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Abstract

Purpose: This study examines risk factors for heat-related mortality due to hyperthermia in
emergency department patients, a vulnerable population.

Methods: This matched case-control study used statewide, longitudinally linked emergency
department (ED) data and death records from California. Cases comprised California residents
(=18 years) who presented to a state-licensed ED and died of hyperthermia during the study
period (2009-2012). For each case, up to five ED patients were randomly selected as live
controls and matched on sex and age. Patients’ demographic characteristics and history of ED
utilization for alcohol use, drug use, psychiatric disorders, heart-related conditions, chronic
respiratory disease, neurodegenerative disorders, and cerebrovascular disease were assessed in
relationship to hyperthermia mortality.

Results: Using multivariate conditional logistic regression models, hyperthermia mortality cases
had higher odds of prior ED utilization for alcohol use (OR=11.16, 95% CI=3.87, 32.17)
compared to controls. Cases were also more likely than controls to have Medicare insurance
(OR=5.80, 95% CI=1.70, 15.15) or self-pay (OR=5.39, 95% CI=1.73, 16.79), at their most
recent ED visit.

Conclusions: ED patients presenting with alcohol problems may face increased risk of
hyperthermia mortality. To help reduce heat-related mortality, EDs should consider interventions

that target patients vulnerable to heat exposure.
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Heat-related mortality, although highly preventable, is expected to become an
increasingly pressing public health threat due to climate change. Since the late nineteenth
century, the earth’s surface temperature has experienced an average increase of roughly 1.62°F
(0.9°C)." Climate projections suggest the U.S. will experience substantial increases in summer
temperatures and extreme heat waves in the years to come.** This will be compounded by
increases in the likelihood of power outages, resulting from overloaded electrical grids, that
disable air conditioners and other sources of cooling*. Expanding our understanding of risk
factors for heat-related mortality is necessary to support important public health prevention

efforts as the climate warms.

Structurally vulnerable populations may be at particularly high risk for heat-related
mortality as temperatures increase.’ During periods of extreme heat, contextual factors such as
social isolation, insufficient access to medical care, residence in an urban area with limited
greenspace, and lack of climate-controlled housing may increase individuals’ vulnerability to
heat-related mortality.® In the U.S., these risk factors are more likely to be concentrated among
people of minoritized race/ethnicity and those with low income.’ Chronic diseases such as
kidney disease, diabetes, and cardiovascular disease are also associated with heat-related

mortality, and may be more prevalent among racial/ethnic minority groups.’

Outcome measures for heat-related mortality vary. Prolonged heat exposure typically
increases risk of heat-related mortality through multisystem organ dysfunction or by worsening
preexisting medical conditions (including cardiovascular disease, nervous system disorders,
respiratory diseases, kidney diseases, and psychiatric and substance use disorders).” Therefore,

most prior studies have measured heat-related mortality as all-cause mortality or cause-specific



mortality that occurs in conjunction with high temperatures or heatwaves.*!*'* The underlying
physiological cause of heat-related mortality, however, is hyperthermia injury, a condition
characterized by thermoregulatory dysfunction and an abnormal increase in core body
temperature (>40 °C).”"> Hyperthermia mortality has been under-utilized as a measure of heat-
related mortality because hyperthermia deaths are underreported and misclassified as deaths due
to other conditions."? However, hyperthermia mortality can occur during non-heatwave periods
and may occur more frequently as climate change persists, and is increasingly considered the

appropriate operational definition of heat-related mortality.'®

Prior clinical evidence suggests risk factors for hyperthermia morbidity include age,
preexisting health conditions and/or adverse health behaviors. As a consequence of aging,
physiologic heat-adaptation and thermoregulation declines, increasing risk of hyperthermia
injury.*'> Health conditions that induce fevers, inhibit sweat production, or reduce adaptability to
heat-related stress (e.g., infections, psychological disorders, cardiovascular disorders, skin
disorders) may predispose individuals to overheating.*’ Cognitive processing and behavioral
responses to heat discomfort, such as increasing fluid intake, wearing appropriate clothing, or
seeking heat-alleviating resources, can be impaired by various psychiatric and neurological
disorders.® Illicit drugs, alcohol, and various medications (e.g., antipsychotics, antidepressants,
anticholinergic agents, tranquilizers) may also increase risk of hyperthermia injury by
suppressing thermoregulation and inducing dehydration.'>"-%

