reduce emissions from all sectors would be
more beneficial than a policy focused on energy only (Table 2).

3.6.2. Transportation sector and asthma

One study on using low-emissions technology for railyard locomo-
tives conducted in Atlanta (USA), showed a reduction of the annual
mean incidence of three asthma symptoms in children aged 0-18 years
(Table 2) (Galvis et al., 2015). One study conducted in Paris (France),
investigated the effect of the implementation of hypothetical low
emission scenarios reducing NO2 for one year. The model of the more
severe restrictions banning more types of vehicles showed that with a
25-30% reduction of NO2 there would be a reduction of prescriptions to
treat asthma among children aged 0-17 years of 2.5% (95%CI = 0.6,
4.4%) (see other scenarios in Table 2) (Host et al., 2020). The health
benefit was higher when the model included the towns surrounding
Paris within the perimeter of the A86 motorway (4.8%, 95%CI = 1.2,
8.2%). One study set in the USA using two methods to model the health
effects of reducing the ozone concentration to below 84 ppb showed that
in children under 2 year of age there was a progressive reduction of
hospital admissions due to respiratory symptoms over the course of
three years (Table 2) (Hubbell et al., 2005). One study reported the
reduction of NO2 after simulating exhaust free transport in Malmo
(Sweden) would reduce the incident cases of asthma in children aged
5-14 years by 6% from the baseline (Table 2) (Malmgqvist et al., 2018).
Two studies on two different traffic interventions in the Netherlands
showed very little effect by the reduction of NO2 on the attributable
cases of wheezing in children aged 7-12 years (Table 2) (Schram-Bijkerk
et al., 2009). One study modelling the effects of legislations to improve
air quality showed a three-fold decrease of respiratory medications use
and lower respiratory symptoms among children aged 5-14 years if
additional mitigation measures to keep the average global temperature
increase below 2 °C by 2050 are introduced (Table 2) (Schucht et al.,
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2015).

3.6.3. Other health effects

The reduction of air pollutants through mitigation policies in all
sectors examined in this review were estimated to have benefits on other
respiratory symptoms in children and adolescents including bronchitis
(Adamkiewicz et al., 2021; Cifuentes et al., 2001; Malmgqvist et al., 2018;
Thompson et al., 2016; Galvis et al., 2015), lower and upper respiratory
symptoms (Galvis et al., 2015; Schucht et al., 2015; Thompson et al.,
20165 Wilkinson et al., 2009; Xia et al., 2015), and chronic respiratory
infections (Staff Mestl et al., 2006) (Table 2). Mitigation policies (lead-
ing to reduction of air pollution) were also estimated to decrease hos-
pital admissions and visits for all causes among children aged less than
19 years (2 studies) (Cifuentes et al., 2001; Kan et al., 2004), reduction
of adverse perinatal outcomes (2 studies) (Host et al., 2020; Perera et al.,
2020), and fewer school absences (2 studies) (Hubbell et al., 2005;
Thompson et al., 2016) (Table 2). One study estimated that the U.S.
Regional Greenhouse Gas Initiative would decrease the number of cases
of autism in children aged 0-18 years (Perera et al., 2020). Four studies
estimated that mitigation policies would reduce the number of cases of
infant mortality (Cifuentes et al., 2001; Galvis et al., 2015; Schucht et al.,
2015; Kuylenstierna et al., 2020).

In tier 2 papers, a variety of health outcomes were used, e.g. DALYs,
life expectancy, years of life lost, and QALYs (supplementary material,
Table S2). Most tier 2 papers simulated the health impact of decreasing
PM2.5 (4 papers), followed by PM10 (2 papers), and ozone (1 paper).

3.7. Economic valuation

Three studies modelled the economic impact of child and adolescent
improvements in health resulting from GHG mitigation policies
(Table 2). Galvis et al. (2015) calculated the savings based on the
willingness-to-pay of to avoid three respiratory outcomes in children for
periods of 1 or 6 days. Perera et al. (2020) calculated the savings over a
period of five years, estimating that the total saving across the modelled
health outcomes in the US states implementing the regional Greenhouse
Gas Initiative would range from $97.8 million to $178.8 million, and
inclusion of neighbouring states would increase the savings to $191.5
million to $350.1 million. Hubbell et al. (2005) estimated the costs that
could be avoided if the tropospheric ozone levels were reduced to the US
EPA standard. They estimated that in the year 2000 the cost-of-illness
for one hospital admission for respiratory diseases would be $7741,
and the cost of school absences would be $75 per day because of missing
workdays by one parent who has to care for the sick child.

Three out of seven tier 2 papers calculated the economic impact of
the health gains derived from GHG mitigation interventions (supple-
mentary material, Table S2).

3.8. Other characteristics

Most papers fulfilled the criteria of providing basic information on
the description of the modelled scenarios, the sources of the data, and
tools or functions required to run the simulations (Table S3). On
reporting their results, ten papers provided only absolute numbers and
did not standardise the health impact using for instance rates per
100,000 people, or percentages. Whilst 11 papers conducted the un-
certainty analysis of the parameters, only five also conducted sensitivity
analyses. Ten papers briefly discussed the achievability of the scenarios,
or how to reach the goals set in the scenarios (e.g., taxation), or the
potential to scale up the intervention. Only one paper fulfilled the cri-
terion of indicating where the data and codes were available or stating
why they could not be shared.

Eight studies estimated a more realistic implementation of their
scenarios with effects occurring in the future, while eight papers simu-
lated the effects after the immediate removal of the air pollutant. Thir-
teen papers simulated the health impacts of mitigation interventions
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Table 2

Health impacts in children and adolescents.
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Pollutant ~ Reference Age

(years)

Population size

Health impact

Health impact Endpoint valuation.

Avoided costs.

NO2 Host et al., 2020 0-17

Newborns

Malmgqvist et al., 5-14
2018

Schram-Bijkerk 7-12
(2009)

PM2.5 Abel et al., 2019 6-18

Galvis et al., 2015 Infants

7-14

Kuylenstierna <5
et al., 2020

Perera et al., 2020 <18

LEZ enlarged: 995,605
LEZ Paris: n/r

LEZ enlarged: 70,121
LEZ Paris: n/r

n/r

Children living within 500 m of
highway. Before and after
intervention: 6882

Before intervention: 4411
After intervention: 4638

n/r (source: US census)

n/r (source: Atlanta census)

n/r (source: Atlanta census)

n/r (source: Atlanta census)

n/r (source: Atlanta census)

n/r (source: Atlanta census)

n/r (source: Atlanta census)

n/r (source: UN DESA)

n/r (source: US census)

Asthma (prescriptions
for treatment)

LBW

Bronchitis symptoms

Asthma incidence
Wheeze (speed limit
reduction)

Wheeze (traffic re-
allocation)

Asthma exacerbations

Mortality, all causes

Hospital admission,
asthma
Acute bronchitis

Lower respiratory
symptoms

Upper respiratory
symptoms

Asthma exacerbation,
cough

Asthma exacerbation,
shortness of breath
Asthma exacerbation,
wheeze

Premature death

Pre-term birth

Low birth weight

Annual cases (rate/100,000
people): 43,325 (4352)
Percentage of case reduction for
1 year (95%CI)

LEZ Paris Ban Low: 1.5 (0.4, 2.6)
LEZ enlarged Ban Low: 3.0 (0.7,
5.2)

