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Abstract: Background and objectives: Heat-related illness (HRI) can have significant morbidity and
mortality consequences. Research has predominately focused on HRI in the emergency department,
yet health care leading up to hospital arrival can impact patient outcomes. Therefore, the purpose
of this study was to describe HRI in the prehospital setting. Materials and Methods: A descriptive
epidemiological design was utilized using data from the National Emergency Medical Services (EMS)
Information System for the 2017–2018 calendar years. Variables of interest in this study were: patient
demographics (age, gender, race), US census division, urbanicity, dispatch timestamp, incident
disposition, primary provider impression, and regional temperatures. Results: There were 34,814
HRIs reported. The majority of patients were white (n = 10,878, 55.6%), males (n = 21,818, 62.7%),
and in the 25 to 64 age group (n = 18,489, 53.1%). Most HRIs occurred in the South Atlantic US
census division (n = 11,732, 33.7%), during the summer (n = 23,873, 68.6%), and in urban areas
(n = 27,541, 83.5%). The hottest regions were East South Central, West South Central, and South
Atlantic, with peak summer temperatures in excess of 30.0 ◦C. In the spring and summer, most
regions had near normal temperatures within 0.5 ◦C of the long-term mean. EMS dispatch was called
for an HRI predominately between the hours of 11:00 a.m.–6:59 p.m. (n = 26,344, 75.7%), with the
majority (27,601, 79.3%) of HRIs considered heat exhaustion and requiring the patient to be treated
and transported (n = 24,531, 70.5%). Conclusions: All age groups experienced HRI but particularly
those 25 to 64 years old. Targeted education to increase public awareness of HRI in this age group may
be needed. Region temperature most likely explains why certain divisions of the US have higher HRI
frequency. Afternoons in the summer are when EMS agencies should be prepared for HRI activations.
EMS units in high HRI frequency US divisions may need to carry additional treatment interventions
for all HRI types.
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1. Introduction

The term “heat-related illness” (HRI) encompasses many different conditions as it includes any
ailment that a health care provider perceives as being related to warm environmental temperatures.
The United State (US) experiences warm to hot environmental conditions throughout the year depending
on the region of the country. With climate warming across the world, HRI is a public health concern [1].
Heat-related illness can include commonly diagnosed conditions, such as heat cramps, heat exhaustion,
heat syncope, and heat stroke. However, ICD-10 codes also allow for HRI to be ambiguously coded,
such as “heat fatigue” and “effects of heat and light”. Heat cramps, more commonly known by sports
medicine organizations as exercise-associated muscle cramps, are involuntary contractions of skeletal
muscles [2–4]. Heat exhaustion is defined as collapse due to cardiovascular insufficiency in which
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dehydration and/or sodium losses are the typical etiologies [2–4]. Heat syncope typically occurs in
populations that have been standing for long periods of time (i.e., soldiers, marching band members)
or individuals who have suddenly stopped at a finish line. Blood pools in the lower extremities and
the patient faints as a protective mechanism to return normal blood flow to the heart and brain [2–4].
Heat exhaustion, heat syncope, heat cramps, and dehydration compose the majority of HRI evaluated
in emergency departments (ED) [5–9].

Heat stroke, on the other hand, is a deadly HRI as the individual’s core body temperature can rise
dangerously above 40 ◦C (>104.5 ◦F) [10]. This results in significant central nervous system dysfunction
and organ failure [10–12]. Etiologies can include environmental heat gain and/or exertional metabolic
heat generation. Treatment requires aggressive body cooling and monitoring of vital organs [3,4,10,13].
The Center for Disease Control (CDC) estimated that a total of 3442 deaths were heat-related between
1999 and 2003 (annual mean: 688) [14]. The CDC report indicated that the number of heat-related
deaths is actually underestimated.

The vast majority of HRI research has been conducted in EDs, at the state or research network
level [5–9,15]. HRIs differ significantly in terms of diagnoses, treatment interventions, and case
disposition, therefore making descriptive research during the different stages of HRI (i.e., incident,
prehospital care, emergency department, hospitalization, and post-hospitalization) imperative to
provide a foundation for future clinical research. Only a few studies have been conducted in
the prehospital setting, focused on organized sport populations or the military [16–18], leaving
understanding of HRI in the general population unexamined. Understanding HRI in this setting is
vital as transportation from the incident to the emergency department can play a large role in health
outcomes [19,20]. Mortality rates can be reduced by more than 20% when cooling is completed within
60 min, emphasizing the need for prompt prehospital recognition by emergency medical services (EMS)
and fast transportation to the nearest facility [13]. To date, there has been no HRI research conducted
using data from EMS units. The National EMS Information System (NEMSIS), a standardized EMS
database, presents an opportunity to examine HRI from the perspective of EMS across the US. Therefore,
the purpose of this study was to describe EMS activations for HRI using the NEMSIS.

2. Materials and Methods

2.1. Study Design

A descriptive epidemiological design was conducted utilizing data from the NEMSIS for the
2017–2018 calendar years. These years were chosen because the NEMSIS began using ICD-10-CM
codes in 2017. Emergency medical services activations included in this study were limited to 9-1-1
responses for individuals aged infancy (0 years) to 100 years of age in which an HRI was documented.
The current study was conducted as part of a larger examination of injuries presenting to EMS.

