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Abstract Numerous medications and illicit drugs can pre-
dispose an individual to heat illness, primarily by altering
thermoregulation by either increasing endogenous heat pro-
duction or impairing heat dissipation. This study sought to
determine if use of such drugs was associated with more
severe illness in patients presenting with heatstroke. A case
control study was conducted on adult patients (age, ≥14 years)
admitted to an intensive care unit with an admitting diagnosis
of heatstroke at two academic teaching hospitals in Phoenix,
AZ, between 31 August 2005 through 31 July 2010. Subjects
were classified as “users” if they admitted to taking a drug on a
pre-defined list of drugs associated with abnormal thermal
homeostasis, or if a urine test for drugs of abuse revealed the
presence of an amphetamine or cocaine. Similarly, subjects
who did not take such drugs were considered “non-users.”
Seventy-eight patients were identified, with complete medi-
cation histories available for 74 of 78 subjects. The overall
prevalence of drug utilization was 41.9 % (31 of 74). The

median length of stay was 3.0 days for the non-users com-
pared with 9.0 days for “users.” There was no difference
between users and non-users with regard to mortality. Drugs
that impair thermoregulation are frequently encountered in
patients admitted for heatstroke. Patients taking such drugs
may experience increased morbidity over those patients not
taking such drugs.
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Introduction

The term heat illness comprises numerous clinical entities
which exist along a spectrum. Heat cramps are on the milder
end of the spectrum, with heat exhaustion existing in the
middle of the spectrum, and heatstroke comprising the most
serious form of heat-related illness [1]. Traditionally, heat-
stroke is defined as the presence of a core body temperature
greater than 40°C along with neurologic abnormalities (e.g.,
seizure, encephalopathy, etc.) [2]. Complications including
rhabdomyolysis, renal failure, hepatocellular injury, and
disseminated intravascular coagulation are common and
contribute to the high mortality associated with this condi-
tion [2, 3].

Numerous factors, including extremes of age, concurrent
cardiovascular disease or mental illness, poor level of physical
fitness, and performance of strenuous outdoor activities, have
been previously identified as potential risk factors for the
development of heat-related illness [4]. In addition, it has been
suggested that drugs that impair heat dissipation and those
which increase endogenous heat production may further pre-
dispose to heat-related illness [5–8]. However, the magnitude
of this association has not been previously investigated.
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Various medications with antimuscarinic properties, including
many of the neuroleptic agents, diphenhydramine, benztro-
pine, and others impair heat dissipation by preventing sweat-
ing. Other agents, such as cocaine or amphetamine, can
increase endogenous heat production. The primary purpose
of this study is to determine if patients using such drugs who
are admitted for heatstroke experience greater morbidity or
mortality compared with those patients not using such drugs.
A secondary purpose of the study is to determine the overall
prevalence of drug utilization among patients admitted with
heatstroke.

Methods

This study was a case–control study performed at two urban,
academic medical centers in Phoenix, AZ. Subjects who
were admitted to an intensive care unit between 31 August
2005 through 31 July 2010 were identified via a search of
ICD-9 diagnoses. The study received approval by the insti-
tutional review board at each of the participating sites.

Study Subjects The records of all patients with an admitting
diagnosis of “heatstroke and sunstroke” (ICD-9 code
992.0); “effects of heat and light” (ICD-9 code 992); “heat
exhaustion, anhydrotic” (ICD-9 code 992.3); “unspecified
heat” (ICD-9 code 992.9); and “other specified heat effects”
(ICD-9 992.8) were screened. Of these subjects, those who
had a heat-related illness other than heatstroke (e.g., heat
exhaustion, heat cramps, heat syncope, dehydration) were
excluded. Thus, the final study population was comprised of
adult patients (at least 14 years of age) with an admitting
diagnosis of heatstroke.