LEZ Paris Ban high: 2.5 (0.6, 4.4)
LEZ Enlarged Ban High: 4.8 (1.2,
8.2)

Annual cases (rate/100,000
people): 1835 (2616)
Percentage of case reduction for
1 year (95%CI)

LEZ Paris Ban Low: 2.4 (0, 4.7)
LEZ enlarged Ban Low: 4.6 (0,
9.1)

LEZ Paris Ban high: 4.2 (0, 8.2)
LEZ Enlarged Ban High: 7.7 (0,
15)

Baseline n | Reduced cases (% of
baseline n)

957 | 95 (10%)

354 | 21 (6%)

Attributable cases (95%
prediction interval)

Before intervention: 391
(69-775)

After intervention: 384 (68-763)
Before intervention: 201
(27-413)

After intervention: 206 (28-416)
Cases avoided on summer
exposure (95%CI)

123,000 (—106000, 299,400)
Mean reduction in annual
incidence (SD)

0.01 (0.01)

0.02 (0.01)

1.4 (0.8) Willingness to pay, 6
days (age 0-17)
$670 + 500 (mean
annual+SD)

18 (5) Willingness to pay, 1
day (age 0-17)
$370 + 170 (mean
annual+SD)

25 (10) Willingness to pay, 1
day (age 0-17)
$800 + 500 (mean
annual+SD)

340 (164)

121 (128)

40 (16)

Ambient Household

2010 11,000 30,000

2030 baseline 5000 11,000

2030 NDC existing 5000 11,000

2030 NDC existing+ 5000

11,000

additional

2030 NDC existing+ 5000 5000

additional + possible

2030 NDC + SLCP 4000 5000

Number of cases avoided

between 2009 and 2014

112

56 $0.8 millions
(2009-2014)

(continued on next page)

$7.5 millions
(2009-2014)
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Table 2 (continued)
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Pollutant  Reference Age

(years)

Population size

Health impact

Health impact Endpoint valuation.

Avoided costs.

Schucht (2015) 0-1

5-14

Thompson et al.,
2016

Wilkinson et al., <5
2009
Xia et al., 2015 0-4

PM10 Adamkiewicz et al., 6-18
2021

Cifuentes et al., <1
2001

<5

n/r (source: UN World Population
Prospects, 2010%)

n/r (source: UN World Population
Prospects, 2010%)

n/r (source: census)

n/r

n/r

n/r

n/r (source: national census)

n/r (source: US census)

n/r (source: US census)

Asthma

Autism spectrum
disorder
Infant mortality

Respiratory medications

use

Lower respiratory
symptoms

Acute bronchitis

Lower respiratory
symptoms

Acute Lower
Respiratory Infections
Respiratory disease

Bronchitis

Infant mortality

Hospital admissions, all
causes

537 $12.1-47.4 millions
(2009-2014)

98 $171-294.4 millions
(2009-2014)

Year Number of premature

deaths

2005 1700

2050,200 (reference)

2050,100 (mitigation)

Year Days (millions)

2005 4.3

2050 1.0 (reference)

2050 0.3 (mitigation)

Year Days (millions)

2005 211.6

2050 50.4 (reference)

2050 16.2 (mitigation)

CES | CAT

Incidence (95%CI) | Incidence

(95%CI)

North East 5281 (-193, 10,616)

| 2873 (-105, 5781)

Other states 1134 (—41, 2290) |

380 (—14, 769)

CES | CAT

Incidence (95%CI) | Incidence

(95%CI)

North East 67,239 (32,417,

101,402) | 36,197 (17,518,

54,386)

Other states 14,318 (6925,

21,524) | 4657 (2286, 6890)

Avoided cases 2010-2020

240,000

BAU 2030: ref.

PM2.5 reduction Relative risk |

Attributable risk

5% 1.0006 | 0.0006

10% 1.0007 | 0.0007

20% 1.0009 | 0.0009

30% 1.0016 | 0.0016

40% 1.0020 | 0.0020

BAU 2030: ref.

PM2.5 reduction Relative risk |

Attributable risk

5% 1.0004 | 0.0004

10% 1.0004 | 0.0004

20% 1.0005 | 0.0005

30% 1.0010 | 0.0010

40% 1.0012 | 0.0012

Annual health impact reduction.

Cases (% reduction, per 100 k a)

Lower Silesia

scenario 1: 9602 (27.7%, 331/

100 k a)

scenario 2: 7303 (21.1%, 252/

100 k a)

scenario 3: 4628 (13.4%, 160/

100 k a)

Lodzkie province

scenario 1: 9880 (26.8%, 395/

100 k a)

scenario 2: 8067 (21.9%, 323/

100 k a)

scenario 3: 6932 (18.8%, 277/

100 k a)

Cases avoided (95%CI)

Mexico city 3065 (1187, 4944)

Sao Paulo 701 (271, 1130)

Santiago 320 (124, 516)

NYC 56 (43, 75)

Total 4100 (1600, 6700)

Mexico city 4475 (2282, 6668)

Sao Paulo 4638 (2365, 6911)

(continued on next page)
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Pollutant  Reference

Age
(years)

Population size

Health impact

Health impact Endpoint valuation.

Avoided costs.

Kan et al., 2004

Staff Mestl et al.,
2006

03 Abel et al., 2019

Cifuentes et al.,
2001

Hubbell et al., 2005

Thompson et al.,
2016

<5

<2

n/r (source: US census)

n/r (source: US census)

n/r (source: Shanghai Bureau of
Statistics)

n/r (source: China Census, 2000)

n/r (source: US census)

n/r (source: US census)

n/r (source: 2000 U.S. Census)

n/r (source: 2000 U.S. Census)

n/r (source: census)

Medical visits

Acute bronchitis

Outpatients visits
(pediatrics)

Chronic respiratory
infection

Asthma exacerbations

Hospital admissions, all
cause

Total hospital

admissions, respiratory

School absences

Asthma exacerbation

School loss days

Santiago 2788 (1422, 4154)
NYC -

Mexico city 87,064 (19,217,
154,912)

Sao Paulo 87,377 (19,286,
155,468)

Santiago 28,054 (6192, 49,916)
NYC -

Total 202,000 (45,000,
360,000)

Mexico city 89,897 (0, 200,805)
Sao Paulo 36,157 (0, 80,764)
Santiago 20,876 (0, 46,631)
NYC 14055 (6838, 20,893)
Total 161,000 (0, 350,000)
Cases reduced compared to base
case scenario

Energy efficiency scenario
Year Cases reduced (95%CI)
2010 2807 (1010, 4571)
2020 5173 (1855, 8453)

Gas scenario

Year Cases reduced (95%CI)
2010 13,000 (4686, 21,150)
2020 29,000 (10,420, 47,280)
CO2 tax scenario

Year Cases reduced (95%CI)
2010 24,660 (8896, 40,050)
2020 48,590 (17,500, 79,080)
Median percentage reduction
(geometric SD)

urban no coal: 8.7 (2.5)

rural no coal: 80.3 (1.9)

rural improved: 57.8 (2.3)
Cases avoided on summer
exposure (95%CI)

4600 (—270, 10,500)

Mexico city 721 (79, 1363)
Sao Paulo 447 (49, 846)
Santiago 153 (17, 289)

NYC -

Cases reduced (5th, 95th
percentiles)

Million in 2000 US$
(5th, 95th percentiles)
Quadratic method | Percentage Quadratic | Percentage
method 16 (8.7, 24) | 12 (7.7,
2100 (1100, 3100) | 1900 (970,  22)

