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Abstract
Global climate change is leading to higher ambient temperatures and more frequent heatwaves. To date, impacts of ambient 
extreme heat on childhood morbidity have been understudied, although—given children’s physiologic susceptibility, with 
smaller body surface-to-mass ratios, and many years of increasing temperatures ahead—there is an urgent need for better 
information to inform public health policies and clinical approaches. In this review, we aim to (1) identify pediatric morbidity 
outcomes previously associated with extreme heat, (2) to identify predisposing co-morbidities which may make children more 
susceptible to heat-related outcomes, and (3) to map the current body of available literature. A scoping review of the current 
full-text literature was conducted using the Arksey and O’Malley framework (2015). Search terms for (1) pediatric popula-
tion, (2) heat exposures, (3) ambient conditions, and (4) adverse outcomes were combined into a comprehensive PubMed and 
Medline literature search. Of the 1753 publications identified, a total of 20 relevant studies were ultimately selected based 
on selection criteria of relevance to US urban populations. Most identified studies supported positive associations between 
high extreme temperature exposures and heat-related illness, dehydration/electrolyte imbalance, general symptoms, diarrhea 
and digestion disorders, infectious diseases/infections, asthma/wheeze, and injury. Most studies found no association with 
renal disease, cardiovascular diseases, or diabetes mellitus. Results were mixed for other respiratory diseases and mental 
health/psychological disorders. Very few of the identified studies examined susceptibility to pre-existing conditions; Cystic 
Fibrosis was the only co-morbidity for which we found significant evidence. Further research is needed to understand the 
nuances of associations between extreme heat and specific outcomes—particularly how associations may vary by child age, 
sex, race/ ethnicity, community characteristics, and other pre-existing conditions.

Keywords  Pediatric morbidity · Heat wave · Extreme heat · Climate change · Childhood morbidity · Hot temperatures · 
High ambient temperatures · Hot weather · Warm season · Children · Child · Vulnerability · Chronic conditions

Introduction

Global climate change is a leading public health concern in 
our world today. It is regarded as one of the largest impend-
ing social, environmental, and health threats we are fac-
ing this century. Climate change will result in an increase 
in ambient temperatures, more frequent and extreme heat 

waves, and more frequent extreme weather events around 
the world (Meehl and Tebaldi 2004).

To date, the bulk of the heat-health research has focused 
on risks to older adults (Bunker et al. 2016). In contrast, a 
strikingly small number of studies have identified impacts of 
heat on morbidity and especially childhood morbidity. The 
pediatric population is vastly understudied yet has specific 
physiologic and developmental susceptibilities to heat (Blum 
et al. 1998; Bunyavanich et al. 2003)—including children’s 
physiologic susceptibility with smaller body surface-to-mass 
ratios, rapidly developing bodies, and long future life with 
many years of high temperatures ahead. Because childhood 
health sets the trajectory for future adult health and produc-
tivity, there is an urgent need for better information to inform 
public health policies and clinical approaches.
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Children differ greatly from adults in their response to 
heat due to their rapid growth and development, smaller 
body size, greater skin surface area relative to body 
mass, and lesser ability to regulate core body tempera-
ture (Calkins et al. 2016). Some studies investigate age-
stratified mortality rates, but very few investigate specific 
childhood morbidities, with even fewer studies stratifying 
by age group or identifying susceptibility factors among 
children. It has been particularly noted that more research 
is needed within age groups of the pediatric popula-
tion, because some impacts may be more pronounced in 
younger children (Sheffield et al. 2018).

It is also possible that there are several unique predis-
posing conditions that make children more susceptible 
to poor health outcomes. Because children differ physi-
ologically from adults, risks posed by well-established 
adult predisposing diseases, such as cardiovascular dis-
eases, may differ as well. More research is needed to bet-
ter understand what conditions put children at risk for 
poor health outcomes in high temperatures and heatwave 
situations.

There is a great need to understand children’s sus-
ceptibility to extreme heat, with an increasing number 
of individual studies on this population’s reaction to hot 
temperatures. Yet many studies have focused on mortality 
rather than morbidity, used broad indicators of morbidity 
(e.g., emergency department (ED) visits, rather than spe-
cific diagnoses), or not specifically focused on the pedi-
atric populations (Xu et al. 2014a; Li et al. 2015). To our 
knowledge, there are no existing reviews specific to pedi-
atric morbidity associated with extreme heat. This scoping 
review aims to close this gap by detailing the scope of 
the published literature documenting associations between 
extreme heat and pediatric morbidities.

