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Context.— Hot weather taxes cardiovascular function and is associated with in-
creased deaths from heart disease. Cocaine can cause hypertension, tachycardia,
coronary vasospasm, arrhythmias, and increased core temperature.

Objective.— To determine the association between mortality from cocaine over-
dose and hot weather.

Setting.— New York, NY.
Design.— Retrospective review of medical examiner cases from 1990 through

1995.
Subjects.— All fatal unintentional cocaine overdoses from 1990 through 1992

(n = 1382) and all hyperthermia deaths of cocaine users (n = 10) were used to
identify a maximum daily temperature threshold above which mortality from cocaine
intoxication increased. The study population consisted of all fatal unintentional co-
caine overdoses from 1993 through 1995 (n = 2008) and 4 contemporaneous
comparison groups that included fatal unintentional opiate overdoses (n = 793), all
other fatal unintentional overdoses (n = 85), and a subset of homicides (n = 4638)
and fatalities from motor vehicle crashes (n = 815).

Main Outcome Measures.— The number of overdose deaths and the pro-
portion of homicides and traffic fatalities with a positive cocaine toxicology test
result on days with a maximum temperature above or below the temperature
threshold.

Results.— A threshold temperature of 31.1°C (88°F) was identified, above which
the mean daily number of fatal cocaine overdoses increased steadily. On days with
amaximumdaily temperatureof31.1°C (88°F)orhigher (“hotdays”), themeandaily
number of cocaine overdose deaths was 2.34 (SD = 1.68), which was 33% higher
than the mean on days with a maximum temperature of less than 31.1°C (88°F)
(mean = 1.76 [SD=1.37] (P,.001). In contrast, the mean number of opiate
overdose deaths per day was 0.81 (SD = 0.94) on hot days and 0.71 (SD = 0.86)
on other days (P = .28). For other drug overdose deaths, the mean number of
deaths per day was 0.08 (SD = 0.28) on hot days and 0.08 (SD = 0.28) on other
days (P = .69). Among homicides, the proportion with a positive cocaine toxicology
test result was 18.9% on hot days and 19.5% on other days (P = .69), and among
traffic fatalities, the proportions with positive cocaine toxicology test results were
9.5% on hot days and 10.3% on other days (P = .91).

Conclusions.— High ambient temperature is associated with a significant
increase in mortality from cocaine overdose. Based on our comparison groups, the
increase is not explained by changes in cocaine use among the general popula-
tion. Although cocaine use is dangerous on all days, it appears to be even more
dangerous on hot days.
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COCAINE-RELATED morbidity and
mortality constitute a significant public
health problem.1 Approximately 8000
drug abuse deaths occur in the United
States each year, about half of which in-
volve cocaine use.2 In addition, there are
more than 400 000 emergency depart-
ment visits for drug abuse, many of
which involve cocaine.3

Cocaine use can result in serious toxic
effects and death, in part because of
hyperthermia.4,5-7 However, even rela-
tively low doses of cocaine can result in
elevated core temperatures that are be-
low those seen in extreme hyperthermia,
but nonetheless tax cardiac reserve.5,8 In
addition,asasympathomimeticagent,co-
caine can produce tachycardia, hyperten-
sion, coronary vasospasm, and arrhyth-
mias.7-9 The association between cardio-
vascular deaths and hot weather is well
documented.10-13 Thus, the number of
deaths fromcocaine intoxicationmightbe
greater on days with high ambient tem-
perature because of the effects of cocaine
on cardiovascular function or its thermo-
genic properties.

For editorial comment see p 1828.

To investigate this hypothesis, we con-
ducted a medical examiner surveillance
study in New York City to assess the as-
sociation of hot weather with mortality
from unintentional cocaine overdoses. To
rule out the possibility that a generalized
increase of overdose deaths occurred on
hot days, we also assessed the association
of ambient temperature with fatal over-
doses due to drugs other than cocaine,
such as opiates, that do not have sympa-
thomimetic or thermogenic properties.

The exact number of individuals who
used cocaine on specific dates is un-
known. Excess mortality from cocaine
overdoses may occur on hot days, not
becauseof thecardiovascularorthermo-
genic effects of the drug, but because
more cocaine users may take the drug on
such days. To examine this possibility,
we also assessed the relationship be-
tween temperature and the presence of
cocaine in 2 comparison groups, homi-
cides and traffic fatalities.