2800)

Cases reduced (5th, 95th
percentiles)

Million in 2000 US$
(5th, 95th percentiles)
Quadratic method | Percentage Quadratic | Percentage
method 75 (26, 130) | 58 (23,
970,000 (350,000, 1,700,000) | 120)

890,000 (310,000, 1,500,000)

CES | CAT

Incidence (95%CI) | Incidence

(95%CI)

North East 68,971 (—20923,

13,957) | 13,905 (—4220,

28,032)

Other states —21416 (—43253,

6483) | 4513 (—1369, 9107)

CES | CAT

Incidence (95%CI) | Incidence

(95%CI)

North East 50,061 (17,685,

111,203) | 10,083 (—4220,

28,032)

Other states —15557 (—34641,

—5494) | 3280 (1159, 7296)

Abbreviations: BAU = business as usual; CAT = cap-and-trade; CES = clean energy standard; FEV1 = forced expiratory volume; FVC = forced vital capacity; IMO-
=International Maritime Organization; LEZ = low emission zones; n/r = not reported in paper; ppb = parts per billion.
@ https://www.un.org/en/development/desa/publications/world-population-prospects-the-2010-revision.html
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Fig. 2. Sankey diagram showing the relationship between sectors and air pollutants, and between air pollutants and health outcomes in children. The width of each
flow linking two nodes is proportional to the number of studies investigating that link. NSS/MS: no specific sector/multiple sectors.

connected with policies or specific existing technologies, and three
studies did not specify any policies or technologies.

4. Discussion

Climate change presents a range of direct and indirect threats to child
health (Hellden et al., 2021; Bikomeye et al., 2021; Xu et al., 2014). This
systematic review summarises the current available published evidence
from modelling studies estimating the potential impact of GHGs miti-
gation strategies on child and adolescent health. We identify largely
significant and positive effects on health from climate mitigation in-
terventions, albeit an evidence that is skewed towards changes in air
quality.

Indeed, all 16 studies that we identified reported benefits to child
and adolescent health from policies that reduce air pollution as a
consequence of mitigating the emission of GHGs. Most studies focused
on respiratory conditions, with asthma being the most studied outcome,
and evidence was also available on birth outcomes, mental health,
hospital admissions, all-cause mortality and school days lost. No studies
were identified that estimated the effects of GHG mitigation on ambient
temperatures, and the consequent effects on health from reduced heat
exposure. Nor did we find any studies evaluating the effects on health of
interventions to promote dietary changes, with related consequences on
the agriculture sector and its emissions. Future studies should include
additional sectors that are significant sources of emissions, such as the
Agriculture, Forestry and Other Land Use sector, which is responsible for
13-21% of GHG emissions (Nabuurs et al., 2022), and the urban sys-
tems, which are drivers of GHG emissions (Lwasa et al., 2022). Addi-
tionally, modelling cross-sectoral policies may reveal synergistic effects
on reducing emissions and have enhanced positive co-benefits for chil-
dren’s health (Babiker et al., 2022).

Perhaps unsurprisingly given the greater need for climate change
mitigation in higher-emission, higher-income settings, 12 of our 16
studies were set in high-income countries (HIC), especially in Europe
and USA. Four studies set their models in upper-middle income coun-
tries, and one in a lower-middle income country. No studies were set in
low-income countries despite their likely vulnerability to the impacts of
climate change, the young age of their populations and concurrent
development including rapid urbanisation. This geographical limitation
may cause an underestimation of the impact of GHG mitigation policies
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at a global scale. UNICEF has introduced the Children’s Climate Risk
Index according to which the severity of the health risks is extremely
high in the South Asian countries, some of the South-East Asian coun-
tries, and most of the African countries between the tropics (UNICEF,
2021). Hence, it is recommended that more studies on the long-term
effects of mitigation policies on children’s health should be set in
countries where the impact of Climate Change is most severe.

Most human activities that contribute to GHG emissions also
contribute to adverse effects on air quality, and the likely net benefits for
health of climate change mitigation actions because of improved air
quality has been reported in numerous studies of the adult population
(Gao et al., 2018; Chang et al., 2017; Gallagher and Holloway, 2020;
Quam et al., 2017). There have been far fewer studies that have exam-
ined the impacts in children, but they all describe the harmful conse-
quences on children health of climate change due to GHG emissions
(Hellden et al., 2021; Leffers, 2022; Perera and Nadeau, 2022). UNICEF
published reports on the seriousness of the threat that Climate Change
poses to children’s health and wellbeing (UNICEF, 2015; UNICEF,
2021).

The studies included in our review modelled only some of the
possible health effects of mitigating GHG emissions. Important omis-
sions are likely to include estimations of the effect of GHG mitigation on
ambient temperatures, and the consequent future health benefits from
the reduction of heat exposure (Chapman et al., 2022; Chersich et al.,
2020); evaluation of interventions that promote dietary changes and
food security, with related consequences on the agriculture sector, its
emissions, and consequent health benefits (Willett et al., 2019); esti-
mation of how different building, town planning and transport models
affect emissions, physical activity and health (Smith et al., 2017).
Additionally, impact on inequalities is an important aspect of studies of
climate change mitigation and health, but we found very limited pub-
lished evidence (Ajanovic et al., 2020). In their review of reviews, Arpin
et al. (2021) suggested that climate change may exacerbate child health
inequalities between HIC and low- and middle-income countries (LMIC),
but quantitative evidence was limited, despite strong descriptive
evidence.

These omissions may in part reflect the complexities of determining
relevant changes in exposure and exposure-response functions. Lack or
insufficient local data (e.g., at a city level) on emission concentrations
and the unavailability of local exposure-response functions is a concern
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particularly for LMIC (Milner et al., 2023). Applying nation-wide
emissions levels to cities and/or using exposure-response functions
from HIC to LMIC may result in inaccurate estimates of the health ef-
fects. Addressing these omissions may also require new modelling
methods. For instance, promoting dietary changes can change the
environmental impact (including GHG emitted by the agriculture sector)
of the food consumed, but assessing this impact could be difficult
without knowing the quantities of the ingredients used. Clark et al.
(2022) developed a method to overcome this constraint and calculated
the impact of 57,000 food products.

This review has several strengths. As far as we know, this is the first
systematic review focusing specifically on studies modelling health
impacts in children associated with interventions that mitigate GHG
emissions and air pollution. Paediatric organisations and researchers
have been pointing out the importance of studying child health co-
benefits because of their vulnerability and consequences in their adult
lives (Committee on Environmental Health, 2007; Council on Environ-
mental Health, 2015; Romanello et al., 2021). The studies included in
our review estimated the health co-benefits in three key sectors (i.e.,
energy, household, and transport) and this review can support policies
designed to reduce emissions from these sectors. In addition, the evi-
dence gaps in the current literature above can inform researchers and
research funders’ priority setting. The main limitation to this work is the
heterogeneity of the methodologies and outcomes which did not allow
us to summarize the estimates with meta-analyses. Another limitation
was our focus on intentional strategies that reduce climate change
emissions (i.e., strategies where this is the key objective) rather than
those that coincidentally reduce emissions. This strategy may have led to
the exclusion of studies which model children’s health and climate
change mitigation as the consequence of particular actions. A third
limitation is that with three exceptions, all other studies estimated
short-term effects, so it is difficult to draw conclusions on long-term
exposures. This limitation makes it difficult to understand the poten-
tially increasing co-benefits of mitigation policies over the long period,
which would provide an even greater justification to mitigate GHG
emissions. Finally, most included papers do not report the size of the
populations analysed, referring only to the censuses where the popula-
tion data were obtained. In some cases, it is difficult to appreciate the
magnitude of the health impact when only the absolute numbers of
changes of cases are provided. All the studies included were in English,
so we did not include information available in other languages. Finally,
despite the comprehensive search, we may have missed relevant studies
because searches are always a balance between sensitivity and speci-
ficity, and publication bias may have affected the search result.