2.2. Study Procedures

A data request was submitted to the NEMSIS for the 2017 and 2018 Public-Release Datasets.
The NEMSIS collects data voluntarily reported by participating EMS agencies across the US
using compatible documentation software. The NEMSIS includes data from both publicly and
privately funded EMS agencies in the US. EMS personnel provide services at three main certification
levels (emergency medical technician, advanced emergency medical technician, and paramedic),
each requiring completion of a standardized curriculum of didactic with hands-on training and
continuing education to maintain certification. EMS within the US are available for every individual;
however, response time and the level of responding providers (basic life support or advanced life
support) vary depending on the urbanicity or ruralness of the area and type of EMS available. EMS
agencies bill for services provided, depending on the individuals’ insurance, and costs vary for how
much the patient must pay out of pocket, if any. EMS personnel provide care under the direction
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of their agency’s EMS medical director and must follow their agency’s approved protocols. EMS
protocols vary by state and EMS agency.

For each EMS activation, a patient care report is completed by the EMS provider. Emergency
medical services agencies determine which elements to include in their documentation but must
include required national and state-level elements. The 2017 Public-Release Research Dataset included
over 7.9 million EMS activations from 4016 EMS agencies across 35 states and territories [21]. The 2018
Public-Release Research Dataset included over 22.5 million EMS activations from 9599 EMS agencies
across 43 states and territories [21]. Each public release dataset contained all required national-level
variables. Not all variables are mandated to be completed by the EMS provider in the patient care
report and some allow the EMS provider to select “Not Applicable”, resulting in varying completeness
of exported reports. Data received from participating agencies were checked by the NEMSIS Technical
Assistance Center for completeness, logical consistency and formatting, and quality assurance. All data
were de-identified.

A heat-related illness was operationally defined as an EMS activation within the NEMSIS based
on ICD-10-CM codes of the T.67 series (as selected within the patient care report and determined by
the EMS provider). Codes within this series were categorized as either (1) heat stroke, (2) heat syncope,
(3) heat cramp, (4) heat exhaustion, or (5) other. All ICD-10-CM codes within this series and their
corresponding heat-related illness category are presented in a supplemental figure.

2.3. Variables of Interest

The NEMSIS variables of interest in this study were: patient demographics (patient age, patient
gender, patient race), US census division, urbanicity, dispatch timestamp, incident disposition,
and primary provider impression. Patient age (in years), US census division [22], and urbanicity [23]
were calculated and provided by the NEMSIS but not directly entered by the EMS provider completing
the patient care report. Dispatch time stamp included the month, day, and time in which EMS
was activated. Incident/patient disposition was the resulting treatment and/or transport of the EMS
event (e.g., call cancelled prior to arrival at scene, patient refused evaluation/care, patient treated
and transported by EMS). Provider’s primary impression was the EMS provider’s impression of the
patient’s predominant problem or most significant condition which led to the management procedures
(treatment, medication, or monitoring).

2.4. Census Region Temperature Patterns

Regional temperature patterns were identified using the climate division dataset [24]. The monthly
average maximum temperature for each state within the contiguous US was computed for the study
period (January 2017 to December 2018). These data were compiled into seasons as winter (December,
January, February), spring (April to May), summer (June to August), and fall (September to October),
and then aggregated by census region using area-weighted averages. A similar approach was used
using the long-term (1981–2010) mean values. The differences between the study period mean
maximum and the long-term mean maximum by season were compared to determine if the study
years were hotter or cooler than average.

2.5. Statistical Analysis

Data were analyzed using SAS® software (Version 9.4, SAS Institute Inc., Cary, NC, USA).
Frequencies were calculated for all variables. Means and standard deviation were calculated for patient
age. Age groups were created for provider impression based on life stages (children <13, secondary
school 13–18, post-secondary school 19–24, adult 25–64, and elderly >64). Cases in which a required
variable was coded as “not applicable” or “not recorded” by the NEMSIS were combined as “not
documented” for descriptive reporting. In the data set provided by NEMSIS, cells that provided no
information were considered “missing”.
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3. Results

3.1. Patient Demographics

There were 34,814 HRIs reported in NEMSIS for the years 2017 and 2018. The average age of an
individual that required EMS activation for an HRI was 46.4 ± 22.9 years, with the majority (n = 18,489,
53.1%) of patients in the 25 to 64 age group. Frequency of age groups that experienced an HRI are
presented in Figure 1. White people (n = 10,878, 55.6%) and males (n = 21,818, 62.7%) composed the
majority of patients. Gender was not documented in 247 cases (0.7%). A breakdown of HRI frequency
by race is provided in Table 1.
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Figure 1. Frequency of age group that experienced a heat-related illness. Missing = 405.

Table 1. Heat-related illnesses by race.

Frequency (n) Percent (%)

American Indian or Alaska Native 196 1.0
Asian 173 0.9

Black or African-American 3889 19.9
Hispanic or Latino 1380 7.1

Native Hawaiian or Other Pacific Islander 66 0.3
White 10,878 55.6

Not Documented 2996 15.3

Total 19,578 100.0

Missing = 15,236.

3.2. US Census Division and Urbanicity

The most (n = 11,732, 33.7%) HRIs occurred in the South Atlantic division of the United States.
The remaining divisions composing the southern region of the US (East South Central and West South
Central) also composed a large portion (n = 5922, 17.0%) of HRI EMS activations. A breakdown of
HRI frequency in each census division is provided in Table 2. Urban areas experienced the majority
(n = 27,541, 83.5%) of HRI. Suburban areas only constituted 5.8% of HRIs (n = 1916), whereas rural and
wilderness areas composed the remaining 10.7% (n = 3538).
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Table 2. Heat-related illnesses by United State census division.