Research question

The primary goal of this study was to comprehensively 
review the literature to identify pediatric morbidity out-
comes previously associated with ambient extreme heat, to 
help inform subsequent quantitative analyses. A secondary 
goal was to identify any evidence that specific pre-existing 
co-morbidities may be associated with greater susceptibil-
ity to heat, among children. Thus, our primary research 
questions were, For which child health outcomes is there 
substantial evidence of an association with extreme ambi-
ent heat? And are there specific co-morbidities which have 
been shown to exacerbate the impacts of extreme heat on 
child health?

Methods

This review followed a standard scoping review meth-
odology (Arksey and O’Malley 2015). Two key research 
questions were identified (stated above), a literature search 
was conducted using the defined search terms shown in 
Table 1, inclusion criteria were applied (Fig. 1), and data 
from included sources was summarized and reported. This 
methodology allowed for the inclusion of multiple types of 
publications and study designs to produce a more thorough 
understanding of the range of pediatric morbidities associ-
ated with extreme heat. The inclusion criteria and methodol-
ogy for this review were specified in a protocol in advance 
of the review.

Extractable data included specific ICD-9 or ICD-10 codes 
from pediatric populations exposed to extreme ambient 
heat, a range of temperature exposures examined, and effect 
estimates with confidence intervals. Each study was also 
reviewed for investigation of predisposing co-morbidities.

Table 1   Search Terms Used in PubMed

Search component Search terms

#1 Adverse outcomes (((“emergency department”[Text Word] OR “casualty department”[Text Word] OR “child health”[Text 
Word] OR “hospital admission”[Text Word] OR “hospital admissions”[Text Word] OR “adverse 
effects”[Text Word] OR “health effects”[Text Word] OR risk[Text Word])))

To focus on morbidity, not mortality

#2 Heat exposure ((heat[Text Word] OR temperature[Text Word])))) OR ((“heat stroke”[Text Word] OR heatstroke[Text 
Word] OR “heat stress”[Text Word] OR hyperthermi*[Text Word]))) OR ((“Hot Temperature/adverse 
effects”[Mesh]) OR “Heat Stress Disorders”[Mesh])))

Text and mesh terms

#3 Ambient conditions ((climat*[Text Word] OR weather[Text Word] OR ambient[Text Word] OR heatwave[Text Word])))
To exclude acute heat
#4 Pediatric population ((((“Adolescent”[Mesh]) OR “Child”[Mesh]) OR “Infant”[Mesh:NoExp]) OR “Infant, 

Newborn”[Mesh:NoExp])) OR ((adolescen*[Text Word] OR child*[Text Word]))) OR ((((infan*[Text 
Word] OR neonat*[Text Word] OR newborn*[Text Word]))) NOT ((preterm[Text Word] OR 
prematur*[Text Word]))

Test and mesh terms excluding preterm 
or premature births

Summary search #1 AND #2 AND #3 AND #4
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Database search

Studies were identified by database searches of PubMed 
and Medline. No date restrictions were used in database 
searches. The search terms were developed by an expe-
rienced librarian with input from the research team. Ref-
erences from included literature were also searched for 
relevant studies not identified in the initial search results. 
The original electronic database search was conducted in 
December 2019, and updated in February 2020 and Sep-
tember 2021.

Search terms

The search strategy included search terms for exposure to 
extreme heat, adverse effects, and the pediatric population. 
Both text and MeSH terms were included. Extreme heat 
terms included hot temperature, heat stress, heat stroke, 
hyperthermia, and heat. Ambient temperature was specified 

using the search terms climate, weather, ambient, and heat-
wave. Adverse effects were investigated by including emer-
gency department, casualty, hospital admission, adverse 
effects, risk, and health effects. The pediatric population 
was targeted by utilizing the search terms adolescent, child, 
and infant. The specific search terms are shown in Table 1.