5. Conclusion

This review highlights both the sparsity of child-centred evidence for
climate action, but also that the existing research literature suggests
GHG mitigation interventions are likely to result in significant positive
health benefits for children, particularly for their respiratory health.

Our results support increasing calls to consider child health, well-
being and rights in research and policies related to climate change
(Committee on Environmental Health, 2007; Paulson et al., 2015;
Romanello et al., 2021; Clark et al., 2020; Luthen et al., 2021; General
Comment No. 26, 2023; UNICEF, 2021). Moreover, there is an increasing
recognition of children’s positive role as agents of change, and the
importance of listening to them and working in partnership with them
(Juel et al., 2023; UNICEF, 2021; Walker, 2017; Miller, 2007). Studies
that include estimations of health effects in children and adults should
not aggregate the results across age categories, or at least should keep
people <18 years old as a separate category.

Future work focused on long-term health benefits to children of a
decarbonised world are vital to planning of climate change mitigation
policy making, and to inform evaluation of future climate scenarios.

Additionally, our review reveals the importance of consistent and
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standardized methods to report health outcomes from modelling studies
to allow comparison of results across studies to better advise policy
makers on future benefits of mitigation policies. Useful guidelines on
how to report modelling results on health effects and climate change
mitigation interventions can be found in Hess et al. (2020), for instance.

Further studies in LMICs are needed, where the impact of climate
change will be felt more strongly than in HIC (Acevedo et al., 2017).
Economic evaluation of gains from mitigation activities could be
important especially for LMIC to reallocate resources to adapt to the
consequences of climate change.

For a more complete picture of health benefits from GHG mitigation
measures, future scenarios should generate near- or mid-term pro-
jections to 2030 or 2050 and include both direct and indirect health
effects. Lack of prospective scenarios may result in the underestimation
of mitigation policies on children’s health because climate change
emissions have an impact on children’s development, in addition to
organs functions like in adults (UNICEF, 2015). The time points indi-
cated above are commonly used for future projections, including pro-
jections by the IPCC (Riahi et al., 2022).

Contributors

RP and ADD designed the study. RP ran the search. RP, RJ, JM, FK,
and ADD screened the records. RP and RJ extracted the data. RP, RJ and
JM assessed the risk of bias. RP wrote the first draft of the manuscript.
All authors provided critical conceptual input, analysed and interpreted
the data, and critically revised the report.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Robert C Hughes reports a relationship with Children’s Investment Fund
Foundation that includes: consulting or advisory. Robert C Hughes re-
ports a relationship with Clean Air Fund that includes: consulting or
advisory.

Data availability

Data for this review were extracted from published papers.
Acknowledgements

This work was supported by Fondation Botnar [00G-21-006].

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envres.2023.117102.

References

Abel, D.W., Holloway, T., Martinez-Santos, J., Harkey, M., Tao, M., Kubes, C., Hayes, S.,
2019. Air quality-related health benefits of energy efficiency in the United States.
Environ. Sci. Technol. 53, 3987-3998. https://doi.org/10.1021/acs.est.8b06417.

Acevedo, S., Mrkaic, M., Pugacheva, E., Topalova, P., 2017. The unequal burden of rising
temperatures: how can low-income countries cope? IMFBlog. https://blogs.imf.org/
2017/09/27/the-unequal-burden-of-rising-temperatures-how-can-low-income
-countries-cope/. (Accessed 30 June 2022).

Adamkiewicz, L., Kryza, M., Mucha, D., Werner, M., Gayer, A., Drzeniecka-Osiadacz, A.,
Sawinski, T., 2021. Estimating health impacts due to the reduction of particulate air
pollution from the household sector expected under various scenarios. Applied
Sciences-Basel 11. https://doi.org/10.3390/app11010272.

Ahdoot, S., Pacheco, S.E., Council On Environmental, H., 2015. Global climate change
and children’s health. Pediatrics 136, e1468-e1484. https://doi.org/10.1542/
peds.2015-3233.

Ajanovic, S., Valente, M., Varo, R., Bassat, Q., 2020. Climate change and the future
health of children in low-income countries. J. Trop. Pediatr. 66, 111-113. https://
doi.org/10.1093/tropej/fmaa008.


https://doi.org/10.1016/j.envres.2023.117102
https://doi.org/10.1016/j.envres.2023.117102
https://doi.org/10.1021/acs.est.8b06417
https://blogs.imf.org/2017/09/27/the-unequal-burden-of-rising-temperatures-how-can-low-income-countries-cope/
https://blogs.imf.org/2017/09/27/the-unequal-burden-of-rising-temperatures-how-can-low-income-countries-cope/
https://blogs.imf.org/2017/09/27/the-unequal-burden-of-rising-temperatures-how-can-low-income-countries-cope/
https://doi.org/10.3390/app11010272
https://doi.org/10.1542/peds.2015-3233
https://doi.org/10.1542/peds.2015-3233
https://doi.org/10.1093/tropej/fmaa008
https://doi.org/10.1093/tropej/fmaa008

R. Picetti et al.

Arpin, E., Gauffin, K., Kerr, M., Hjern, A., Mashford-Pringle, A., Barros, A., Rajmil, L.,
Choonara, I., Spencer, N., 2021. Climate change and child health inequality: a
review of reviews. Int. J. Environ. Res. Publ. Health 18. https://doi.org/10.3390/
ijerph182010896.

Babiker, M., Berndes, G., Blok, K., Cohen, B., Cowie, A., Geden, O., Ginzburg, V., Leip, A.,
Smith, P., Sugiyama, M., Yamba, F., 2022. Cross-sectoral perspectives. In: Shukla, P.
R., S, J., Slade, R., Al Khourdajie, A., van Diemen, R., McCollum, D., Pathak, M.,
Some, S., Vyas, P., Fradera, R., Belkacemi, M., Hasija, A., Lisboa, G., Luz, S.,
Malley, J. (Eds.), IPCC, 2022: Climate Change 2022: Mitigation of Climate Change.
Contribution of Working Group III to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK and New York, NY, USA. https://doi.org/10.1017/
9781009157926.005.

Bennett, C., Manuel, D.G., 2012. Reporting guidelines for modelling studies. BMC Med.
Res. Methodol. 12, 168. https://doi.org/10.1186/1471-2288-12-168.

Bikomeye, J.C., Rublee, C.S., Beyer, K.M.M., 2021. Positive externalities of climate
change mitigation and adaptation for human health: a review and conceptual
framework for public health research. Int. J. Environ. Res. Publ. Health 18. https://
doi.org/10.3390/ijerph18052481.

Chang, K.M., Hess, J.J., Balbus, J.M., Buonocore, J.J., Cleveland, D.A., Grabow, M.L.,
Neff, R., Saari, R.K., Tessum, C.W., Wilkinson, P., Woodward, A., Ebi, K.L., 2017.
Ancillary health effects of climate mitigation scenarios as drivers of policy uptake: a
review of air quality, transportation and diet co-benefits modeling studies. Environ.
Res. Lett. 12, 113001 https://doi.org/10.1088/1748-9326/aa8f7b.