Subjects in whom bacteremia was present on initial
blood cultures were excluded. Patients who either did
not have blood cultures or who had initial negative
cultures and subsequently developed positive blood cul-
tures during their stay were included as bacteremia in
those cases was felt to likely be a complication, rather
than the initial cause, of the illness. In addition, if a
patient had multiple visits during the study period, only
the first hospitalization was included.

Patients were classified as “users” if their medication
history included a drug which was found on a list of med-
ications that would predispose to heat illness. This list,
which includes medications which increase heat production,
impairs heat dissipation, and diuretics were created a priori
(Table 1). In addition, patients who were known by history
or urine drug screen to have ingested cocaine or an amphet-
amine were also considered “users.” Subjects not known to be
consuming medications that impair heat dissipation (Table 1)
and with negative urine drug screens (if performed) were
classified as “non-users.”

Outcome Parameters The primary outcome parameter was
morbidity or mortality during the index hospitalization of
“users” compared to “non-users.” Increased length of stay
was used as a surrogate marker for increased morbidity. A
secondary outcome measure was to determine the overall
prevalence of drug utilization in this population.

Data Collection Data were abstracted onto a pre-designed
data abstraction form and subsequently entered into a
spreadsheet by one investigator at each study site. Before
performing data abstraction, each reviewer received a stan-
dardized training in systematic chart review. Ten percent of
the charts were randomly reviewed by a second investigator
to double check accuracy of abstraction. A kappa statistic
was performed to assess interrater reliability.

The data abstracted from the medical records included
demographic information (age and sex), laboratory studies
(initial and worst renal function, hepatic function including
prothrombin time, creatinine kinase, urine drug screen
results), and vital sign parameters. In addition, a medication
history was determined for each patient by review of the
physician and nursing documentation from both the emer-
gency department and in-patient records. The date of visit
was also recorded, and subsequently, the ambient tempera-
ture in downtown Phoenix was determined for the day of
admission based on review of the Old Farmer's Almanac.

Data Analysis Independent associations were assessed via
chi-squared test and Fisher exact test (as appropriate) for
categorical variables. Means and interquartile ranges were
used to assess ordinal data that were normally distributed.
As some of the data were not normally distributed based on
the chi-square goodness-of-fit test, nonparametric analysis
was performed via the Mann–Whitney U test. Odds ratios

Table 1 Drugs which may predispose to heat illness

All typical or atypical antipsychotics

All tricyclic antidepressants

Atropine

Benztropine

Cyclobenzaprine

Diphenhydramine

Hydrochlorothiazide

Furosemide

Metaclopramide

Methylphenidate

Oxybutynin

Prochlorperazine

Promethazine

Scopolamine

Spironolactone

Stimulants (amphetamine, amphetamine derivatives, cocaine)
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with 95 % confidence intervals were calculated to evaluate
associations between unique variables and length of stay.

The following variables were compared versus length
of stay and outcome: need for mechanical ventilation,
need for hemodialysis, use of cocaine, use of metham-
phetamine, use of pre-defined medications, use of any
xenobiotic (cocaine, amphetamine, or any pre-defined
medication), initial and lowest pH, platelets, hemoglo-
bin, and the initial and maximal lactic acid, creatinine
kinase, troponin, prothrombin time, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase, and
white blood cell count. To control the desired outcome
for multiple comparisons, binary logistic regression was
subsequently performed. All statistical analyses were
performed using STATA™ 2007 College Station, TX.

Results

During the study period, a total of 574 patients were iden-
tified, of which 78 patients met study inclusion criteria. The
mean (±standard deviation) age was 49.6 years (±19.2).
Nine (11 %) subjects were women. Nine (11 %) subjects
died, and an additional 15 of 78 (19 %) required rehabilita-
tion or skilled nursing care upon discharge.

The mean daily ambient temperature was 41.7°C (±8.02),
while the mean core body temperature was 40.8°C (±1.35).
There was no association between ambient outdoor temper-
ature and mortality or length of stay (r200.26, −0.1 to 0.56).