Article screening and inclusion criteria

Studies were included if they reported results specific to 
children aged 0–18 years of age, exposure to elevated ambi-
ent temperatures, and at least one morbidity outcome. Stud-
ies examining extreme heat and cold were included only if 
results were presented specifically for extreme heat, given 
the very different health outcomes, and very different bio-
logic mechanisms, which may facilitate the impacts of 
extreme cold and extreme heat on child health.

Studies were included from various settings relevant to 
the US urban population (i.e., high income) for relevance to 

Fig. 1   Flow chart of the litera-
ture selection process Search Results from PubMed 

(n= 1636)
Search Results from Medline 

(n= 117)

Total Search Results

(n= 1753)

Search Results after Screening by 

Title

(n= 861)

Search Results excluded by Title

(n= 892)

Search Results after Screening by 

Abstract (n= 156)

Search Results after Screening by 

Exclusion Criteria and Included in 

Review (n= 24)

Search Results excluded by Abstract

(n= 729)

Search Results after Exclusion 

Criteria (n= 132)
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future research on this population. All study designs were 
included. Studies containing information about previously-
diagnosed conditions that might predispose children to 
adverse heat outcomes were also included.

Mortality studies were included in the initial review pro-
cess but later excluded if they did not examine at least one 
morbidity outcome. Other excluded studies were those that 
were not published in English; used physiologic tempera-
ture therapy; focused solely on preterm children, premature 
birth outcomes, and unborn children; focused on pollution as 
the main exposure; or did not have extractable ICD-9 codes 
(e.g., examining only total emergency department visits or 
ambulance call-outs). Also, while review articles were not 
included in data analysis, their references were reviewed for 
any studies that were relevant and not previously identified 
in search results; by this criteria, we identified several stud-
ies which included adult populations as well, but we include 
them here only those reported results specific to children.

Assessment and analysis

Electronic search results were downloaded into EndNote 
bibliographic software. In consultation with co-authors, the 
first author screened the titles and abstracts identified by 
the search and applied the selection criteria. Data extracted 
included morbidity outcomes, country(s) where the outcome 
was experienced, and type of publication, as well as a short 
summary and any notes on the study. An overview of the 
collection process is shown in Fig. 1. Most studies examined 
multiple outcomes or examined associations within varying 
age strata, which we report here as separate results.

Results

Description of included studies

A total of 20 articles met the criteria for inclusion in this 
scoping review. Most (12) were studies of US or Canadian 
populations, five based in Australia, and 3 from the UK and 
Europe. All studies examined data on outcome-specific 
emergency room visits or hospital admissions data.

Identified pediatric morbidity outcomes

Relevant results were extracted for all outcomes reported in 
the original study. Extracted data included study design, age 
ranges of interest, exposure metric and interval of compari-
son, and effect estimates with confidence intervals.

Where temperature metrics are examined across multiple 
lag days prior to outcome, we report these as separate effect 
estimates or multi-day lags, as reported in the original study. 
In many cases, for brevity, we report only the significant lag 

day or case day results but mark those studies where other 
lags were tested but not found significant.

All extracted results were initially sorted by morbidity 
(ICD-9/-10 code) and grouped where similar (i.e., ear infec-
tions were grouped under infectious disease/ infections).

As scoping reviews do not normally exclude studies based 
on design or analytic approach, a comparison of the mag-
nitude of effect size observed is not feasible. Instead, direc-
tions of association were compared to map the literature 
broadly. The final list of results is summarized in Table 2.

Morbidity outcomes identified

The most commonly-examined outcome was heat-related 
illness (HRI), though its definition varied somewhat across 
studies. All nine studies reported positive associations 
with heat metrics that included daily maximum tempera-
ture (Tmax), average temperature (Tmean), and heatwave 
vs. non-heatwave periods. In studies reporting associations 
across multiple lag days, the strongest associations were 
found on lag day 0 (case day), and generally comparable 
between older and younger children.

Six studies examined dehydration/electrolyte imbalance, 
with all but one reporting significant positive associations. 
Heat metrics varied across studies, though the only one that 
accounted for humidity (using a humidex index) reported 
null results. Effects were stronger on the case day, where 
lag days were tested, and stronger and more significant, in 
several studies, among older vs. younger children.

One study reported positive significant associations 
between Tmax and general symptoms among children under 
age 4 (Sheffield et al. 2018). Two of the three studies exam-
ining diarrhea and digestion disorders found positive signifi-
cant associations across multiple lag days among younger 
children (up to age 5).