Chapman, S., Birch, C.E., Marsham, J.H., Part, C., Hajat, S., Chersich, M.F., Ebi, K.L.,
Luchters, S., Nakstad, B., Kovats, S., 2022. Past and projected climate change
impacts on heat-related child mortality in Africa. Environ. Res. Lett. 17, 074028
https://doi.org/10.1088,/1748-9326/ac7ac5.

Chersich, M.F., Pham, M.D., Areal, A., Haghighi, M.M., Manyuchi, A., Swift, C.P.,
Wernecke, B., Robinson, M., Hetem, R., Boeckmann, M., Hajat, S., Climate, C., Heat-
Health Study, G., 2020. Associations between high temperatures in pregnancy and
risk of preterm birth, low birth weight, and stillbirths: systematic review and meta-
analysis. BMJ 371, m3811. https://doi.org/10.1136/bmj.m3811.

Cifuentes, L., Borja-Aburto, V.H., Gouveia, N., Thurston, G., Davis, D.L., 2001. Assessing
the health benefits of urban air pollution reductions associated with climate change
mitigation (2000-2020): santiago, Sao Paulo, Mexico City, and New York City.
Environ. Health Perspect. 109 (Suppl. 3), 419-425.

Clark, H., Coll-Seck, A.M., Banerjee, A., Peterson, S., Dalglish, S.L., Ameratunga, S.,
Balabanova, D., Bhan, M.K., Bhutta, Z.A., Borrazzo, J., Claeson, M., Doherty, T., El-
Jardali, F., George, A.S., Gichaga, A., Gram, L., Hipgrave, D.B., Kwamie, A.,

Meng, Q., Mercer, R., Narain, S., Nsungwa-Sabiiti, J., Olumide, A.O., Osrin, D.,
Powell-Jackson, T., Rasanathan, K., Rasul, I., Reid, P., Requejo, J., Rohde, S.S.,
Rollins, N., Romedenne, M., Singh Sachdev, H., Saleh, R., Shawar, Y.R., Shiffman, J.,
Simon, J., Sly, P.D., Stenberg, K., Tomlinson, M., Ved, R.R., Costello, A., 2020.

A future for the world’s children? A WHO-UNICEF-Lancet Commission. Lancet 395,
605-658. https://doi.org/10.1016/5S0140-6736(19)32540-1.

Clark, M., Springmann, M., Rayner, M., Scarborough, P., Hill, J., Tilman, D.,
Macdiarmid, J.I., Fanzo, J., Bandy, L., Harrington, R.A., 2022. Estimating the
environmental impacts of 57,000 food products. Proc Natl Acad Sci U S A 119,
€2120584119. https://doi.org/10.1073/pnas.2120584119.

Committee on Environmental Health, 2007. Global climate change and children’s health.
Pediatrics 120, 1149-1152. https://doi.org/10.1542/peds.2007-2645.

Gallagher, C.L., Holloway, T., 2020. Integrating air quality and public health benefits in
U.S. Decarbonization strategies. Front. Public Health 8, 563358. https://doi.org/
10.3389/fpubh.2020.563358.

Galvis, B., Bergin, M., Boylan, J., Huang, Y., Bergin, M., Russell, A.G., 2015. Air quality
impacts and health-benefit valuation of a low-emission technology for rail yard
locomotives in Atlanta Georgia. Sci. Total Environ. 533, 156-164. https://doi.org/
10.1016/j.scitotenv.2015.06.064.

Gao, J., Kovats, S., Vardoulakis, S., Wilkinson, P., Woodward, A., Li, J., Gu, S., Liu, X.,
Wu, H., Wang, J., Song, X., Zhai, Y., Zhao, J., Liu, Q., 2018. Public health co-benefits
of greenhouse gas emissions reduction: a systematic review. Sci. Total Environ. 627,
388-402. https://doi.org/10.1016/j.scitotenv.2018.01.193.

General Comment, 2023. https://childrightsenvironment.org/about/.

Haines, A., McMichael, A.J., Smith, K.R., Roberts, I., Woodcock, J., Markandya, A.,
Armstrong, B.G., Campbell-Lendrum, D., Dangour, A.D., Davies, M., Bruce, N.,
Tonne, C., Barrett, M., Wilkinson, P., 2009. Public health benefits of strategies to
reduce greenhouse-gas emissions: overview and implications for policy makers.
Lancet 374, 2104-2114. https://doi.org/10.1016/50140-6736(09)61759-1.

Hellden, D., Andersson, C., Nilsson, M., Ebi, K.L., Friberg, P., Alfven, T., 2021. Climate
change and child health: a scoping review and an expanded conceptual framework.
Lancet Planet. Health 5, e164-e175. https://doi.org/10.1016/52542-5196(20)
30274-6.

Hess, J.J., Ranadive, N., Boyer, C., Aleksandrowicz, L., Anenberg, S.C., Aunan, K.,
Belesova, K., Bell, M.L., Bickersteth, S., Bowen, K., Burden, M., Campbell-
Lendrum, D., Carlton, E., Cisse, G., Cohen, F., Dai, H., Dangour, A.D., Dasgupta, P.,
Frumkin, H., Gong, P., Gould, R.J., Haines, A., Hales, S., Hamilton, 1., Hasegawa, T.,
Hashizume, M., Honda, Y., Horton, D.E., Karambelas, A., Kim, H., Kim, S.E.,
Kinney, P.L., Kone, L., Knowlton, K., Lelieveld, J., Limaye, V.S., Liu, Q.,
Madaniyazi, L., Martinez, M.E., Mauzerall, D.L., Milner, J., Neville, T.,
Nieuwenhuijsen, M., Pachauri, S., Perera, F., Pineo, H., Remais, J.V., Saari, R.K.,
Sampedro, J., Scheelbeek, P., Schwartz, J., Shindell, D., Shyamsundar, P., Taylor, T.
J., Tonne, C., Van Vuuren, D., Wang, C., Watts, N., West, J.J., Wilkinson, P., Wood, S.
A., Woodcock, J., Woodward, A., Xie, Y., Zhang, Y., Ebi, K.L., 2020. Guidelines for
modeling and reporting health effects of climate change mitigation actions. Environ.
Health Perspect. 128, 115001 https://doi.org/10.1289/EHP6745.

Environmental Research 238 (2023) 117102

Host, S., Honore, C., Joly, F., Saunal, A., Le Tertre, A., Medina, S., 2020. Implementation
of various hypothetical low emission zone scenarios in Greater Paris: Assessment of
fine-scale reduction in exposure and expected health benefits. Environ. Res. 185,
109405 https://doi.org/10.1016/j.envres.2020.109405.

Hubbell, B.J., Hallberg, A., McCubbin, D.R., Post, E., 2005. Health-related benefits of
attaining the 8-hr ozone standard. Environ. Health Perspect. 113, 73-82.

IPCC, 2021. In: Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S.L., Péan, C.,
Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M., Leitzell, K.,
Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Waterfield, T., Yelekei, O., Yu, R.,
Zhou, B. (Eds.), Summary for Policymakers, In: Climate Change 2021: the Physical
Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press.