METHODS
Fatal Unintentional Drug Overdoses

All cases of fatal unintentional drug
overdoses in New York City from 1990
through 1995 were identified through
manual review of all medical files at the
OfficeofChiefMedicalExaminerofNew
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York. This office has the responsibility
for assessing all cases of persons be-
lieved to have died in an unnatural man-
ner, including drug overdoses. To be
classified as a subject, a person had to be
certified as having died of an uninten-
tional overdose caused by 1 or more
drugs. Cases certified as suicidal or ho-
micidal overdoses were excluded.

In the attribution of the cause and
manner of death, the medical examiner
uses the decedent’s medical history, the
circumstances and environment of the
fatality, autopsy findings, and support-
ing laboratory data. A diagnosis of death
causedby intoxicationby1ormoredrugs
requires that the toxicological data be
within the range customarily encoun-
tered in such fatalities, that the history
and circumstances be consistent with a
fatal intoxication, and that the autopsy
fail to disclose a disease or physical injury
that has an extent or severity inconsis-
tent with continued life. For instance, in
thefindingsofadisease inconsistentwith
life, a concurrent intoxication would be
regarded as incidental and unrelated to
the cause of death.

In deaths determined to be caused by
drug intoxication, when toxicology re-
sults reveal the presence of more than 1
drug in concentrations greater than
trace amounts, it is customary to include
all of the identified drugs in the cause of
death. An exception occurs when 1 drug
is present in extremely high concentra-
tions and the others are present in con-
centrations commonly encountered in
persons who die from other unequivocal
causes, such as firearm injuries.

For purposes of data analysis, all fatal
unintentional overdoses were divided
into the following 3 hierarchical, mutu-
ally exclusive groups: (1) those in whom
cocaine was, on the basis of history, cir-
cumstances, autopsy, and toxicological
testing, causative of death; (2) those in
whom opiates were causative of death,
but in whom cocaine or its metabolite
either were not detected or were de-
tected in clinically insignificant amounts
at toxicological testing; and (3) the re-
mainingoverdosescausedbysubstances
other than cocaine or opiates.

For each case of fatal unintentional
drugoverdoses,demographicdata, time,
date, location of injury and death, cause
andmannerofdeath,andtoxicologydata
were abstracted from the files. In a prac-
tical sense, the time of injury and of
death differ by minutes to hours in al-
most all such cases.

Comparison Groups
We used 2 comparison groups of fatal

injuries that occurred in the city from
1993 through 1995. Homicides were cho-
sen as a comparison group because, on

the whole, they have similar demo-
graphic characteristics to those dying of
unintentional overdoses in New York
City. Moreover, persons dying of homi-
cide or unintentional drug overdoses
generally reside in the same communi-
ties of the city that have high rates of
drug use.14 We also used a group com-
posed of persons between the ages of 15
and 54 years who had died in a motor
vehicle crash (as a driver, a passenger,
or a pedestrian). This sample was re-
stricted to this age group because 95% of
cocaine overdoses occur among persons
in this age range. In the same manner as
in unintentional overdoses, for each ho-
micide and traffic fatality, demographic
data, time,date, location, causeandman-
ner of death, and toxicology data were
abstracted from the files.

Toxicologic Procedures
Urine and blood specimens collected

at autopsy were stored at 4°C until they
were assayed. A single toxicologic labo-
ratory at the medical examiner’s office
performed all assays. Benzoylecgonine,
the principal metabolite of cocaine, was
initially screened for in urine by enzyme
immunoassay. A specimen was consid-
ered positive if the concentration of ben-
zoylecgonine was at least 0.3 mg/L. If
urine was not readily available at au-
topsy,benzoylecgoninewasscreenedfor
in blood by radioimmunoassay. A blood
specimen was considered positive if the
concentration of benzoylecgonine was at
least 0.1 mg/L. Positive immunoassay
findings were substantiated by radioim-
munoassay in another tissue.

Blood was screened for cocaine by gas
chromatography involving a nitrogen-
phosphorus detector. A specimen was
considered positive if the concentration
of cocaine was equal to or exceeded
0.1 mg/L. All positive findings were con-
firmedbygaschromatographyandmass
spectrometry.

Opiates were screened for in urine by
enzyme immunoassay or, if urine was
not available, by radioimmunoassay in
blood. Specimens that contained a con-
centration of at least 0.3 mg/L in urine
or 0.1 mg in blood were considered
positive, and were substantiated by ra-
dioimmunoassay in another tissue.

Headspacechromatographywasused
toperformethanolanalysis.Otherdrugs
were screened for and their presence
confirmed by a variety of analytic meth-
ods, including enzyme immunoassay,
thin-layer and high-performance liquid
chromatography, and gas chromatogra-
phy–mass spectrometry.