All four studies of infectious diseases/ infections reported 
positive significant associations across lag days up to 6 days 
prior to case days, and among children ranging from 0 to 
18 years old. Likewise, all four studies of Asthma/Wheeze 
reported significant positive associations, up to five days 
prior to case day, and particularly among older children 
(aged 5–18 years). Finally, both studies of injury outcomes 
reported significant positive associations with Tmax, par-
ticularly on the case day.

Most studies of renal disease found no significant asso-
ciation with various heat metrics with the exception of one 
Australian study that reported a greater risk of ED visits or 
hospital admissions for renal disorders during either low- or 
high-intensity heatwaves, among all children aged 0 to 14 
(Xiao et al. 2017). No studies reported significant associa-
tions between heat and cardiovascular diseases or diabetes 
mellitus in children.
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Results were mixed for other respiratory diseases (not 
asthma/ wheeze) as, among six studies, three were null, 
one reported consistent positive associations with Tmax 
across multiple days (van Loenhout et al. 2018), and two 
reported protective associations, suggesting significantly 
lower risk of ED visit for respiratory disease with higher 
daily temperature; one found this protective association 
only among younger children (0 to 4 years old) (Basu et al. 
2012), and the other found small but consistent protective 
associations for both older and younger children, four to 
five days prior to ED visit (Winquist et al. 2016).

Finally, there were mixed results for mental health/ 
psychological disorders, with one study reporting an 
elevated risk of ED visits for mental health disorders and 
self-inflicted injury/ suicide with higher daily Tmean 
among children aged 6 to 18 years (Winquist et  al. 
2016). The other study (Isaksen et al. 2015) reported no 
association.

Age reporting

Studies varied greatly in the child age range examined, 
but many studies reported results separately for younger 
(e.g., 0 to 4 years old) and older (e.g., 5 to 18 years old) 
children. Some outcomes (e.g., general symptoms) were 
exclusively examined among younger children (Shef-
field et al. 2018), and some outcomes were examined 
only among older children (i.e., associations for asthma/ 
wheeze were stronger among older children, and mental 
health disorders and self-inflicted injury/ suicide were 
examined in Basu et al. 2018, only among 6 to 18 year-
olds). In most cases, however, associations were fairly 
comparable across age ranges.

Predisposing disease

Only two studies identified specific predisposing diseases 
in children, both identifying Cystic Fibrosis (CF) as a pre-
disposing factor. One study found children with CF were 
more vulnerable to hypokalemia and metabolic alkalosis, 
and the other identified a vulnerability to Pseudomonas 
aeruginosa infections in high-heat situations. Results are 
shown in Table 3.

Discussion

This scoping review aimed to create a comprehensive list 
of pediatric morbidity outcomes identified in the literature 
as associated with extreme heat and to identify predispos-
ing illnesses that make children more vulnerable to morbid 
heat outcomes. Using a scoping review approach, we were 
able to identify and combine many types of publications—
each using different study designs, heat metrics, exposure 
intervals, outcomes, and populations. As such, our results 
do not provide a quantitative assessment of a specific ques-
tion, but rather summarize the literature to date on heat 
and child morbidity, to shape research going forward.

We found predominantly positive associations between 
high extreme temperature exposures and heat-related ill-
ness, dehydration/electrolyte imbalance, general symp-
toms, diarrhea and digestion disorders, infectious diseases/
infections, asthma/wheeze, and injury.

Those studies that considered renal disease, cardiovascu-
lar diseases, or diabetes mellitus generally did not find sig-
nificant associations. Results were mixed for other respira-
tory diseases, and mental health/psychological disorders.

For those outcomes with mixed or close-to-null results, 
this finding could mean that the association is truly null, 
that the study was underpowered, or that the outcome cat-
egorization was too broad to identify a true association. 
Also, many studies were identified in the search process 
but later eliminated due to non-specific reporting of mor-
bidity events, such as total emergency department visits, 
lacking specific ICD codes.

This review also aimed to identify areas needing more 
study within this body of literature. Notably, Cystic Fibro-
sis was the only pre-existing co-morbidity for which we 
found evidence of susceptibility. There is a great need to 
investigate other co-morbidities, examine other potential 
susceptibility factors (e.g., sex, race/ethnicity, community 
characteristics, socioeconomic position), better identify sus-
ceptible populations, and tailor heat-health interventions.