Frequency (n) Percent (%)

East North Central 3330 9.6
East South Central 2130 6.1

Middle Atlantic 1418 4.1
Mountain 4861 14.0

New England 891 2.6
Pacific 4046 11.6

South Atlantic 11,732 33.7
Territories 16 0.1

West North Central 2598 7.5
West South Central 3792 10.9

Total 34,814 100.0

3.3. Dispatch Date and Time

Most (n = 23,873, 68.6%) EMS activations for HRI occurred between the summer months
(June–August). Frequency of HRI by each month is provided in Figure 2. The beginning (1st–15th) and
end (16th–31st) of the month were evenly divided (n = 17,437, 50.1%; n = 17,377, 49.9%, respectively)
for HRI EMS activations. EMS dispatch was called for an HRI between the hours of 11:00 a.m.–2:59 p.m.
(n = 13,282, 38.2%) and 3:00 p.m.–6:59 p.m. (n = 13,062, 37.5%) the most. The remaining frequencies in
which EMS dispatch was called were between 7:00 pm and 12:59 a.m. (n = 4400, 12.6%), 1:00 a.m. and
6:59 a.m. (n = 637, 1.8%), and 7:00 a.m. and 10:59 (n = 3433, 9.9%).
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Figure 2. Heat-related illness by month.

3.4. Census Division Temperature Patterns

All regions had similar seasonal patterns, with the coldest temperatures in winter, intermediate
temperatures in spring and fall, and the hottest temperatures in the summer (Table 3). Yet, there were
diverse seasonal maximum temperatures among regions. Throughout the year, the hottest divisions
were East South Central, West South Central, and South Atlantic, with the warmest winter temperatures
(13.5–15.8 ◦C) and peak summer temperatures in excess of 30.0 ◦C. In contrast, the East North Central,
West North Central, and New England regions had the coldest winter temperatures (0.1–2.1 ◦C) and the
mildest summer temperatures (25.0–28.8 ◦C). The remaining divisions had intermediate temperatures.
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Table 3. Seasonal maximum air temperatures by census division (◦C) for 2017–2018 and temperature
difference computed as study period minus long-term mean (1981–2010).

DIVISION Winter Spring Summer Fall Diff_Win Diff_Spr Diff_Sum Diff_Fall

East North Central 2.1 14.2 27.1 15.6 1.6 −0.2 0.1 −0.2
East South Central 13.5 23.0 31.0 23.0 1.9 0.6 −0.3 0.0

Middle Atlantic 3.1 13.3 26.1 15.8 1.5 −0.5 0.1 0.2
Mountain 5.7 16.9 29.5 17.3 0.7 1.1 1.2 0.5

New England 0.1 10.8 25.0 14.1 1.0 −0.5 0.5 0.5
Pacific 8.6 17.1 29.5 19.2 0.3 0.4 1.6 0.6

South Atlantic 15.4 23.1 30.8 23.9 1.9 0.3 −0.1 0.5
West North Central 1.4 15.3 28.8 15.6 0.8 0.0 0.4 −0.5
West South Central 15.8 25.9 33.8 24.7 1.4 1.4 0.4 −0.2

The degree of difference in maximum temperatures from the long-term mean varied by division
and season. Most notably, winter temperatures were above average across the country, ranging from
0.3–1.9 ◦C. In the spring and summer, many divisions had near normal temperatures within 0.5 ◦C of
the long-term mean but the Mountain and West South Central divisions were over 1 ◦C warmer in the
spring and the Pacific and Mountain divisions were over 1 ◦C warmer in summer. In the fall, most
divisions had near-normal conditions within 0.5 ◦C of the long-term mean.

3.5. Provider Impression and Incident Disposition

The majority (27,601, 79.3%) of HRIs were considered heat exhaustion by EMS providers. Heat
stroke also comprised a large portion (n = 5955, 17.1%) of HRI. Heat syncope (n = 298, 0.9%), heat
cramps (304, 0.9%), and other (n = 656, 1.9%) composed small percentages of the remaining cases.
Provider impression frequencies by age group are provided in Table 4. Heat exhaustion composed the
most HRI in each age group. Heat stroke occurred the most frequently (n = 2890, 8.3%) in the 25 to 64
year old age group. The vast majority (n = 24,531, 70.5%) of HRIs required the patient to be treated and
transported (Table 5).

Table 4. Provider impression by age group.

Age Group Heat Stroke Heat Syncope Heat Cramps Heat Exhaustion Other

n % n % n % n % n %

<13 530 1.5 14 0.0 16 0.1 1590 4.6 84 0.2
13 to 18 301 0.9 19 0.1 13 0.0 2186 6.3 47 0.1
19 to 24 425 1.2 31 0.1 37 0.1 2455 7.1 53 0.2
25 to 64 2890 8.3 109 0.3 186 0.5 14,987 43.0 317 0.9

>64 1809 5.2 125 0.4 52 0.2 6383 18.3 155 0.4

Total 5955 17.1 298 0.9 304 0.9 27,601 79.3 656 1.9

Table 5. Incident disposition frequencies.