Temperature Data
We obtained hourly temperatures

from the National Weather Service for

CentralParkStation inManhattan,New
York City, for each day from January 1,
1990, through December 31, 1995, and
determined the daily maximum tem-
perature ina24-hourperiod.Wehypoth-
esizedthatthenumberof fataloverdoses
involving cocaine would be higher on
those days on which the ambient tem-
perature exceeded an as yet undefined
threshold temperature. Because we are
unaware of any literature that has iden-
tified a temperature threshold for co-
caine-related mortality, we sought to
identify a threshold using our own data.
As there is no single conventional
method for determining such a thresh-
old, we used the following strategy.

Sample of Hyperthermia Deaths That
Involved Cocaine.—We identified all
medicalexaminercasesfrom1990through
1995 that the medical examiner certified
as due to hyperthermia (n = 48), but were
not classified as unintentional drug over-
doses. From this group, we identified all
such cases in which benzoylecgonine was
detected at autopsy (n = 10). The daily
maximum temperatures for the 10 dates
of death ranged from 17.2°C (63°F) to
39.4°C (103°F) (mean = 29.6°C [85.3°F],
SD = 6.1°C [10.9°F], median = 30.9°C
[87.5°F]).

IndexSampleofFatalCocaineOver-
doses.—Analysesofheat-relateddeaths
often use a 1-day lag phase, which in-
volves the comparison of mortality on
days that exceed the threshold and the
next day, with mortality on all other
days.15 For instance, a person who had
died of an overdose may not have been
found dead until the next day, or the date
of pronounced death might have been
recorded as the next day, especially if
the death occurred just before midnight.
We then examined the bivariate plot of
themaximumdailytemperature(x-axis)
by the mean number of cocaine overdose
deaths (y-axis) that occurred on days
when the temperature was greater than
or equal to a given temperature (Figure
1). For each temperature value, we de-
termined the mean number of cocaine
deaths occurring on days that had a
maximumtemperaturethatwasgreater
than or equal to this specified tempera-
ture value. We plotted these data for the
1096 days from January 1, 1990, through
December 31, 1992, which we refer to as
the “index sample” and included all 1382
cases of fatal cocaine overdoses during
this period (n = 1382). The plot shows a
relatively flat relationship until 27.8°C
(82°F), then a gradual increase, which
accelerates more markedly at 31.1°C
(88°F) (Figure 1).

Establishment of the Threshold
Temperature.—Based on the median of
the maximum temperature for the dates
of deaths from the sample of hyperther-
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mia cases involving cocaine and the plot
of the index sample of fatal cocaine over-
doses, we chose 31.1°C (88°F) as the
threshold temperature. For purposes of
analysis, we considered a day “hot” if
the maximum hourly temperature was
greater than or equal to 31.1°C (88°F), or
if the maximum hourly temperature of
the preceding day was greater than or
equal to 31.1°C (88°F).

We considered reporting the results
of analyses based on the heat index,
which is a function of the temperature in
degrees Fahrenheit and the relative hu-
midity. However, for most persons the
temperature is a more readily interpret-
able variable. Because temperature is a
fundamental component of the heat in-
dex, the Pearson correlation between
the daily maximum heat index and the
daily maximum temperature in New
York City during the study period was
0.986 (P,.001).

Statistical Analysis
All subsequent statistical analyses

were performed using fatal unintentional
overdoses that occurred during the next
3-year period, January 1, 1993, through
December 31, 1995 (ie, the “cross-valida-
tion sample”). This split-sample approach
to data analysis was used so that our hy-
pothesis could be tested on a sample that
was distinct from the index sample (1990-
1992), which had been used to establish
the threshold temperature.

Separate analyses were conducted for
the 3 types of overdoses described ear-
lier, deaths caused by cocaine; deaths
caused by opiates, but not cocaine; and
deaths caused by other drugs. The Mann-
Whitney test was used to compare “hot”
and “other” days with regard to the num-
ber of deaths from a particular type of
overdose. Day was the unit of analysis.
We also assessed the Pearson correlation
coefficient for autocorrelation, which in-
corporated our 1-day lag phase.

Wefurtherexaminedwhethercocaine
use was increased on hot days among
other causes of death during the same
period, 1993 through 1995. For that rea-
son, we compared the proportion of ho-
micides and traffic-related fatalities
with a positive cocaine toxicology on
“hot” days with the respective propor-
tions with a positive cocaine toxicology
test result on “other” days. Using x2

tests, person was the unit of analysis.
For all analyses, 2-tailed a levels of .05

wereconsideredstatisticallysignificant.