Xu et al. (2013a) noted that both hot and cold tem-
peratures are associated with increased ED visits for acute 
exacerbations of childhood asthma, with male children 
aged 0–4 most vulnerable to heat effects (Xu et al. 2013b). 
Kenny et al. state in a comprehensive review of diabe-
tes literature that “diabetes tends to place individuals at 
greater risk for heat-related illness during heatwaves due 

Table 3   Identified Predisposing 
Factors for Adverse Heat 
Outcomes.

Predisposing disease ICD-9 ICD-10 Source name Heat effects ICD-9 ICD-10

Cystic Fibrosis 277 E84 Bates et al. 1997 Hypokalemia 276.8 E87.6
Cystic Fibrosis 277 E84 Bates et al. 1997 Metabolic alkalosis 276.3 E87.3
Cystic Fibrosis 277 E84 Psoter et al. 2015 Pseudomonas aeruginosa 8.42 B96.5
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to an impaired capacity to dissipate heat,” implying that 
diabetes is indeed a predisposing risk factor instead of an 
outcome (Kenny et al. 2016). Finally, studies like Krämer 
et al note seasonal trends in pediatric eczema, showing 
exacerbations in both summer and winter temperatures, 
implying that ambient temperature can play a role in flare-
ups in children (Krämer et al. 2005).

Identifying specific outcomes associated with extreme 
heat is somewhat complicated by having an ICD code for 
“heat-related illness” (ICD-9 codes 992.0–992.9). This is 
a unique ICD-9 code in that, unlike most others, it presup-
poses the exposure - suggesting ample room for bias in 
diagnosis, as clinicians may be more inclined to use this 
diagnosis on hot days. Further, the code may entail many 
more specific outcomes (dehydration, exhaustion, etc.), and 
precludes a more detailed analysis. More broadly, many of 
the studies identified reported results for very broad code 
ranges, rather than by specific diagnosis, complicating the 
comparison between studies.

Strengths

The use of a scoping design allowed for the inclusion of 
many different types of study designs and thus also for the 
creation of a more comprehensive list of morbidity outcomes 
and better identification of areas needing additional study. 
This mapping will help guide future research in this under-
studied field of pediatric morbidity association with extreme 
heat.

Limitations

Included studies had inconsistent age groupings, with some 
including all children 18 years and under and others break-
ing groups of children into different, inconsistent age brack-
ets. Because the study designs, heat metrics, and age ranges 
were so varied, any potential consistent age stratification or 
meta-analysis is virtually impossible.

The review was also limited to the data collection 
methods used in included studies when considering what 
should count as a predisposing disease risk factor. Future 
studies using more detailed health records should aim to 
distinguish more clearly between risk factors, including 
potential risk factors not reported here (e.g., sex, race/ 
ethnicity) and outcomes. As a scoping review does not 
exclude studies based on design or analytic approach, a 
comparison of the magnitude of effect size observed is not 
feasible. Instead, we compared the direction of association 
to map the literature broadly.

Conclusion

This literature review created the most extensive list to 
date, to our knowledge, of pediatric morbidity outcomes 
associated with extreme heat in the literature as of Novem-
ber 2021. The prevalent health outcomes in the pediatric 
population positively associated with extreme heat were 
heat-related illness, dehydration/ electrolyte imbalance, 
general symptoms, diarrhea and digestion disorders, infec-
tious diseases/ infections, asthma/ wheeze, and injury.

Few to no significant associations were found for renal 
disease, cardiovascular diseases, or diabetes mellitus. 
results were mixed for other respiratory diseases and men-
tal health/psychological disorders.

More research is needed as the pediatric population has 
been identified as vulnerable to extreme heat, yet it is clear 
that our understanding is not complete due to the lack of 
specific results by age category and unclear health out-
come coding systems.

This literature review can inform future surveillance 
and preventive measures during heat events, and serve as a 
basis for future researchers hoping to investigate pediatric 
morbidity due to extreme heat. With the looming threat of 
global climate change, studies like this are necessary to 
protect children and the public from preventable health 
burdens.