Frequency (n) Percent (%)

Assist 245 0.7
Canceled 75 0.2

Patient Dead at Scene 5 0.0
No Transport * 4244 12.2

Patient Treated, Released 5598 16.1
Patient Treated, Transported 24,539 70.5

Patient Treated, Transported by Private Vehicle 108 0.3

Total 34,814 100.0

* No transport: patient was evaluated but no further treatment needed or refused care.
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4. Discussion

4.1. Patient Demographics

The purpose of our study was to describe EMS activations for HRI using the NEMSIS. The most
common clinical scenario for HRI based on our results is a white male between the age of 24 and
65. The mean age for the HRI patient was 46. This was unanticipated as most HRI research has
identified young children and the elderly in classic heat stroke cases and high school or college athletes
in exertional heat stroke cases [10,17,18,25]. Our study brings to light a new age group (25–64) that may
be at risk for HRI. This age group may be at risk for HRI for a variety of reasons including: physical
activity engagement, occupational exposure, increased body mass index, and comorbidities [10,11]. It
could be that health care entities may need to develop public education regarding heat illnesses for this
age group. Occupational health surveillance can also help identify possible HRI prevention strategies
in this age group [26]. It is valuable to point out that no age group was immune from HRI. The over
5500 cases between the 13- to 24-year-old age group emphasizes a need to examine exertional heat
illness related to sport and physical activity in an effort to reduce risk in middle school to high school
students [17,18]. Young children, such as those in the <13 year old age group, with HRI have the highest
adjusted odds ratio of death in the ED compared to other age groups [6]. “Natural/environment”
heat-related deaths have been in the top 10 causes of unintentional injury fatalities in children since
2010 [14]. The dataset does not provide a detailed explanation of settings which may provide more
insight into HRI prevalence in different age groups.

Heat related illnesses are considered multifactorial by experts, nonetheless correlates that
are associated with hospitalization and fatalities have been identified in adult and pediatric
populations [3–7,15,19,20,27–30]. Our data reported that HRI happened most often in white people.
Research regarding race and HRI is inconclusive [30]. Various research has reported higher incidence
of HRI in black people. Genetic differences in heat tolerance have not been demonstrated in previous
research. Author opinion suggested racial differences are probably attributed to socioeconomic status,
physical health, urbanicity, and occupational exposure more so than physiological differences [30]. Our
additional variables of interest do not provide insight as to why white people constituted the majority
of cases in the dataset.

Males compose the majority of ED and EMS encounters [31–33], so it was no surprise they were
the majority of HRI patients. A meta-analysis of HRI incidence reported males have higher rates than
females across deaths, hospital admission, lifespan, and severity. Yet, the authors could not develop a
conclusion on consistent risk factors to explain why [34]. Our dataset does not provide information
regarding events leading up to the HRI event, which could help future research understand why males
have a higher prevalence of HRI. Particularly, information on the occupation of those with HRI in the
adult population may shed light on the effects of occupational health in heat waves [35]. Females
still constituted 37.3% of HRI in our study. Research from the military has shown females have an
increased adjusted odds of heat illness [36] but this could be exclusive to exertional heat illnesses,
whereas our study was more inclusive of all types of HRI.

4.2. US Census Division and Urbanicity

Most HRIs occurred in the South Atlantic and other census divisions within the lower half of
the contingent US. This aligns with research examining exertional heat illnesses that have noted that
southern states and regions experience greater HRI incidence [5,17,37]. These divisions experience
greater environmental temperatures, in which numerous studies have indicated that 27.7 ◦C is a critical
threshold at which the incidence of HRI increases [7,38–41]. This threshold is commonly reached in the
south, not just in summer but the spring and fall as well. However, both ED research and case series
have reported that HRI occurs in every division within the United States [5,14,25,37].

Urban areas reported the most HRIs in which EMS was activated [30]. A broad body of research
has documented higher air temperatures within urban compared with rural areas (i.e., the “urban
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heat island effect”) [42]. This difference in temperature is associated with multiple factors, including
urban geometry, the thermal properties of building materials, lack of vegetation, and heat released
from human activities [42]. We should acknowledge that these results could also be a factor of those
EMS agencies that participate in the NEMSIS. Previous descriptions of this database indicate most
(53%) agencies reside in an urban area [43]. Lastly, urban areas are more populated than rural locales.
High HRI frequency in urban areas is most likely a result of more people living in those spaces.

4.3. Dispatch Date and Time

Summer months comprised the greatest amount of HRI EMS activations. This has been introduced
and confirmed in previous HRI research within ED and sport settings [5–9,17]. The summer months
coincide with individuals being outdoors with traditional recreation activities and hotter temperatures
throughout the contingent US. The day within the month did not seem to impact the frequency of EMS
activations for HRI. On the other hand, time of day did seem to influence frequency of HRI. Most EMS
activations occurred between 11:00 a.m. and 6:59 p.m. This can be explained by not only the ambient
air temperatures significantly contributing to convective heat gain but also the sun contributing to
short and long wave solar radiation heat gain [44]. The sun is highest in the sky during this time frame
as the average time of sunset in the summer is between 7 and 9 p.m. EMS should be prepared for HRI
during the summer months, particularly from 11 a.m. to 7 p.m.