Medication histories were not available for 4 of 78 (5 %)
subjects. Of the 78 subjects, 43 (55 %) were classified as
“non-users,” while 31 (40 %) used at least one of the pre-
defined drugs and were classified as “users.” Thus, among
patients with known medication histories, the overall prev-
alence of recreational and pharmaceutical drug usage was
41.9 % (31 of 74). The median length of stay was 3.0 days
for non-users and 9.0 days for users (p00.005; 95 % CI 1–
3.5) and was not affected by advanced age (r00.94,
p00.41). Table 2 lists the aggregate number of agents iden-
tified among the users.

Urine drug screens were performed on 61 of 78 (78.2 %)
patients. Among those patients who had a urine drug screen
performed, the cocaine screen was positive in seven patients
while the amphetamine screen was positive in 12 patients,
including two who also had a positive cocaine screen. Thus,
17 of 61 (27.8 %) patients in whom a urine drug screen was
performed were positive for cocaine or amphetamines.
Among those patients whose urine drug screens were neg-
ative, 11 of 44 (25 %) were classified as “users” based on
medication histories. Of the 17 patients in whom no urine
drug screen was performed, 3 of 17 (17.6 %) were classified
as “users” based on the medication history. No patient who
had a negative urine drug screen had admitted to using

cocaine or amphetamines. The urine drug screens performed
included both immunoassay screens and comprehensive
urine drug screens (gas chromatography–mass spectrome-
try). Which screen was performed was a function of which
of the two hospitals the patient presented.

The data were subsequently analyzed using binary logis-
tic regression to correct for confounding variables. The
variables maximal temperature, maximal heart rate, maxi-
mal creatinine kinase, initial creatinine, initial white blood
count, need for mechanical ventilation, and use of amphet-
amines were associated with increased length of stay. These
significant variables were then controlled for multiple com-
parisons with logistic regression and Bonferroni correction
where indicated. Following control for multiple compari-
sons, only heart rate (OR 1.007, p00.007) and mechanical
ventilation (OR 1.31, p00.047) remained statistically sig-
nificant for predicting increase in length of stay. Users
required mechanical ventilation more frequently than non-
users (68 vs. 29 %, p00.0018). In addition, users experienced
many other complications compared to non-users, including
higher maximal creatinine kinases, a higher degree of trans-
aminitis, and more renal failure. These results are presented in
Table 3.

Nine subjects (11 %) died. Of these, two were non-users,
and four were users. The remaining three patients either
presented in cardiac arrest or died before further history
could be obtained.

Table 2 Number of times each agent was identified among the study
population

Agents identified Number of times the agent
was identified

Amphetamine 10

Antipsychotic 8

Benztropine 2

Cocaine 7

Cyclobenzaprine 1

Diphenhydramine 2

Diuretic 3

Tricyclic antidepressant screen 4

Table 3 Median and interquartile ranges of various complications
comparing users and non-users

Users Non-users p value

Maximal CK 2,914 (595–14,154) 420 (132–4,899) 0.0043

Maximal AST 630 (145–3,330) 81 (41–359) 0.0003

Maximal
creatinine

2 (1.4–3.2) 1.3 (1.1–1.8) <0.001

CK creatinine kinase, AST aspartate aminotransferase
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Using binary logistic regression, no variable remained
associated with increased mortality. Subgroup analysis
failed to reveal any significant difference between those
who used illegal drugs (cocaine or amphetamines) and those
who used prescribed xenobiotics. A kappa statistic was
calculated and was 0.85.

Discussion

A wide variety of prescription medications and illicit sub-
stances may predispose to heatstroke. Nearly half of the
patients in our study population used drugs known to alter
thermoregulation. This subgroup of patients had a median
length of hospital stay that was three times longer than the
patients without similar drug use. Despite this longer length
of stay, we did not find an increase in mortality.