Acknowledgements  We would like to thank Kathleen Turner for her 
help and guidance.

Author contribution  All authors contributed to the study conception 
and design. Literature search, screening, and analysis were conducted 
by Danielle Uibel. The first draft of the manuscript was written by 
Danielle Uibel and all authors commented on previous versions of 
the manuscript. Rachit Sharma and Danielle Piontkowski refined the 
literature review. Jane Clougherty revised the manuscript. All authors 
read and approved the final manuscript.

Funding  This study was funded by NIEHS (R01ES030717) (PES, JC); 
NIEHS (P30ES023515) (PES).

Data availability  Not applicable.

Code availability  Not applicable.

Declarations 

Ethics Approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Conflict of interest  The authors declare no competing interests.

1697International Journal of Biometeorology (2022) 66:1683–1698



1 3

References

Adeyeye TE, Insaf TZ, Al-Hamdan MZ, Nayak SG, Stuart N, DiR-
ienzo S, Crosson WL (2019) Estimating policy-relevant health 
effects of ambient heat exposures using spatially contiguous rea-
nalysis data. Environ Health 18(1):35. https://​doi.​org/​10.​1186/​
s12940-​019-​0467-5

Arksey H, O’Malley L (2015) Scoping studies: towards a methodologi-
cal framework. Int J Soc Res Methodol 8(1):19–32

Basu R, Dharshani P, Brian M, Rachel B, Rochele G (2012) The effect of 
high ambient temperature on emergency room visits. Epidemiology 
23(6):813–820. https://​doi.​org/​10.​1097/​EDE.​0b013​e3182​6b7f97

Basu R, Gavin L, Pearson D, Ebisu K, Malig B (2018) Examining 
the association between apparent temperature and mental health-
related emergency room visits in California. Am J Epidemiol 
187(4):726–735. https://​doi.​org/​10.​1093/​aje/​kwx295

Bates RD, Nahata MC, Jones JW, McCoy K, Young G, Cox S, Bar-
son WJ (1997) Pharmacokinetics and safety of tobramycin after 
once-daily administration in patients with cystic fibrosis. Chest. 
112(5):1208–1213. https://​doi.​org/​10.​1378/​chest.​112.5.​1208

Blum LN, Bresolin LB, Williams MA, From the AMA Council on Sci-
entific Affairs (1998) Heat-related illness during extreme weather 
emergencies. JAMA 279(19):1514. https://​doi.​org/​10.​1001/​jama.​
279.​19.​1514

Bunker A, Wildenhain J, Vandenbergh A, Henschke N, Rocklöv J, 
Hajat S, Sauerborn R (2016) Effects of air temperature on climate-
sensitive mortality and morbidity outcomes in the elderly; a sys-
tematic review and meta-analysis of epidemiological evidence. 
EBioMedicine 6:258–268

Bunyavanich S, Landrigan C, McMichael A, Epstein P (2003) The 
impact of climate change on child health. Ambul Pediatr 3(1):44–52

Calkins MM, Isaksen TB, Stubbs BA, Yost MG, Fenske RA (2016) 
Impacts of extreme heat on emergency medical service calls in 
King County, Washington, 2007-2012: relative risk and time 
series analyses of basic and advanced life support. Environ Health 
15:13. https://​doi.​org/​10.​1186/​s12940-​016-​0109-0

Figgs LW (2019) Emergency department asthma diagnosis risk asso-
ciated with the 2012 heat wave and drought in Douglas County 
NE, USA. Heart Lung 48(3):250–257. https://​doi.​org/​10.​1016/j.​
hrtlng.​2018.​12.​005

Isaksen TB, Yost MG, Hom EK, Ren Y, Lyons H, Fenske RA (2015) 
Increased hospital admissions associated with extreme-heat expo-
sure in King County, Washington, 1990-2010. Rev Environ Health 
30(1):51–64. https://​doi.​org/​10.​1515/​reveh-​2014-​0050

Kenny GP, Sigal RJ, McGinn R (2016) Body temperature regulation 
in diabetes. Temperature 3(1):119–145

Kingsley SL, Eliot MN, Gold J, Vanderslice RR, Wellenius GA (2016) 
Current and projected heat-related morbidity and mortality in 
Rhode Island. Environ Health Perspect 124(4):460–467. https://​
doi.​org/​10.​1289/​ehp.​14088​26