4.4. Census Division Temperature Patterns

The seasonal pattern of heat-related illness with a peak in the summer is consistent with the
hottest period of time in the US. Indeed, this is supported by previous ED HRI research that has noted
a threshold of 27.7 ◦C, which was reached, on average, in six of the nine divisions in the summer and is
close to the average maximum temperature in a seventh region (27.1 ◦C). Compared to the long-term
mean, regional maximum summer temperatures during the study time frame would be considered
near-normal for all divisions but the Mountain and Pacific. This is relevant because past research
indicates that the absolute temperature reached is not necessarily the key risk factor in heat stroke.
Rather, in milder climates, such as in northern divisions of the US, it is hotter than normal temperatures
that are a detrimental risk factor in fatal heat stroke cases [37]. We observed geographic variability in
HRIs, yet the hottest three divisions accounted for 50% of the HRIs. Future research should encourage
EDs to record the environmental conditions in the patient history. Ultimately, our data support that as
temperatures get warmer in the summer, HRI frequency increases in each division. With forecasts of
hotter conditions and more frequent heat waves, EMS units should be prepared for increased HRIs.

4.5. Provider Impression and Patient Disposition

Heat exhaustion was the preponderance of provider impressions. Heat exhaustion is generally
defined as the inability to continue activity in the heat because of cardiovascular insufficiency [2–4].
Since hypohydration is considered the primary etiology of heat exhaustion, EMS agencies should be
prepared, particularly in the summer months, with oral or intravenous fluids for treatment.

Heat stroke also had a clinically meaningful frequency of HRI cases. Heat stroke, both exertional
and classic, can result in significant morbidity or mortality [10,11]. Since the two types of heat
stroke occur in different populations and have different etiologies, differentiation in future research
is important. Additionally, it is imperative for EMS responders to understand both types for faster
recognition. In a retrospective cohort study of heat stroke patients, 69% of cases were not correctly
diagnosed in the prehospital setting [45]. Patients who had treatment delays because of misdiagnosis
had higher rates of multi-organ failure and longer hospitalizations [45]. Our proportion of heat stroke
cases and previous misdiagnosis research underline the importance of the EMS provider’s evaluation.

A small percentage of HRI cases in our data set were categorized as “other”. The ICD-10-CM
codes within this category are relatively ambiguous. In the ED, 15% to 66% of HRI cases are not given
a specific diagnosis [6,8,9,46]. A thorough evaluation (i.e., history, core body temperature) can typically



Medicina 2020, 56, 543 9 of 11

produce a diagnosis within the most common HRI types. A more definitive diagnosis can benefit EMS
providers in order to determine targeted transport management [47].

To our knowledge, we are the first to provide HRI type by age group in which children are involved
in the dataset. This is important as the majority of HRI research is focused on adolescent and adult
populations. Very few have examined pediatric HRI, and those who have, report patient outcomes in
aggregate with adults [6,8,9]. Children (<18 years old) in our dataset experienced each type of HRI,
with heat exhaustion and heat stroke composing the majority of HRI in this age group. Even though
children have efficient thermoregulatory systems [48], they may lack the decision-making ability or
physical ability to remove themselves from situations in which an HRI may occur. More research and
public awareness is needed to advocate for this population when environmental conditions rise.

Almost 2/3 of HRIs were treated and transported by EMS. This speaks to the seriousness of HRI
and possible consequences if EMS transport is delayed [10,25]. The need for prehospital health care
providers to appropriately recognize HRI, implement treatment quickly, and transport patients to the
nearest hospital facility is vital to reduce mortality and morbidity rates [47].

5. Conclusions

Heat-related illness affected thousands of individuals each year of the study. All age groups
experienced HRI but particularly those 25 to 64 years old. Targeted education to increase public
awareness of HRI beyond those traditionally considered vulnerable (children, elderly) may be
warranted. Region temperature and urbanicity most likely explain why certain divisions of the US
have higher HRI frequency. Yet, all divisions of the US experienced HRI. June through August and
11:00 a.m.–6:59 p.m. are when EMS agencies should be prepared for HRI activations. Heat exhaustion
composed the majority of HRI and can adequately be addressed by EMS units with oral or intravenous
fluids. Heat stroke, which is deadly, composed the next biggest proportion of HRI cases. All age
groups experienced heat stroke. The vast majority of HRIs required treatment and transport, which
speaks to the serious nature of HRI. It also may mean those EMS units in high HRI frequency US
divisions may need to carry additional treatment interventions for HRI types.

Author Contributions: Conceptualization, S.Y. and R.H.; Data curation, R.H. and A.G.; Formal analysis, S.Y., R.H.
and A.G.; Methodology, R.H. and A.G.; Supervision, S.Y.; Visualization, S.Y.; Writing—original draft, S.Y., R.H. and
A.G.; Writing—review and editing, S.Y., R.H. and A.G. National Highway Traffic Safety Administration (NHTSA),
National Emergency Medical Services Information System (NEMSIS). The content reproduced from the NEMSIS
Database remains the property of the National Highway Traffic Safety Administration (NHTSA). The National
Highway Traffic Safety Administration is not responsible for any claims arising from works based on the original
Data, Text, Tables, or Figures. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Chirico, F. Comments on “Climate Change and Public Health: A Small Frame Obscures the Picture”. New
Solut. J. Environ. Occup. Health Policy 2018, 28, 5–7. [CrossRef] [PubMed]