IPCC, van Diemen, R., Matthews, R.J.B.R., Moller, V., Fuglestvedt, J.S., Masson-
Delmotte, V., Méndez, C., Reisinger, A., Semeno, S., 2022a. Annex I: Glossary. In:
Shukla, P.R., J, S., Slade, R., Al Khourdajie, A., van Diemen, R., McCollum, D.,
Pathak, M., Some, S., Vyas, P., Fradera, R., Belkacemi, M., Hasija, A., Lisboa, G.,
Luz, S., Malle, J. (Eds.), IPCC, 2022: Climate Change 2022: Mitigation of Climate
Change. Contribution of Working Group III to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK and New York, NY, US. https://doi.org/10.1017/
9781009157926.020.

IPCC, Al Khourdajie, A., van Diemen, R., Lamb, W.F., Pathak, M., Reisinger, A., de la Rue
du Can, S., Skea, J., Slade, R., Some, S., Ste, L., 2022b. Annex II: Definitions, Units
and Conventions. In: Shukla, P.R., J, S., Slade, R., Al Khourdajie, A., van Diemen, R.,
McCollum, D., Pathak, M., Some, S., Vyas, P., Fradera, R., Belkacemi, M., Hasija, A.,
Lisboa, G., Luz, S., Malle, J. (Eds.), IPCC, 2022: Climate Change 2022: Mitigation of
Climate Change. Contribution of Working Group III to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK and New York, NY, US. https://doi.org/10.1017/
9781009157926.021.

Juel, R., Sharpe, S., Picetti, R., Milner, J., Bonell, A., Yeung, S., Wilkinson, P.,
Dangour, A.D., Hughes, R.C., 2023. Let’s just ask them. Perspectives on urban
dwelling and air quality: a cross-sectional survey of 3,222 children, young people
and parents. PLOS Glob Public Health 3, e0000963. https://doi.org/10.1371/
journal.pgph.0000963.

Kan, H.D., Chen, B.H., Chen, C.H., Fu, Q.Y., Chen, M., 2004. An evaluation of public
health impact of ambient air pollution under various energy scenarios in Shanghai,
China. Atmos. Environ. 38, 95-102. https://doi.org/10.1016/j.
atmosenv.2003.09.038.

Kuylenstierna, J.C.1., Heaps, C.G., Ahmed, T., Vallack, H.W., Hicks, W.K., Ashmore, M.R.,
Malley, C.S., Wang, G., Lefevre, E.N., Anenberg, S.C., Lacey, F., Shindell, D.T.,
Bhattacharjee, U., Henze, D.K., 2020. Development of the low emissions analysis
platform - integrated benefits calculator (LEAP-IBC) tool to assess air quality and
climate co-benefits: application for Bangladesh. Environ. Int. 145, 106155 https://
doi.org/10.1016/j.envint.2020.106155.

Leffers, J.M., 2022. Climate change and health of children: our borrowed future.

J. Pediatr. Health Care 36, 12-19. https://doi.org/10.1016/j.pedhc.2021.09.002.

Lieber, M., Chin-Hong, P., Kelly, K., Dandu, M., Weiser, S.D., 2020. A systematic review
and meta-analysis assessing the impact of droughts, flooding, and climate variability
on malnutrition. Global Publ. Health 1-15. https://doi.org/10.1080/
17441692.2020.1860247.

Luthen, S., Ryan, E., Wakefield, J., 2021. Born into the Climate Crisis: Why We Must Act
Now to Secure Children’s Rights. International, London. S. t. C. Available from: https
://resourcecentre.savethechildren.net/pdf/born-into-the-climate-crisis.pdf/.

Lwasa, S., Seto, K., Bai, X., Blanco, H., Gurney, K., Kilkis, S., Lucon, O., Murakami, J.,
Pan, J., Sharifi, A., Yamagata, Y., 2022. Urban systems and other settlements. In:
Shukla, P.R., J, S., Slade, R., Al Khourdajie, A., van Diemen, R., McCollum, D.,
Pathak, M., Some, S., Vyas, P., Fradera, R., Belkacemi, M., Hasija, A., Lisboa, G.,
Luz, S., Malley, J. (Eds.), IPCC, 2022: Climate Change 2022: Mitigation of Climate
Change. Contribution of Working Group III to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK and New York, NY, USA. https://doi.org/10.1017/
9781009157926.010.

Malmgqvist, E., Lisberg Jensen, E., Westerberg, K., Stroh, E., Rittner, R., Gustafsson, S.,
Spanne, M., Nilsson, H., Oudin, A., 2018. Estimated health benefits of exhaust free
transport in the city of Malmo, Southern Sweden. Environ. Int. 118, 78-85. https://
doi.org/10.1016/j.envint.2018.05.035.

Miller, J., 2007. Children as Change Agents: Guidelines for Child Participation in
Periodic Reporting on the Convention on the Rights of the Child. World Vision
International. https://resourcecentre.savethechildren.net/document/children-cha
nge-agents-guidelines-child-participation-periodic-reporting-convention-rights/.

Milner, J., Hughes, R., Chowdhury, S., Picetti, R., Ghosh, R., Yeung, S., Lelieveld, J.,
Dangour, A.D., Wilkinson, P., 2023. Air pollution and child health impacts of
decarbonization in 16 global cities: modelling study. Environ. Int. 175, 107972
https://doi.org/10.1016/j.envint.2023.107972.

Nabuurs, G., Mrabet, R., Abu Hatab, A., Bustamante, M., Clark, H., Havlik, P., House, J.,
Mbow, C., Ninan, K., Popp, A., Roe, S., Sohngen, B., Towprayoon, S., 2022. In:
Shukla, P.R., J, S., Slade, R., Al Khourdajie, A., van Diemen, R., McCollum, D.,
Pathak, M., Some, S., Vyas, P., Fradera, R., Belkacemi, M., Hasija, A., Lisboa, G.,
Luz, S., Malley, J. (Eds.), Agriculture, Forestry and Other Land Uses (AFOLU), IPCC,
2022: Climate Change 2022: Mitigation of Climate Change. Contribution of Working
Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, UK and New York, NY, USA.
https://doi.org/10.1017,/9781009157926.009.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J.,