The current case-control study examines a range of clinical risk factors (alcohol

problems, drug use, psychiatric disorders, heart-related conditions, chronic respiratory/lung

disease, neurodegenerative disorders, and cerebrovascular disease) for hyperthermia-related



mortality among emergency department (ED) patients in California. We focus on ED patients
because EDs serve a wide range of the general U.S. population, yet medically and socially
vulnerable individuals (such as those in historically underserved populations and those with
Medicaid or no insurance) are more likely than their less-vulnerable counterparts to utilize
emergency departments (EDs) at high rates.*** Thus, EDs may be well-positioned to target

potentially high-risk patients for interventions, which could help reduce heat-related mortality.

Methods
Data

We obtained ED visits data from the California Office of Statewide Health Planning and
Development (OSHPD) for the period January 1, 2009, through December 31, 2012. OSHPD
provided de-identified information on all residents who presented to a California-licensed
hospital facility during the study period. We obtained de-identified death record data containing
the date and underlying cause-of-death from the California Department of Public Health Vital
Records office. Death records were linked to patient hospital records by patient’s social security
number, sex, date of birth, race/ethnicity, and zip code of residence. This study was approved by
the Institutional Review Boards of the California Health and Human Services Agency and the

University of California, Merced.

Study Design and Case-Control Definitions

The current study uses a matched case-control study design of ED patients who
presented to a California-licensed ED between January 1, 2009 and December 31, 2012. Cases

included all decedents aged > 18 years who made at least one ED visit and died during the study



period from hyperthermia (exposure to excessive natural heat, defined by the underlying cause-
of-death International Classification of Diseases, Tenth Revision (ICD-10) code X30).? For each
case, up to five living controls were randomly selected from the population of patients presenting
to the ED within one day of the case’s death, matched on sex and age (£ two years). A unique
patient identifier (encrypted SSN) was used to follow back cases and controls retrospectively
across any ED visit made prior to the index date. The index date was defined, for each case, as
the date of death. For each control, the index date was defined as the date of the ED visit that was
matched to his or her case’s date of death. Potential controls whose index visit culminated in

death were excluded from analysis.

Measures

To assess risk factors associated with hyperthermia-related deaths, patients’ diagnostic
histories as assessed at their prior ED visits were examined. The period of assessment included
ED visits that were made between January 1, 2009 (the earliest data available to us) and the
patients’ respective index dates. Health-related risk factors of interest included prior ED visits for
the following diagnoses: alcohol problems, drug use, psychiatric disorders, heart-related
conditions, chronic respiratory or lung disease, neurodegenerative disorders, and cerebrovascular
disease. All medical conditions and behaviors were defined according to the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes
shown in Supplemental Table 1. The conditions selected for this study were informed by
previous findings suggesting individuals with these conditions are particularly vulnerable to

6,10,12,13,15,

excessive heat exposure. 162022327 Some evidence suggests that having heatstroke, a form

of hyperthermia, in the past may increase risk for subsequent heat-related injuries.”® However,



none of the cases or controls in our study had a prior ED visit for heatstroke or any other
clinically diagnosed heat-related illness (e.g., heat edema, heat cramps, heat syncope, or heat
exhaustion). Additional risk factors of interest included patient race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, Asian/Pacific Islander, or other) and medical insurance

status (private, Medicaid, Medicare, or self-pay/other), both assessed at the index visit.

Statistical Analysis

First, we conducted conditional logistic regression models to estimate odds ratios (ORs)
and 95% confidence intervals (CI) for each diagnostic risk factor, additionally controlling for age
to address any residual age confounding (Model 1). ORs were used to estimate how odds of
having a history of ED utilization for alcohol problems, drug use, psychiatric disorders, heart-
related conditions, chronic respiratory/lung disease, neurodegenerative disorders or
cerebrovascular disease were associated with case vs. control status. We then performed a
partially adjusted multivariate analysis using conditional logistic regression, controlling for age,
patient race/ethnicity (ref non-Hispanic White) and insurance status (ref private insurance) as
potential confounders (Model 2). Lastly, we conducted a fully adjusted multivariate analysis,
which controlled for all visit history variables as well as the sociodemographic factors (Model
3). All analyses were performed using Stata 14.0 (StataCorp LP, College Station, TX) statistical

software.