2. Armstrong, L.E. Exertional Heat Illnesses; Human Kinetics: Champaign, IL, USA, 2003.
3. Armstrong, L.E.; Casa, D.J.; Millard-Stafford, M.; Moran, D.S.; Pyne, S.W.; Roberts, W.O. American College of

Sports Medicine position stand. Exertional heat illness during training and competition. Med. Sci. Sports
Exerc. 2007, 39, 556–572. [CrossRef] [PubMed]

4. Casa, D.J.; DeMartini, J.K.; Bergeron, M.F.; Csillan, D.; Eichner, E.R.; Lopez, R.M.; Ferrara, M.S.; Miller, K.C.;
O’Connor, F.; Sawka, M.N.; et al. National Athletic Trainers’ Association position statement: Exertional heat
illnesses. J. Athl. Train. 2015, 50, 986–1000. [CrossRef]

5. Fechter-Leggett, E.D.; Vaidyanathan, A.; Choudhary, E. Heat Stress Illness Emergency Department Visits
in National Environmental Public Health Tracking States, 2005–2010. J. Community Health 2016 41, 57–69.
[CrossRef]

http://dx.doi.org/10.1177/1048291117752463
http://www.ncbi.nlm.nih.gov/pubmed/29310508
http://dx.doi.org/10.1249/MSS.0b013e31802fa199
http://www.ncbi.nlm.nih.gov/pubmed/17473783
http://dx.doi.org/10.4085/1062-6050-50.9.07
http://dx.doi.org/10.1007/s10900-015-0064-7


Medicina 2020, 56, 543 10 of 11

6. Hess, J.J.; Saha, S.; Luber, G. Summertime Acute Heat Illness in U.S. Emergency Departments from 2006
through 2010: Analysis of a Nationally Representative Sample. Environ. Health Perspect. 2014, 122, 1209–1215.
[CrossRef]

7. Lippmann, S.J.; Fuhrmann, C.M.; Waller, A.E.; Richardson, D.B. Ambient temperature and emergency
department visits for heat-related illness in North Carolina, 2007–2008. Environ. Res. 2013, 124, 35–42.
[CrossRef] [PubMed]

8. Nelson, N.G.; Collins, C.L.; Comstock, R.D.; McKenzie, L.B. Exertional Heat-Related Injuries Treated in
Emergency Departments in the U.S., 1997–2006. Am. J. Prev. Med. 2011, 40, 54–60. [CrossRef]

9. Pillai, S.K.; Noe, R.S.; Murphy, M.W.; Vaidyanathan, A.; Young, R.; Kieszak, S.; Freymann, G.; Smith, W.;
Drenzek, C.; Lewis, L.; et al. Heat Illness: Predictors of Hospital Admissions Among Emergency Department
Visits—Georgia, 2002–2008. J. Community Health 2013, 39, 90–98. [CrossRef]

10. Epstein, Y.; Yanovich, R. Heatstroke. N. Engl. J. Med. 2019, 380, 2449–2459. [CrossRef]
11. Gaffin, S.; Hubbard, R. Pathophysiology of heatstroke. Med. Asp. Harsh Environ. 2001, 1, 161–208.
12. Walter, E.J.; Carraretto, M. The neurological and cognitive consequences of hyperthermia. Crit. Care 2016, 20,

199. [CrossRef] [PubMed]
13. Vicario, S.J.; Okabajue, R.; Haltom, T. Rapid cooling in classic heatstroke: Effect on mortality rates. Am. J.

Emerg. Med. 1986, 4, 394–398. [CrossRef]
14. Centers for Disease Control. Heat-Related Deaths—United States, 1999–2003. In MMWR: Morbidity and

Mortality Weekly Report; Centers for Disease Control: Atlanta, GA, USA, 2006; Volume 55, pp. 796–798.
15. Santelli, J.; Sullivan, J.M.; Czarnik, A.; Bedolla, J. Heat illness in the emergency department: Keeping your

cool. Emerg. Med. Pract. 2014, 16, 1–22. [PubMed]
16. Armed Forces Health. Update: Heat Illness, Active Component, U.S. Armed Forces, 2018. MSMR 2018, 25, 6.
17. Kerr, Z.Y.; Yeargin, S.W.; Hosokawa, Y.; Hirschhorn, R.M.; Pierpoint, L.A.; Casa, D.J. The Epidemiology and

Management of Exertional Heat Illnesses in High School Sports during the 2012/2013–2016/2017 Academic
Years. J. Sport Rehabil. 2020, 29, 332–338. [CrossRef]

18. Yeargin, S.W.; Dompier, T.P.; Casa, D.J.; Hirschhorn, R.M.; Kerr, Z.Y. Epidemiology of exertional heat illnesses
in National Collegiate Athletic Association athletes during the 2009–2010 through 2014–2015 academic years.
J. Athl. Train. 2019, 54, 55–63. [CrossRef]

19. Argaud, L.; Ferry, T.; Le, Q.-H.; Marfisi, A.; Ciorba, D.; Achache, P.; Ducluzeau, R.; Robert, D. Short- and
Long-term Outcomes of Heatstroke Following the 2003 Heat Wave in Lyon, France. Arch. Intern. Med. 2007,
167, 2177–2183. [CrossRef]

20. Ilan, Y.; Hadad, E.; Heled, Y.; Moran, D.S.; Epstein, Y. Fatal Exertional Heat Stroke: A Case Series. Am. J. Med.
Sci. 2004, 328, 84–87. [CrossRef]

21. National Emergency Medical Services Information System Technical Assistance Center. National EMS
Database NEMSIS Public Release Research Data Set V.3.4.0. 2018 User Manual; NEMSIS Technical Assistance
Center: Salt Lake City, UT, USA, 2019.