RESULTS
Deaths Due to Hyperthermia

During the 6-year period there were
48 deaths in New York City attributed
to hyperthermia, including 34 males

(70.8%) and 14 females (29.2%). Three
(6.3%) of these deaths were among in-
fants younger than 1 year, 29 (60.4%)
were among those aged 15 through 54
years, and 16 (33.3%) were among those
older than 54 years.

Among the 48 deaths, 40 (83.3%) were
screened for benzoylecgonine and co-
caine. Among these 40, benzoylecgonine
wasdetectedin10(25%ofthosescreened,
21% of the total sample) and cocaine was
detected in 7 (17.5% of those screened,
14.6% of the sample). In contrast, opiates
were detected in only 1 case (2.5%) of the
40screened.Ethanolwasdetectedinonly
5 (12.2%) of 41 cases screened.

When the sample of hyperthermia
deaths was restricted to the age group
that is most likely to have used cocaine
(ie, those aged 15-54 years, n = 27), the
percentages that were positive for ben-
zoylecgonine and cocaine were 37.0%
and 25.9%, respectively.

Fatal Unintentional
Cocaine Overdoses

There were 1095 days during the
cross-validation period (1993-1995). Of
these, 146 days (13.3%) were considered
hot and 30 days were considered ex-
tremely hot, with maximum tempera-
tures reaching 35°C (95°F) or higher.
The hottest days of the period were July

15 and 16, 1995, when the maximum tem-
perature was 39.4°C (103°F).

During this period, there were 2008 fa-
tal unintentional cocaine overdoses. Com-
plete autopsies were performed on 93%
of these cases. The mean age of this group
was39.0years (SD = 8.8years),and94.9%
were aged 15 to 54 years. There were 1569
men (78.1%) and 439 women (21.9%), and
505 non-Hispanic whites (25.2%), 884 non-
Hispanic blacks (44.0%), 605 Hispanics
(30.1%), and 14 Asian or others (0.6%).

Significantly more deaths were due to
cocaineoverdosesonhotdays (n = 146 hot
days, mean = 2.34, SD = 1.68), than other
days (n = 949 other days, mean = 1.76,
SD = 1.37) (by Mann-Whitney, z = 3.98,
P,.001) (Table 1). This difference rep-
resents a 33% increase in mean mortal-
ity on hot days. Mean daily mortality be-
gan to increase when the maximum
temperature equalled or exceeded 31.1°C
(88°F) (Figure 2). The 2 days with the
highest number of cocaine overdose
deaths (n = 9) were July 10 and 13, 1993,
when the maximum temperatures were
37.2°C (99°F) and 33.3°C (92°F), respec-
tively. There were no significant differ-
ences by age, race, gender, or location of
death between subjects who had died on
a hot day and those who had died on an-
other day. The autocorrelation coeffi-
cient for cocaine overdose deaths was 0.12

Table 1.—Number of Unintentional Deaths Due to Drug Overdoses, by Type of Day, Based on the Maximum
Daily Temperature in New York City, January 1, 1993, Through December 31, 1995

Cause of Death
Type

of Day *
No. of
Deaths

Mean Daily
No. of Deaths SD z† P

Cocaine overdose (n = 2008) Hot 341 2.34 1.68
3.98 ,.001Other 1667 1.76 1.37

Opiate overdose (n = 793) Hot 118 0.81 0.94
1.08 .28Other 675 0.71 0.86

Overdoses caused by drugs other than Hot 12 0.08 0.28
0.39 .69cocaine or opiates (n = 85) Other 73 0.08 0.28

*A day was considered “hot” if the maximum hourly temperature for that day or the preceding day was greater
than or equal to 31.1°C (88°F). In the 3-year period, there were 1095 days, of which 146 days were considered hot
and 949 days were below the temperature threshold of 31.1°C (88°F) (other).

†The z score from the normal approximation to the Mann-Whitney test.
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Figure 1.—Index sample. Mean number of fatal unintentional cocaine overdoses in New York City that oc-
curred from 1990 through 1992 on days during which the maximum temperature was greater than or equal
to each given temperature.
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(P,.001), which indicates that the num-
ber of cocaine overdoses on a prior day
accounted for only 1.4% of the variance
in cocaine overdose deaths.

Of the 341 subjects who died of cocaine
overdoses on hot days, the proportion
that had positive toxicology test results
for ethanol was 42.9%, compared with
41.4% for the 1667 subjects who died on
other days. Likewise, the proportions
with positive toxicology test results for
benzodiazepines,barbiturates,orsalicy-
lates on hot days were 10.3%, 1.2%, and
0.9%, respectively, compared with simi-
lar proportions as those who died on
other days, which were 11.5% (benzodi-
azepines), 1.4% (barbiturates), and 1.3%
(salicylates). Opiates were detected in
57.1% of cocaine overdose cases on hot
days compared with 61.7% of such cases
on other days.