In the general population, the prevalence of use of
drugs that predispose to heat illness is unknown but is
likely much lower than the rate of 42 % discovered in
our study cohort. Most other studies of patients with
heatstroke have not looked specifically at use of
thermoregulation-altering drugs [9–11], although one
small case series of patients that presented to an ED
during a heat wave reported 6 of 8 (75 %) patients had
taken drugs that could contribute to hyperthermia [12].

The drugs most commonly encountered in our study
population included sympathomimetics (e.g., cocaine or
amphetamines), anticholinergics (e.g., benztropine, diphen-
hydramine, antipsychotics), and diuretics. Both cocaine and
amphetamines are sympathomimetic agents, which can
cause hyperthermia due to an increase in endogenous heat
production [13]. The risk of sympathomimetic-induced hy-
perthermia is increased with high ambient temperatures
[14–16]. Marzuk and colleagues [14] examined the effect
of ambient temperature on cocaine-related deaths. They
concluded that cocaine-related deaths increased on hot days.
However, the authors did not account for possible confound-
ers, thereby limiting the results of the study [17]. It is not
known if patients were taking other medications that may
alter thermoregulation. Amphetamines such as methylene-
dioxymethamphetamine (ecstasy), can also cause hyperther-
mia as part of a hyperserotonergic state [13]. It should be
noted that no patient in the current study was diagnosed with
serotonin syndrome.

Numerous agents have antimuscarinic properties, including
the tricyclic antidepressants, most antipsychotics, benztropine,
cyclobenzaprine, and antihistamines such as diphenhydramine.
These agents are known to impair heat dissipation [18]. As a
result, these agents can predispose to hyperthermia.

Diuretics have also been associated with heatstroke [19].
It is not clear if the diuretics are creating a state of dehydra-
tion, which may predispose to heat illness. Alternatively, the

diuretics may simply be a marker of cardiovascular disease,
which is known to be a risk factor for the development of
non-exertional heatstroke [19].

We attempted to identify other predictors for increased
length of stay in our patients with drug use as compared to
those without drug use. Heart rate and respiratory failure
were the only variables that were found to be statistically
significant, but we believe these are both markers for severe
illness rather than independent risk factors. While statisti-
cally significant, the small difference in heart rate is unlikely
to be clinically relevant. Users had a much greater need for
mechanical ventilation than non-users. The difference in this
variable likely represents an increased severity among the
users compared with the non-users and may account for
much of the difference in length of stay. Due to the retro-
spective nature, however, it is impossible to state whether
increased morbidity accounted for the full difference of
length of stay observed.

It is well established that patients drinking alcoholic
beverages, those ingesting certain illicit drugs (e.g., cocaine
or amphetamines), and those participating in vigorous,
strenuous outdoor activities in hot weather are at risk for
heat-related illness [2, 20, 21]. It is also established that
substance abuse commonly co-exists among patients with
mental illness [22, 23]. It is possible that poor judgment due
to underlying psychiatric illness prevents many patients
from moving indoors or stopping vigorous activity during
the early stages of heat illness. If this is the case, it may be
that the underlying mental illness is the risk factor, and the
drug use is simply a marker of the underlying mental illness.
One study looking at characteristics of patients who died in
Chicago during the 1995 heat wave found an increased odds
of death (OR 3.5; 95 % 1.7–7.3) associated with “mental
problems” [24]. However, because a complete medication
history was not provided for subjects, it is not possible to
determine from their manuscript if subjects with mental
illness were taking medications or illicit drugs that are
known to affect thermoregulation.

This study has several limitations. First, the study is
retrospective. As a result, the conclusions are limited by
the quality and completeness of data recorded in the medical
record. To minimize these effects, the primary data ab-
stracted were limited to continuous variables (e.g., recorded
heart rate, creatinine, length of stay, etc.) or categorical vari-
ables which were subject to little interpretation bias (e.g.,
presence or absence of a pre-defined medication on the med-
ication history). Choosing these specific variables to be ab-
stracted likely reduced, if not eliminated, abstractor bias and
thus minimized some of the limitations of the retrospective
review [25].