Results
Demographic characteristics for cases and controls are shown in (Table 1). The matched

case-control analysis included 78 cases and 385 controls. The mean age for hyperthermia



mortality cases was 56 years (age range 22-93), and the mean age for controls was 55 years old
(age range 18-94). Males accounted for approximately three-quarters of cases and their matched
controls (cases: n=59, 76%; controls: n=270, 70%). The majority of both cases and controls were
non-Hispanic White patients (cases: n=46, 59%; controls n=217, 56%). Cases most frequently
received health insurance through Medicare (n=25, 32%) or Medicaid (n=15, 19%), while
controls most frequently had private health insurance (n=151, 39%). Of the 78 heat death cases,
20 individuals were admitted to the ED and died on the date of their admission to the ED. Most

heat deaths (95%) occurred during warm months (May-September).

High proportions of hyperthermia death cases had a history of ED visits for heart-related
conditions (37%), alcohol use (32%), and psychiatric disorders (31%) (Table 2). In model 1,
compared to controls, hyperthermia death cases had significantly higher odds of an ED
utilization history for alcohol problems compared to controls (OR=5.35, 95% CI=2.56, 11.17,
Table 3, model 1). Results from the model 1 analyses also show that cases were more likely than
controls to self-pay (OR=4.56, 95% CI=1.70, 12.19) or have Medicare (OR= 3.94, 95% CI=1.54,
10.15) or other/unknown insurance types (OR=5.08, 95% CI=1.67, 15.46) rather than private
health insurance When controlling for race/ethnicity and insurance status in the partially adjusted
multivariate analyses of each visit history variable (Table 3, model 2), hyperthermia death cases

were more likely to have a history of ED utilization for alcohol problems compared to controls.

After controlling for all visit history variables, race/ethnicity, and insurance status, prior
ED visits for alcohol problems remained significantly associated with odds of being a case
(OR=11.15, 95% CI=3.87, 32.17) (Table 3, model 3). No other visit history variables were

significantly associated with the likelihood of being a hyperthermia mortality case. In model 3,



the likelihood of cases using self-pay (OR=5.39, 95% CI=1.73, 16.79), Medicare (OR=5.80,
95% CI=1.70, 15.15) or other/unknown payment sources (OR=7.36, 95% CI=1.80, 29.95) at the
time of their index visit were statistically significantly higher compared to controls (Table 3).

Race/ethnicity was not associated with case/control status.

Discussion

Results from our study suggest that, among ED patients, prior ED utilization for alcohol-
related problems was associated with increased likelihood of heat-related mortality due
specifically to hyperthermia. Hyperthermia decedents were also more likely to have used public
insurance or to self-pay at their last observed ED visit when compared to controls. We did not
find any association between hyperthermia mortality and patient histories for drug use,
psychiatric disorders, heart-related conditions, chronic respiratory/lung disease,

neurodegenerative disorders, or cerebrovascular disease.

Our main study finding is consistent with other reports and studies suggesting that
persons with a history of alcohol problems may be particularly vulnerable to heat-related
mortality.'****** Alcohol may act as a poikilothermic drug, altering neurotransmitters or
hypothalamic regulation processes responsible for maintaining normal core body temperatures.*
By increasing perspiration, alcohol lowers body temperature; however, alcohol also increases
fluid loss and excessive dehydration, contributing to risk of hyperthermia.'** Vaidyanathan et
al.'®found that alcohol poisoning was a contributing cause to several heat-related deaths. In an
ethnographic study of the 1995 Chicago heat wave, neighbors reported decedents to be

alcoholics or heavy drinkers, factors that were not discussed in the initial case-control study.* To
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help reduce effects of extreme heat, behavioral health treatment facilities should consider

establishing heat safety plans for clients with alcohol problems during warm periods.?