Knowlton K, Rotkin-Ellman M, King G, Margolis HG, Smith D, Solo-
mon G et al (2009) The 2006 California heat wave: impacts on 
hospitalizations and emergency department visits. Environ Health 
Perspect 117(1):61–67. https://​doi.​org/​10.​1289/​ehp.​11594

Kovats RS, Hajat S, Wilkinson P (2004) Contrasting patterns of mor-
tality and hospital admissions during hot weather and heat waves 
in Greater London, UK. Occup Environ Med 61(11):893–898. 
https://​doi.​org/​10.​1136/​oem.​2003.​012047

Krämer U, Weidinger S, Darsow U, Möhrenschlager M, Ring J, 
Behrendt H (2005) Seasonality in symptom severity influenced 
by temperature or grass pollen: results of a panel study in chil-
dren with eczema. J Investig Dermatol 124(3):514–523

Li M, Gu S, Bi P, Yang J, Liu Q (2015) Heat waves and morbidity: cur-
rent knowledge and further direction-a comprehensive literature 
review. Int J Environ Res Public Health 12(5):5256–5283

Lippmann SJ, Fuhrmann CM, Waller AE, Richardson DB (2013) Ambi-
ent temperature and emergency department visits for heat-related 
illness in North Carolina, 2007–2008. Environ Res 124:35–42

Meehl GA, Tebaldi C (2004) More intense, more frequent, and longer 
lasting heat waves in the 21st century. Science 305(5686):994–997

Nitschke M, Tucker GR, Hansen AL, Williams S, Zhang Y, Bi P (2011) 
Impact of two recent extreme heat episodes on morbidity and mor-
tality in Adelaide, South Australia: a case-series analysis. Environ 
Health 10:42. https://​doi.​org/​10.​1186/​1476-​069x-​10-​42

O'Lenick CR, Winquist A, Chang HH, Kramer MR, Mulholland JA, 
Grundstein A, Sarnat SE (2017) Evaluation of individual and 
area-level factors as modifiers of the association between warm-
season temperature and pediatric asthma morbidity in Atlanta, 
GA. Environ Res 156:132–144. https://​doi.​org/​10.​1016/j.​envres.​
2017.​03.​021

Parsons N, Odumenya M, Edwards A, Lecky F, Pattison G (2011) Mod-
elling the effects of the weather on admissions to UK trauma units: 
a cross-sectional study. Emerg Med J 28(10):851–855. https://​doi.​
org/​10.​1136/​emj.​2010.​091058

Psoter KJ, De Roos AJ, Mayer JD, Kaufman JD, Wakefield J, Rosen-
feld M (2015) Fine particulate matter exposure and initial Pseu-
domonas aeruginosa acquisition in cystic fibrosis. Ann Am 
Thorac Soc 12(3):385–391. https://​doi.​org/​10.​1513/​Annal​sATS.​
201408-​400OC

Sheffield PE, Herrera MT, Kinnee EJ, Clougherty JE (2018) Not so 
little differences: variation in hot weather risk to young children 
in New York City. Public Health 161:119–126. https://​doi.​org/​10.​
1016/j.​puhe.​2018.​06.​004

Soneja S, Jiang C, Fisher J, Upperman CR, Mitchell C, Sapkota A 
(2016) Exposure to extreme heat and precipitation events associ-
ated with increased risk of hospitalization for asthma in Mary-
land, U.S.A. Environ Health 15:57. https://​doi.​org/​10.​1186/​
s12940-​016-​0142-z

Toloo GS, Yu W, Aitken P, FitzGerald G, Tong S (2014) The impact 
of heatwaves on emergency department visits in Brisbane, Aus-
tralia: a time series study. Crit Care 18(2):R69. https://​doi.​org/​
10.​1186/​cc138​26

van Loenhout JAF, Delbiso TD, Kiriliouk A, Rodriguez-Llanes JM, 
Segers J, Guha-Sapir D (2018) Heat and emergency room admis-
sions in the Netherlands. BMC Public Health 18(1):108. https://​
doi.​org/​10.​1186/​s12889-​017-​5021-1