It is possible that some patients had incomplete or inac-
curate drug histories obtained. Because serum drug levels
were not routinely obtained, it is not possible to assess

J. Med. Toxicol. (2012) 8:252–257 255



compliance. Thus, it is possible that some patients were
classified as “users” based on their reported history, but
were in fact non-users if they were not compliant with their
medications.

Furthermore, not every patient in this study had a urine
drug screen performed. Certainly, some patients may not be
forthcoming about their drug use. Given the high prevalence
of both cocaine and amphetamine in this population, it is
unlikely that underreporting and underdetecting contributed
significantly to the findings. Nonetheless, it is possible that
some patients may have been classified as “non-users” who
actually did have illicit drug use that either was not detected
or not reported. However, even if underreporting or under-
detection were to occur, one would hypothesize the observed
differences to be larger. Thus, if any “user” was classified as a
“non-user” based on the lack of a urine drug screen, we would
expect the true differences between the two groups to be even
greater.

This study examined patients who presented to the emer-
gency department and did not include data from the medical
examiner's office. Thus, the most severe patients (e.g., those
who died before presenting to the hospital) would have not
been included in the study. This scenario may explain the
lack of observed mortality difference. Thus, extrapolating
the results of this study to all patients with heatstroke may
be limited, as those patients who died before presentation to
a hospital were not included.

The use of a urine drug screen does raise some limita-
tions. The presence of a drug on a drug screen may imply
utilization, but does not imply acute intoxication [26]. In
general, the cocaine or amphetamine test will remain posi-
tive for 2 to 3 days after last use. The screen for cocaine
relies on the detection of the metabolite benzoylecognine.
The cocaine screen is generally considered to be fairly
accurate with few false positives. In contrast, the amphet-
amine screen is associated with numerous false positives,
including phenylpropanolamine, brompheniramine, bupro-
pion, trazadone, chlorpromazine, promethazine, and raniti-
dine [27]. No patient in our study was known to be taking
ranitidine. While many agents can cause false-positive am-
phetamine screens, many of these agents would be expected
to result in impaired heat dissipation (chlorpromazine,
promethazine) or increase endogenous heat production
(brompheniramine, phenylpropanolamine). Thus, even if
the positive amphetamine screen represented a false posi-
tive, it is unlikely that the false-positive screen would sub-
stantially change the results. Furthermore, it is possible that
some patients had a drug metabolite detected without having
pharmacologic active drug. If this were the case, it could
have overemphasized our findings.

Hyperthyroidism can cause hyperthermia as part of thyroid
storm. No patient had a diagnosis of thyroid storm or thyro-
toxicosis as a discharge diagnosis. Because the data were not

obtained as part of a prospective protocol, thyroid studies were
not obtained in every patient. Thus, it is possible, although
unlikely, that thyroid disease was misdiagnosed as heatstroke.

Our inferential statistical analysis is underpowered to
show any direct link between drug use and increased death
in patients with hyperthermia.

It has been suggested that public health officials identify
high-risk populations prior to heat waves in order to prevent
heat-related illness and death. While patients at the extremes
of age and those with underlying medical or psychiatric
illness are traditionally considered to be high-risk popula-
tions, based on this study, those individuals using certain
drugs may also be considered high risk. While it remains a
possibility that drug use simply serves as a marker for
underlying medical or psychiatric illness, it would be pru-
dent to consider patients taking medications that impair
thermoregulation to be in a potentially high-risk group and
plan accordingly during heat waves.

Conclusion

The use of medications that impair heat dissipation or in-
crease endogenous heat production is commonly encoun-
tered among patients admitted to an intensive care unit with
heat-related illness. Furthermore, the use of such medica-
tions may be associated with more severe illness, but is not
associated with increased mortality.
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