22. U.S. Census Bureau. Census Regions and Divisions of the United States; U.S. Census Bureau: Suitland, MD,
USA, 2010.

23. United States Department of Agriculture. Urban Influence Codes; Cromartie, J., Ed.; United States Department
of Agriculture: Washington, DC, USA, 2013.

24. Vose, R.S.; Applequist, S.; Squires, M.; Durre, I.; Menne, M.J.; Williams, C.N.; Fenimore, C.; Gleason, K.;
Arndt, D. Improved Historical Temperature and Precipitation Time Series for U.S. Climate Divisions. J. Appl.
Meteorol. Clim. 2014, 53, 1232–1251. [CrossRef]

25. McLaren, C.; Null, J.; Quinn, J. Heat Stress from Enclosed Vehicles: Moderate Ambient Temperatures Cause
Significant Temperature Rise in Enclosed Vehicles. Pediatrics 2005, 116, e109–e112. [CrossRef]

26. Chirico, F.; Magnavita, N. The significant role of health surveillance in the occupational heat stress assessment.
Int. J. Biometeorol. 2018, 63, 193–194. [CrossRef] [PubMed]

27. Dunn, R.J.; Kim, T.Y. Pediatric heat-related illness: Recommendations for prevention and management.
Pediatr. Emerg. Med. Pract. 2017, 14, 1–20. [PubMed]

28. Morano, L.H.; Watkins, S.; Kintziger, K. A Comprehensive Evaluation of the Burden of Heat-Related Illness
and Death within the Florida Population. Int. J. Environ. Res. Public Health 2016, 13, 551. [CrossRef]

http://dx.doi.org/10.1289/ehp.1306796
http://dx.doi.org/10.1016/j.envres.2013.03.009
http://www.ncbi.nlm.nih.gov/pubmed/23643292
http://dx.doi.org/10.1016/j.amepre.2010.09.031
http://dx.doi.org/10.1007/s10900-013-9743-4
http://dx.doi.org/10.1056/NEJMra1810762
http://dx.doi.org/10.1186/s13054-016-1376-4
http://www.ncbi.nlm.nih.gov/pubmed/27411704
http://dx.doi.org/10.1016/0735-6757(86)90185-3
http://www.ncbi.nlm.nih.gov/pubmed/25422847
http://dx.doi.org/10.1123/jsr.2018-0364
http://dx.doi.org/10.4085/1062-6050-504-17
http://dx.doi.org/10.1001/archinte.167.20.ioi70147
http://dx.doi.org/10.1097/00000441-200408000-00003
http://dx.doi.org/10.1175/JAMC-D-13-0248.1
http://dx.doi.org/10.1542/peds.2004-2368
http://dx.doi.org/10.1007/s00484-018-1651-y
http://www.ncbi.nlm.nih.gov/pubmed/30519957
http://www.ncbi.nlm.nih.gov/pubmed/28742305
http://dx.doi.org/10.3390/ijerph13060551


Medicina 2020, 56, 543 11 of 11

29. Carter, R.; Cheuvront, S.N.; Williams, J.O.; Kolka, M.A.; Stephenson, L.A.; Sawka, M.N.; Amoroso, P.J.
Epidemiology of Hospitalizations and Deaths from Heat Illness in Soldiers. Med. Sci. Sports Exerc. 2005, 37,
1338–1344. [CrossRef] [PubMed]

30. Gronlund, C.J. Racial and Socioeconomic Disparities in Heat-Related Health Effects and Their Mechanisms:
A Review. Curr. Epidemiol. Rep. 2014, 1, 165–173. [CrossRef]

31. Nalliah, R.P.; Anderson, I.M.; Lee, M.K.; Rampa, S.; Allareddy, V.; Allareddy, V. Epidemiology of
Hospital-Based Emergency Department Visits Due to Sports Injuries. Pediatr. Emerg. Care 2014, 30,
511–515. [CrossRef] [PubMed]

32. Padegimas, E.M.; Stepan, J.G.; Stoker, G.E.; Polites, G.M.; Brophy, R.H. Epidemiology and Severity of Sports
and Recreation Injuries Presenting to a Tertiary Adult Emergency Department. Physician Sportsmed. 2016, 44,
263–268. [CrossRef] [PubMed]

33. Joyce, S.M.; Brown, D.E.; Nelson, E.A. Epidemiology of Pediatric EMS Practice: A Multistate Analysis.
Prehosp. Disaster Med. 1996, 11, 180–187. [CrossRef] [PubMed]

34. Gifford, R.M.; Todisco, T.; Stacey, M.; Fujisawa, T.; Allerhand, M.; Woods, D.; Reynolds, R.M. Risk of heat
illness in men and women: A systematic review and meta-analysis. Environ. Res. 2019, 171, 24–35. [CrossRef]

35. Chirico, F. Implications of climate change for thermal risk assessment in indoor workplaces. Environ. Dis.
2017, 2, 103. [CrossRef]

36. Nelson, D.A.; Deuster, P.A.; O’Connor, F.G.; Kurina, L.M. Timing and Predictors of Mild and Severe Heat
Illness among New Military Enlistees. Med. Sci. Sports Exerc. 2018, 50, 1603–1612. [CrossRef]