While not statistically significant due to a small sample size, there was some indication
that ED visits for cerebrovascular disease, psychiatric disorders and neurodegenerative disorders
were associated with marginally higher odds of being a hyperthermia case mortality.
Cerebrovascular mortality or morbidity is known to be associated with heat mortality,
particularly among older adults.**** Cognitive or behavioral impairments from psychiatric or
neurodegenerative disorders can increase risk of hyperthermia by altering appropriate responses
to heat discomfort (e.g., staying hydrated, wearing appropriate clothing, and reducing strenuous
activities).® Antipsychotic medications are also associated with hyperthermia injury.?** If larger
studies with greater statistical power also observe this association, heat-related interventions for
high-risk patients (e.g., educating them on the importance of keeping cool during hot periods by
using an air conditioner if accessible, wearing appropriate clothing or retreating to cooler

environments) should be considered.?

Previous studies suggest individuals with cardiovascular disease are considered high risk
for heat-related mortality. '*'*** In our study, among ED patients, an ED utilization history for
cardiovascular disease was not significantly associated with hyperthermia mortality in any
model. A case-control study of heat-related mortality during heatwaves in Chicago found that
people who died of heart disease had more preexisting comorbidities than those who did not die
of heart disease.'* It is possible that we lacked statistical power to detect this association, but
cardiovascular diagnoses were the most common diagnoses at prior ED visits in our study
population.
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Our findings are consistent with research indicating that structurally vulnerable groups
are particularly susceptible to heat exposure. We found that using non-private health insurance
status at the index ED visit — an indicator of socioeconomic vulnerability — was associated with
substantially increased odds of hyperthermia death. Patients who use Medicaid, self-pay, or have
other/unknown insurance types may be more structurally vulnerable than patients with private
health insurance. Adaptive health behavior modifications to reduce risk of heat-related mortality
include using air conditioning, staying hydrated, wearing appropriate clothing, and reducing
strenuous activities during hot days, but these strategies may be less feasible for individuals
living in poverty, experiencing homelessness, or whose jobs entail outdoor activity, protective
clothing, and inadequate access to hydration (e.g., farmworkers).*> Although in this study
race/ethnicity (an indicator of structural vulnerability) was not associated with the likelihood of
dying from hyperthermia, heat-related intervention strategies should include tailored messages
that consider cultural and economic characteristics because minoritized racial/ethnic groups are

disproportionally affected by social challenges and heat exposure.*

Most studies in the U.S. have relied on other sources of information (e.g., autopsy
reports, family members, neighbors, or friends) to assess risk factors for heat-related mortality,
whereas our study utilized ED visit histories for various somatic and behavioral health
conditions. Additionally, heat-related mortality is often measured using various causes of death
during hot periods (or heatwaves). This is one of the first studies that measures risk factors heat-
related mortality as hyperthermia among emergency department patients. The findings from this
study indicate that persons with alcohol-related disorders may be predisposed to dying of

overheating.
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Limitations and Strengths

Our study has several limitations. Data for this study do not include deaths that occurred
outside of California. Controls consisted of ED patients, which may introduce Berkson’s bias.
The selected controls may be relatively unhealthy in comparison to the general population,
increasing the likelihood of being admitted to the ED for morbidities that are heat-related, given
that controls were matched to cases on the basis of time (i.e., presenting to the ED within one
day of the case’s death). The effect of using these ED patient controls would likely bias our
results towards the null, making our estimates more conservative.

Due to data availability, our analyses were restricted to 2009-2012 and may not
generalize to more recent years. There have been changes since the study period in ED utilization
rates” and ED clinical practice,*® and these shifts could influence the associations observed in
our study. Furthermore, the incidence of alcohol problems has increased substantially since our
study period, as has the frequency of heat waves and average daily temperatures.’”*® Despite
policy changes such as the Affordable Care Act, which increased opportunities for treatment
among those with behavioral health problems, the growing burdens of alcohol misuse and excess
heat may interact to result in higher population risk of heat-related deaths.

In addition, due to limitations of the administrative dataset, we were also unable to assess
additional measures known to increase risk of heat vulnerability, including access to air
conditioning, educational status in relation to heat exposure, and social isolation. Our use of
encrypted SSNs for longitudinally linking ED records to death records excludes immigrants
without legal status. The exclusion of immigrants without SSNs may contribute to a reduced
sample size of Latino and Asian subpopulations, and consequently affect our understanding of

heat mortality on these racial/ethnic groups. Our study was also limited by the lack of data on
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homelessness and other important social risk factors, which may confound the associations
between the observable clinical characteristics and study outcome.