https://doi.org/10.3390/ijerph182010896
https://doi.org/10.3390/ijerph182010896
https://doi.org/10.1017/9781009157926.005
https://doi.org/10.1017/9781009157926.005
https://doi.org/10.1186/1471-2288-12-168
https://doi.org/10.3390/ijerph18052481
https://doi.org/10.3390/ijerph18052481
https://doi.org/10.1088/1748-9326/aa8f7b
https://doi.org/10.1088/1748-9326/ac7ac5
https://doi.org/10.1136/bmj.m3811
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref13
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref13
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref13
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref13
https://doi.org/10.1016/S0140-6736(19)32540-1
https://doi.org/10.1073/pnas.2120584119
https://doi.org/10.1542/peds.2007-2645
https://doi.org/10.3389/fpubh.2020.563358
https://doi.org/10.3389/fpubh.2020.563358
https://doi.org/10.1016/j.scitotenv.2015.06.064
https://doi.org/10.1016/j.scitotenv.2015.06.064
https://doi.org/10.1016/j.scitotenv.2018.01.193
https://childrightsenvironment.org/about/
https://doi.org/10.1016/S0140-6736(09)61759-1
https://doi.org/10.1016/S2542-5196(20)30274-6
https://doi.org/10.1016/S2542-5196(20)30274-6
https://doi.org/10.1289/EHP6745
https://doi.org/10.1016/j.envres.2020.109405
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref26
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref26
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref27
https://doi.org/10.1017/9781009157926.020
https://doi.org/10.1017/9781009157926.020
https://doi.org/10.1017/9781009157926.021
https://doi.org/10.1017/9781009157926.021
https://doi.org/10.1371/journal.pgph.0000963
https://doi.org/10.1371/journal.pgph.0000963
https://doi.org/10.1016/j.atmosenv.2003.09.038
https://doi.org/10.1016/j.atmosenv.2003.09.038
https://doi.org/10.1016/j.envint.2020.106155
https://doi.org/10.1016/j.envint.2020.106155
https://doi.org/10.1016/j.pedhc.2021.09.002
https://doi.org/10.1080/17441692.2020.1860247
https://doi.org/10.1080/17441692.2020.1860247
https://resourcecentre.savethechildren.net/pdf/born-into-the-climate-crisis.pdf/
https://resourcecentre.savethechildren.net/pdf/born-into-the-climate-crisis.pdf/
https://doi.org/10.1017/9781009157926.010
https://doi.org/10.1017/9781009157926.010
https://doi.org/10.1016/j.envint.2018.05.035
https://doi.org/10.1016/j.envint.2018.05.035
https://resourcecentre.savethechildren.net/document/children-change-agents-guidelines-child-participation-periodic-reporting-convention-rights/
https://resourcecentre.savethechildren.net/document/children-change-agents-guidelines-child-participation-periodic-reporting-convention-rights/
https://doi.org/10.1016/j.envint.2023.107972
https://doi.org/10.1017/9781009157926.009

R. Picetti et al.

Grimshaw, J.M., Hrobjartsson, A., Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E.,
McDonald, S., McGuinness, L.A., Stewart, L.A., Thomas, J., Tricco, A.C., Welch, V.A.,
Whiting, P., Moher, D., 2021. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 372, n71. https://doi.org/10.1136/bmj.n71.

Perera, F., Nadeau, K., 2022. Climate change, fossil-fuel pollution, and children’s health.
N. Engl. J. Med. 386, 2303-2314. https://doi.org/10.1056/NEJMra2117706.

Paulson, J.A., Ahdoot, S., Baum, C.R., Bole, A., Brumberg, H.L., Campbell, C.C.,
Lanphear, B.P., Lowry, J.A., Pacheco, S.E., Spanier, A.J., Trasande, L., Council on
Environmental Health, 2015. Global climate change and children’s health. Pediatrics
136, 992-997. https://doi.org/10.1542/peds.2015-3232.

Perera, F., Cooley, D., Berberian, A., Mills, D., Kinney, P., 2020. Co-benefits to children’s
health of the U.S. Regional greenhouse gas initiative. Environ. Health Perspect. 128,
77006 https://doi.org/10.1289/EHP6706.

Phalkey, R.K., Aranda-Jan, C., Marx, S., Hofle, B., Sauerborn, R., 2015. Systematic review
of current efforts to quantify the impacts of climate change on undernutrition. Proc
Natl Acad Sci U S A 112, E4522-E4529. https://doi.org/10.1073/pnas.1409769112.

Quam, V.G.M., Rocklov, J., Quam, M.B.M., Lucas, R.A.L., 2017. Assessing greenhouse gas
emissions and health Co-benefits: a structured review of lifestyle-related climate
change mitigation strategies. Int. J. Environ. Res. Publ. Health 14. https://doi.org/
10.3390/ijerph14050468.

Remais, J.V., Hess, J.J., Ebi, K.L., Markandya, A., Balbus, J.M., Wilkinson, P., Haines, A.,
Chalabi, Z., 2014. Estimating the health effects of greenhouse gas mitigation
strategies: addressing parametric, model, and valuation challenges. Environ. Health
Perspect. 122, 447-455. https://doi.org/10.1289/ehp.1306744.

Riahi, K., Schaeffer, R., Arango, J., Calvin, K., Guivarch, C., Hasegawa, T., Jiang, K.,
Kriegler, E., Matthews, R., Peters, G.P., Rao, A., Robertson, S., Sebbit, A.M.,
Steinberger, J., Tavoni, M., van Vuuren, D.P., 2022. Mitigation pathways compatible
with long-term goals. In: Shukla, P.R., J, S., Slade, R., Al Khourdajie, A., van
Diemen, R., McCollum, D., Pathak, M., Some, S., Vyas, P., Fradera, R., Belkacemi, M.,
Hasija, A., Lisboa, G., Luz, S., Malley, J. (Eds.), IPCC, 2022: Climate Change 2022:
Mitigation of Climate Change. Contribution of Working Group III to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, UK and New York, NY, USA. https://doi.org/10.1017/
9781009157926.005.

Romanello, M., McGushin, A., MacGuire, F.A.S., Sly, P.D., Jennings, B., Requejo, J.,
Costello, A., 2021. Monitoring climate change and child health: the case for putting
children in all policies. J. Paediatr. Child Health 57, 1736-1740. https://doi.org/
10.1111/jpe.15757.

Schram-Bijkerk, D., van Kempen, E., Knol, A.B., Kruize, H., Staatsen, B., van Kamp, I.,
2009. Quantitative health impact assessment of transport policies: two simulations
related to speed limit reduction and traffic re-allocation in The Netherlands. Occup.
Environ. Med. 66, 691-698. https://doi.org/10.1136/0em.2008.041046.

Schucht, S., Colette, A., Rao, S., Holland, M., Schépp, W., Kolp, P., Klimont, Z.,
Bessagnet, B., Szopa, S., Vautard, R., Brignon, J.M., Rouil, L., 2015. Moving towards
ambitious climate policies: monetised health benefits from improved air quality
could offset mitigation costs in Europe. Environ. Sci. Pol. 50, 252-269. https://doi.
org/10.1016/j.envsci.2015.03.001.

Seal, A., Vasudevan, C., 2011. Climate change and child health. Arch. Dis. Child. 96,
1162-1166. https://doi.org/10.1136/adc.2010.186213.

Sharpe, 1., Davison, C.M., 2021. Climate change, climate-related disasters and mental
disorder in low- and middle-income countries: a scoping review. BMJ Open 11,
€051908. https://doi.org/10.1136/bmjopen-2021-051908.

Sheffield, P.E., Landrigan, P.J., 2011. Global climate change and children’s health:
threats and strategies for prevention. Environ. Health Perspect. 119, 291-298.
https://doi.org/10.1289/ehp.1002233.

Shindell, D., Ru, M., Zhang, Y., Seltzer, K., Faluvegi, G., Nazarenko, L., Schmidt, G.A.,
Parsons, L., Challapalli, A., Yang, L., Glick, A., 2021. Temporal and spatial

13

Environmental Research 238 (2023) 117102

distribution of health, labor, and crop benefits of climate change mitigation in the
United States. Proc Natl Acad Sci U S A 118. https://doi.org/10.1073/
pnas.2104061118.

Smith, M., Hosking, J., Woodward, A., Witten, K., MacMillan, A., Field, A., Baas, P.,
Mackie, H., 2017. Systematic literature review of built environment effects on
physical activity and active transport - an update and new findings on health equity.
Int. J. Behav. Nutr. Phys. Activ. 14, 158. https://doi.org/10.1186/512966-017-0613-
9.