Wilk P, Gunz A, Maltby A, Ravichakaravarthy T, Clemens KK, 
Lavigne É et al (2021) Extreme heat and paediatric emergency 
department visits in Southwestern Ontario. Paediatr Child Health 
26(5):305–309

Winquist A, Grundstein A, Chang HH, Hess J, Sarnat SE (2016) Warm 
season temperatures and emergency department visits in Atlanta, 
Georgia. Environ Res 147:314–323. https://​doi.​org/​10.​1016/j.​
envres.​2016.​02.​022

Xiao J, Spicer T, Jian L, Yun GY, Shao C, Nairn J et al (2017) Vari-
ation in population vulnerability to heat wave in Western Aus-
tralia. Front Public Health 5:64. https://​doi.​org/​10.​3389/​fpubh.​
2017.​00064

Xu Z, Huang C, Turner LR, Su H, Qiao Z, Tong S (2013a) Is diurnal 
temperature range a risk factor for childhood diarrhea? PLoS One 
8(5):e64713. https://​doi.​org/​10.​1371/​journ​al.​pone.​00647​13

Xu Z, Huang C, Hu W, Turner LR, Su H, Tong S (2013b) Extreme 
temperatures and emergency department admissions for child-
hood asthma in Brisbane, Australia. Occup Environ Med 
70(10):730–735

Xu Z, Liu Y, Ma Z, Sam Toloo G, Hu W, Tong S (2014a) Assessment 
of the temperature effect on childhood diarrhea using satellite 
imagery. Sci Rep 4:5389. https://​doi.​org/​10.​1038/​srep0​5389

Xu Z, Sheffield PE, Su H, Wang X, Bi Y, Tong S (2014b) The impact of 
heat waves on children’s health: a systematic review. Int J Biom-
eteorol 58(2):239–247

1698 International Journal of Biometeorology (2022) 66:1683–1698

https://doi.org/10.1186/s12940-019-0467-5
https://doi.org/10.1186/s12940-019-0467-5
https://doi.org/10.1097/EDE.0b013e31826b7f97
https://doi.org/10.1093/aje/kwx295
https://doi.org/10.1378/chest.112.5.1208
https://doi.org/10.1001/jama.279.19.1514
https://doi.org/10.1001/jama.279.19.1514
https://doi.org/10.1186/s12940-016-0109-0
https://doi.org/10.1016/j.hrtlng.2018.12.005
https://doi.org/10.1016/j.hrtlng.2018.12.005
https://doi.org/10.1515/reveh-2014-0050
https://doi.org/10.1289/ehp.1408826
https://doi.org/10.1289/ehp.1408826
https://doi.org/10.1289/ehp.11594
https://doi.org/10.1136/oem.2003.012047
https://doi.org/10.1186/1476-069x-10-42
https://doi.org/10.1016/j.envres.2017.03.021
https://doi.org/10.1016/j.envres.2017.03.021
https://doi.org/10.1136/emj.2010.091058
https://doi.org/10.1136/emj.2010.091058
https://doi.org/10.1513/AnnalsATS.201408-400OC
https://doi.org/10.1513/AnnalsATS.201408-400OC
https://doi.org/10.1016/j.puhe.2018.06.004
https://doi.org/10.1016/j.puhe.2018.06.004
https://doi.org/10.1186/s12940-016-0142-z
https://doi.org/10.1186/s12940-016-0142-z
https://doi.org/10.1186/cc13826
https://doi.org/10.1186/cc13826
https://doi.org/10.1186/s12889-017-5021-1
https://doi.org/10.1186/s12889-017-5021-1
https://doi.org/10.1016/j.envres.2016.02.022
https://doi.org/10.1016/j.envres.2016.02.022
https://doi.org/10.3389/fpubh.2017.00064
https://doi.org/10.3389/fpubh.2017.00064
https://doi.org/10.1371/journal.pone.0064713
https://doi.org/10.1038/srep05389

	Association of ambient extreme heat with pediatric morbidity: a scoping review
	Abstract
	Introduction
	Research question

	Methods
	Database search
	Search terms
	Article screening and inclusion criteria
	Assessment and analysis

	Results
	Description of included studies
	Identified pediatric morbidity outcomes
	Morbidity outcomes identified
	Age reporting
	Predisposing disease

	Discussion
	Strengths
	Limitations

	Conclusion
	Acknowledgements 
	References