ED diagnoses and death classifications are subject to misclassification and may result in
undercounting hyperthermia cases and risk factors. Our strict case definition enabled us to
examine deaths strictly arising from hyperthermia, but restricted our sample size, which limited
the statistical power of this study. Additionally, the death certificate data used for this study did
not include information on contributing factors to the underlying cause of death.

Despite these limitations, our study also has important strengths. Studies from other
countries and the U.S. have used ED visits or hospitalizations with mortality data to examine risk
factors for heat-related mortality, which is typically defined as all-cause mortality or cause-
specific mortality occurring solely during heat wave events. However, to our knowledge, our
study is the first study to use death records longitudinally linked to ED visits to examine risk
factors for ICD-10-defined hyperthermia mortality, regardless of environmental heat exposure.
With average U.S. temperatures rising due to climate change,' this represents an important
contribution to the literature. An important strength of this study includes the multiple years of
ED data available for examining risk factors for hyperthermia and the significant diversity in
California’s study population and climate zones. While most medical examiners accurately
diagnose heat-related mortality, the criteria used to determine heat-related mortality varies by
state and has led to the underreporting or misclassification of hyperthermia as the underlying
cause of death."” Thus, our study is one of few to assess risk factors for a relatively large sample

size of cases meeting the strict criteria for hyperthermia mortality.

Conclusion

14



Heat-related mortality is highly preventable, and EDs can help reduce heat-related
mortality by targeting high-risk patients for interventions. Those with a medical history of
alcohol-related problems should be considered high risk for heat-related mortality and may
benefit from heat-related prevention strategies. ED providers may want to provide verbal
warnings and resources to at-risk patients, explaining their elevated risk during summer months.
Additionally, EDs may want to coordinate with shelters and homeless services to assist those

socially and medically vulnerable to heat exposure.
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TABLES

Table 1. Demographic characteristics of hyperthermia case patients and matched controls

Cases (n=78) Matched Controls (n=385)
N(%)/mean(SD) N (%)/mean(SD)
Sex
Male 59 (76%) 270 (70%)
Female 19 (24%) 115 (29%)
Age (mean (SD)) 56.2 (18.4 55.3 (18.5)
Race/Ethnicity
Non-Hispanic White 46 (59%) 217 (56%)
Non-Hispanic Black 4 (5%) 40 (10%)
Hispanic 16 (21%) 92 (24%)
Asian or Pacific Islander 2 (6%) 23 (6%)
Other 6 (8%) 13 (3%)
Missing 4 (5%) 0 (0%)
Insurance Status
Self-Payer 13 (17%) 51 (13%)
Private 13 (17%) 151 (39%)
Medicare 25 (32%) 97 (25%)
Medicaid 15 (19%) 69 (18%)
Other/Unknown 7 (9%) 16 (4%)
Missing® 5 (6%) 1 (0%)

Table 2. Emergency department utilization among cases and controls prior to the index

visit.

Cases (n=78)

Controls (n=385)

ED visit history variables N (%) N (%)
Alcohol use disorder 25 (32) 35(9)
Drug use disorders 13 (17) 56 (15)
Psychiatric disorders 24 (31) 95 (25)
Cardiovascular conditions 29 (37) 116 (30)
Respiratory or lung disease 11 (14) 63 (17)
Neurodegenerative disorder 709) 26 (7)
Cerebrovascular disease 4 (5) 16 (4)
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Table 3. Crude ORs and adjusted odds ratios (ORs) of risk factors for heat-related mortality.

Risk factors Model 1* Model 2° Model 3¢
OR (95% CI) OR (95% CI) OR (95% CI)
Age 2.94 (1.99, 4.35)
Patient history of visit(s) with diagnosis
for specified condition
Alcohol use disorders 5.35 (2.56, 11.17) 9.23 (3.62, 23.50) 11.15 (3.87, 32.17)

Drug use disorders
Psychiatric disorder
Cardiovascular conditions
Respiratory or lung disease
Neurodegenerative disorder
Cerebrovascular disease
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Non-Hispanic Asian/Pacific Islander
Non-Hispanic other
Insurance Status