37. Grundstein, A.J.; Hosokawa, Y.; Casa, D.J. Fatal Exertional Heat Stroke and American Football Players: The
Need for Regional Heat-Safety Guidelines. J. Athl. Train. 2018, 53, 43–50. [CrossRef] [PubMed]

38. Grundstein, A.J.; Duzinski, S.; Null, J. Impact of dangerous microclimate conditions within an enclosed
vehicle on pediatric thermoregulation. Theor. Appl. Clim. 2015, 127, 103–110. [CrossRef]

39. Grundstein, A.J.; Duzinski, S.V.; Dolinak, D.; Null, J.; Iyer, S.S. Evaluating infant core temperature response
in a hot car using a heat balance model. Forensic Sci. Med. Pathol. 2014, 11, 13–19. [CrossRef]

40. Kark, J.A.; Burr, P.Q.; Wenger, C.B.; Gastaldo, E.; Gardner, J.W. Exertional heat illness in Marine Corps recruit
training. Aviat. Space Environ. Med. 1996, 67, 354–360.

41. Sugg, M.M.; Konrad, C.E.; Fuhrmann, C.M. Relationships between maximum temperature and heat-related
illness across North Carolina, USA. Int. J. Biometeorol. 2015, 60, 663–675. [CrossRef]

42. Yow, D.M. Urban Heat Islands: Observations, Impacts, and Adaptation. Geogr. Compass 2007, 1, 1227–1251.
[CrossRef]

43. Mann, N.C.; Kane, L.; Dai, M.; Jacobson, K. Description of the 2012 NEMSIS Public-Release Research Dataset.
Prehosp. Emerg. Care 2015, 19, 232–240. [CrossRef] [PubMed]

44. Grundstein, A.; Elguindi, N.; Cooper, E.; Ferrara, M. Exceedance of wet bulb globe temperature safety
thresholds in sports under a warming climate. Clim. Res. 2013, 58, 183–191. [CrossRef]

45. Zeller, L.; Novack, V.; Barski, L.; Jotkowitz, A.; Almog, Y. Exertional heatstroke: Clinical characteristics,
diagnostic and therapeutic considerations. Eur. J. Intern. Med. 2011, 22, 296–299. [CrossRef] [PubMed]

46. Morano, L.H.; Watkins, S. Evaluation of Diagnostic Codes in Morbidity and Mortality Data Sources for
Heat-Related Illness Surveillance. Public Health Rep. 2017, 132, 326–335. [CrossRef] [PubMed]

47. Pryor, R.R.; Roth, R.N.; Suyama, J.; Hostler, D. Exertional Heat Illness: Emerging Concepts and Advances in
Prehospital Care. Prehosp. Disaster Med. 2015, 30, 297–305. [CrossRef] [PubMed]

48. Rowland, T. Thermoregulation during exercise in the heat in children: Old concepts revisited. J. Appl. Physiol.
2008, 105, 718–724. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1249/01.mss.0000174895.19639.ed
http://www.ncbi.nlm.nih.gov/pubmed/16118581
http://dx.doi.org/10.1007/s40471-014-0014-4
http://dx.doi.org/10.1097/PEC.0000000000000180
http://www.ncbi.nlm.nih.gov/pubmed/25062295
http://dx.doi.org/10.1080/00913847.2016.1171683
http://www.ncbi.nlm.nih.gov/pubmed/27014859
http://dx.doi.org/10.1017/S1049023X00042928
http://www.ncbi.nlm.nih.gov/pubmed/10163380
http://dx.doi.org/10.1016/j.envres.2018.10.020
http://dx.doi.org/10.4103/ed.ed_21_17
http://dx.doi.org/10.1249/MSS.0000000000001623
http://dx.doi.org/10.4085/1062-6050-445-16
http://www.ncbi.nlm.nih.gov/pubmed/29332471
http://dx.doi.org/10.1007/s00704-015-1636-2
http://dx.doi.org/10.1007/s12024-014-9619-7
http://dx.doi.org/10.1007/s00484-015-1060-4
http://dx.doi.org/10.1111/j.1749-8198.2007.00063.x
http://dx.doi.org/10.3109/10903127.2014.959219
http://www.ncbi.nlm.nih.gov/pubmed/25290075
http://dx.doi.org/10.3354/cr01199
http://dx.doi.org/10.1016/j.ejim.2010.12.013
http://www.ncbi.nlm.nih.gov/pubmed/21570651
http://dx.doi.org/10.1177/0033354917699826
http://www.ncbi.nlm.nih.gov/pubmed/28379784
http://dx.doi.org/10.1017/S1049023X15004628
http://www.ncbi.nlm.nih.gov/pubmed/25860637
http://dx.doi.org/10.1152/japplphysiol.01196.2007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Study Procedures 
	Variables of Interest 
	Census Region Temperature Patterns 
	Statistical Analysis 

	Results 
	Patient Demographics 
	US Census Division and Urbanicity 
	Dispatch Date and Time 
	Census Division Temperature Patterns 
	Provider Impression and Incident Disposition 

	Discussion 
	Patient Demographics 
	US Census Division and Urbanicity 
	Dispatch Date and Time 
	Census Division Temperature Patterns 
	Provider Impression and Patient Disposition 

	Conclusions 
	References