Springmann, M., Mason-D’Croz, D., Robinson, S., Wiebe, K., Godfray, H.C.J., Rayner, M.,
Scarborough, P., 2017. Mitigation potential and global health impacts from
emissions pricing of food commodities. Nat. Clim. Change 7, 69-74. https://doi.org/
10.1038/nclimate3155.

Staff Mestl, H.E., Aunan, K., Seip, H.M., 2006. Potential health benefit of reducing
household solid fuel use in Shanxi province, China. Sci. Total Environ. 372,
120-132.

Stanke, C., Kerac, M., Prudhomme, C., Medlock, J., Murray, V., 2013. Health effects of
drought: a systematic review of the evidence. PLoS currents 5. https://doi.org/
10.1371/currents.dis.7a2cee9e980f91ad7697b570bcc4b004 ecurrents.
dis.7a2cee9e980f91ad7697b570bcc4b004.

Thompson, T.M., Rausch, S., Saari, R.K., Selin, N.E., 2016. Air quality co-benefits of
subnational carbon policies. J. Air Waste Manag. Assoc. 66, 988-1002. https://doi.
org/10.1080/10962247.2016.1192071.

UNFCCC, 2021. Annual Report 2020. https://unfccc.int/sites/default/files/resource/
UNFCCC_Annual_Report_2020.pdf.

UNICEF, 2015. Unless We Act Now. The Impact of Climate Change on Children. United
Nations Children’s Fund (UNICEF), New York [Online]. https://www.unicef.org/re
ports/unless-we-act-now-impact-climate-change-children.

UNICEF, 2021. The Climate Crisis Is a Child Rights Crisis: Introducing the Children’s
Climate Risk Index. United Nations Children’s Fund (UNICEF), New York [Online].
https://www.unicef.org/media/105376/file/UNICEF-climate-crisis-child-rights-cri
sis.pdf.

Walker, C., 2017. Tomorrow’s leaders and today’s agents of change? Children,
sustainability education and environmental governance. Child. Soc. 31, 72-83.
https://doi.org/10.1111/chso.12192.

Wilkinson, P., Smith, K.R., Davies, M., Adair, H., Armstrong, B.G., Barrett, M., Bruce, N.,
Haines, A., Hamilton, ., Oreszczyn, T., Ridley, L., Tonne, C., Chalabi, Z., 2009. Public
health benefits of strategies to reduce greenhouse-gas emissions: household energy.
Lancet (London, England) 374, 1917-1929. https://doi.org/10.1016/50140-6736
(09)61713-X.

Willett, W., Rockstrom, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S.,
Garnett, T., Tilman, D., DeClerck, F., Wood, A., Jonell, M., Clark, M., Gordon, L.J.,
Fanzo, J., Hawkes, C., Zurayk, R., Rivera, J.A., De Vries, W., Majele Sibanda, L.,
Afshin, A., Chaudhary, A., Herrero, M., Agustina, R., Branca, F., Lartey, A., Fan, S.,
Crona, B., Fox, E., Bignet, V., Troell, M., Lindahl, T., Singh, S., Cornell, S.E., Srinath
Reddy, K., Narain, S., Nishtar, S., Murray, C.J.L., 2019. Food in the Anthropocene:
the EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet
393, 447-492. https://doi.org/10.1016/50140-6736(18)31788-4.

Xia, T., Nitschke, M., Zhang, Y., Shah, P., Crabb, S., Hansen, A., 2015. Traffic-related air
pollution and health co-benefits of alternative transport in Adelaide, South Australia.
Environ. Int. 74, 281-290. https://doi.org/10.1016/j.envint.2014.10.004.

Xu, Z., Sheffield, P.E., Hu, W., Su, H., Yu, W., Qi, X., Tong, S., 2012. Climate change and
children’s health—a call for research on what works to protect children. Int. J.
Environ. Res. Publ. Health 9, 3298-3316. https://doi.org/10.3390/ijerph9093298.

Xu, Z., Sheffield, P.E., Su, H., Wang, X., Bi, Y., Tong, S., 2014. The impact of heat waves
on children’s health: a systematic review. Int. J. Biometeorol. 58, 239-247. https://
doi.org/10.1007/s00484-013-0655-x.


https://doi.org/10.1136/bmj.n71
https://doi.org/10.1056/NEJMra2117706
https://doi.org/10.1542/peds.2015-3232
https://doi.org/10.1289/EHP6706
https://doi.org/10.1073/pnas.1409769112
https://doi.org/10.3390/ijerph14050468
https://doi.org/10.3390/ijerph14050468
https://doi.org/10.1289/ehp.1306744
https://doi.org/10.1017/9781009157926.005
https://doi.org/10.1017/9781009157926.005
https://doi.org/10.1111/jpc.15757
https://doi.org/10.1111/jpc.15757
https://doi.org/10.1136/oem.2008.041046
https://doi.org/10.1016/j.envsci.2015.03.001
https://doi.org/10.1016/j.envsci.2015.03.001
https://doi.org/10.1136/adc.2010.186213
https://doi.org/10.1136/bmjopen-2021-051908
https://doi.org/10.1289/ehp.1002233
https://doi.org/10.1073/pnas.2104061118
https://doi.org/10.1073/pnas.2104061118
https://doi.org/10.1186/s12966-017-0613-9
https://doi.org/10.1186/s12966-017-0613-9
https://doi.org/10.1038/nclimate3155
https://doi.org/10.1038/nclimate3155
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref57
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref57
http://refhub.elsevier.com/S0013-9351(23)01906-0/sref57
https://doi.org/10.1371/currents.dis.7a2cee9e980f91ad7697b570bcc4b004
https://doi.org/10.1371/currents.dis.7a2cee9e980f91ad7697b570bcc4b004
https://doi.org/10.1080/10962247.2016.1192071
https://doi.org/10.1080/10962247.2016.1192071
https://unfccc.int/sites/default/files/resource/UNFCCC_Annual_Report_2020.pdf
https://unfccc.int/sites/default/files/resource/UNFCCC_Annual_Report_2020.pdf
https://www.unicef.org/reports/unless-we-act-now-impact-climate-change-children
https://www.unicef.org/reports/unless-we-act-now-impact-climate-change-children
https://www.unicef.org/media/105376/file/UNICEF-climate-crisis-child-rights-crisis.pdf
https://www.unicef.org/media/105376/file/UNICEF-climate-crisis-child-rights-crisis.pdf
https://doi.org/10.1111/chso.12192
https://doi.org/10.1016/S0140-6736(09)61713-X
https://doi.org/10.1016/S0140-6736(09)61713-X
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/j.envint.2014.10.004
https://doi.org/10.3390/ijerph9093298
https://doi.org/10.1007/s00484-013-0655-x
https://doi.org/10.1007/s00484-013-0655-x

	Effects on child and adolescent health of climate change mitigation policies: A systematic review of modelling studies
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Selection criteria
	2.3 Selection process and data extraction
	2.4 Risk of bias
	2.5 Data synthesis


	Box 1. Examples of policy actions searched for include, but are not limited to:
	Outline placeholder
	2.6 Role of the funding source

	3 Results
	3.1 Literature search
	3.2 Geographical setting
	3.3 Sectors
	3.4 Policy baselines and temporal scales
	3.5 Change in GHGs
	3.6 Health effects
	3.6.1 Energy sector and asthma
	3.6.2 Transportation sector and asthma
	3.6.3 Other health effects

	3.7 Economic valuation
	3.8 Other characteristics

	4 Discussion
	5 Conclusion
	Contributors
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