0.99 (0.46, 2.17)
1.20 (0.66, 2.17)
1.37 (0.76, 2.46)
0.82 (0.38, 1.78)
1.51 (0.57,4.01)
1.69 (0.51, 5.58)

1.00
0.48 (0.15, 1.53)
0.99 (0.50, 1.96)
0.36 (0.06, 2.01)
2.13 (0.70, 6.55)

1.25 (0.50, 3.09)
1.68 (0.85, 3.33)
1.56 (0.78, 3.11)
0.85 (0.36, 2.00)
2.02 (0.66, 6.19)
2.00 (0.57,7.07)

0.45 (0.14, 1.54)
1.35 (0.57, 3.19)
1.06 (0.45, 2.52)
0.74 (0.29, 1.87)
2.02 (0.63, 6.47)
2.22 (0.49, 9.99)

1.00
0.41 (0.10, 1.69)
1.04 (0.48, 2.27)
0.73 (0.13, 4.06)
3.36 (0.95, 11.94)

Private 1.00 1.00

Self-Payer 4.56 (1.70, 12.19) 5.39 (1.73,16.79)
Medicare 3.94 (1.54, 10.15) 5.08 (1.70, 15.15)
Medicaid 2.05(0.81,5.21) 1.67 (0.56, 5.04)
Other/Unknown 6.35 (1.92, 21.02) 7.36 (1.80, 29.95)

* Adjusted for age. "Adjusted for age, race/ethnicity and insurance status. “Adjusted for age, race/ethnicity, insurance status, and all other visit

history variables.
Abbreviations: OR, Odds ratio. 95% CI, 95% confidence interval.
Bold font indicates statistical significance (95% CI excludes the null).
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Supplemental Table 1. ICD-9 codes used to define the patient emergency department (ED) utilization history variables.

ED utilization history
variable

Corresponding ICD-9 codes

Alcohol use disorders

291, 303, 305.0, 357.5, 425.5, 535.3, 571.0, 571.1, 571.2, 571.3, 760.71, 790.3, V79.1, V11.3

Drug use disorders

292, 304, 305.2, 305.3, 305.4, 305.5, 305.7, 305.8, 305.9, 648.3, 655.5, 760.72, 760.73, 760.75, 779.5,
965, V65.42, 305.1

Psychiatric disorders

293.81, 293.82, 295, 297, 298, 293.83, 296, 300.4, 311, 293.84, 300.00, 300.10, 300.2, 300.3, 300.5,
300.89, 300.9, 308, 309.81, 312, 313.81, 314, 312.30, 312.31, 312.32, 312.33, 312.34, 312.35, 312.39,
293.89, 293.9, 294.9, 294.8, 301, 307.1, 307.5, 307.2, 333.3, 307.3, 307.4, 307.80, 307.89, 307.9, 309,
309.21, 316, E950.0-E95.9, V62.84, E850-E858, E860-E869, E980, E981, E982, V11.0, V11.1, V11.2,
V114, V1138, V11.9,V70.1, V79.0, 648.4, V40.2

Cardiovascular conditions

411,412,413, 414.0,414.01, 414.06, 414.2,414.3, 414.4, 414.8, 414.9, V45.81, V45.82, 415, 416, 417,
V12.55, 414.1, 429, 426, V45.0, V53.3, 427, 785.0, 785.1, 427.41, 427.42, 427.5, 394, 395, 396, 397,
424,785.2785.3, V42.2, V43.3,398.91, 428, 410, 402, 404, 420, 421, 422, 423, 424, 425, 427, 393,
398, 429

Respiratory or lung disease

490, 491, 492, 494, 496, 493, 162, 209.21, 231.2, V10.11, V10.29, 518.83, 518.84, 518.89, 495, 500,
501, 502, 503, 504, 505, 506, 507.1, 507.8, 508

Neurodegenerative disorder

290, 294.1, 294.2, 331.0, 331.1, 331.89, 331.2, 331.7, 331.82, 797, 331.89, 331.9

Cerebrovascular disease

433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 346.6, 430, 431, 432, 433.01, 433.11, 433.21, 433.31
433.81, 433.91, 434, 436, 437.0, 437.1, 437.3, 437.4, 437.5, 437.6, 437.7, 437.8, 437.9, 435, 438

22