Some drugs, including tricyclic antide-
pressants, antipsychotic medications, or
psychostimulants, can affect heat regula-
tion by central mechanisms, by increas-
ingheatproductionthroughmuscularac-

tivity, or by impairing heat dissipation.
Many of these drugs have anticholinergic
or sympathomimetic effects. Overall,
only 20% of the individuals who died of
cocaine overdoses had a positive toxicol-
ogytestresult forat least1of thesedrugs
(Table 2), and the proportion of cocaine
overdose deaths that had a positive toxi-
cology test result for these agents on hot
days was nearly identical to the propor-
tion with a positive toxicology test result
of those who died on other days (Table 2).

Fatal Unintentional Overdoses
of Opiates and Other Drugs

During the cross-validation period,
there were 793 fatal unintentional over-
doses of opiates and 85 fatal overdoses
that tested positive for neither cocaine
nor opiates. There were no significant
differences in the number of deaths on
hot days and the number on other days
for either of these drug-death groups
(Table 1). Figure 3 and Figure 4 show no
discernible change in the mean number
of such deaths at any temperature.

Comparison Groups
During the cross-validation period,

there were 4793 homicides in New York
City, of which 4638 (96.8%) were as-
sessed for the presence of cocaine in
blood. Among these 4638 homicides, 902
homicides had a positive toxicology test
result for cocaine. The demographic
characteristics of the homicides that
were positive for cocaine were similar to
the cocaine overdose group (mean [SD]
age = 32.9 [9.0]years;97.5%betweenthe
ages of 15 and 54 years; 83.6% men; and
8.0% non-Hispanic white, 53.4% non-
Hispanic black, 37.9% Hispanic, and
0.6% Asian or others). Of the 719 homi-
cides that occurred on “hot” days, 136
(18.9%) had a positive toxicology test re-
sult for cocaine. Of the 3919 homicides
that occurred on “other” days, 766
(19.5%) had a positive toxicology test re-
sult for cocaine (x2 = 0.11; df = 1, P = .69).

During the cross-validation period,
there were 921 traffic-related fatalities
among persons between the ages of 15
and 54 years in New York City, of which
815 (88.5%) were assessed for cocaine in
blood. Among these 815 fatalities, 83 had
a positive toxicology test result for co-
caine. The demographic characteristics
of these 83 cases were similar to the co-
caine overdose group (mean [SD]
age = 34.4 [8.5] years; 79.5% men; and
14.5% non-Hispanic white, 44.5% non-
Hispanic black, 39.8% Hispanic, and
1.2% Asian or others). Of the 126 traffic
fatalities that occurred on “hot” days, 12
(9.5%) had a positive toxicology test re-
sult for cocaine. Of the 689 traffic fatali-
ties that occurred on “other” days, 71
(10.3%) had a positive toxicology test re-
sult for cocaine (x2 = 0.01, df = 1, P = .91).

COMMENT
Thisstudydemonstratesseveralmain

findings. First, a quarter of all individu-
als younger than 55 years who died from
hyperthermia in New York City had
used cocaine immediately prior to their
deaths. Second, the mean number of
deaths from cocaine overdoses on days
in which the temperature was equal to or
greater than 31.1°C (88°F) was 33%
higher than the mean on days with lower
maximum temperatures. On days with
temperatureshigherthan31.1°C(88°F),
daily mortality from cocaine overdoses
increased steadily. Third, the associa-
tion of ambient temperature with drug
overdose mortality appears specific to
cocaine, and not to other major drugs of
abuse, such as opiates. Although the
number of deaths from cocaine overdose
was increased on hot days, only 10% of
days in a year on average reach a tem-
perature of 31.1°C (88°F) in New York
City. Thus, the temperature effect we

Table 2.—Proportion of Fatal Cocaine Overdoses With a Positive Toxicology Result for Drugs Commonly
Associated With a Risk of Hyperthermia*

Drug Type†

Cocaine Overdoses by
Type of Day, % Positive

Hot
(n = 341)

Other
(n = 1667)

Antipsychotic medications‡ 2.1 2.1

Antidepressant medications§ 12.1 10.4

Antiparkinsonian and antihistaminic medications\ 5.0 9.7

Psychostimulants and sympathomimetic drugs¶ 0.0 0.1

Phencyclidine 1.8 1.4

Any drug from above types 20.3 22.0

*In determining the percentage, an individual who had more than 1 drug of a given type detected (eg, an individual
who had taken several different antidepressant medications) was counted only once for that drug type.

†Naming of the drug types reflects only the most common clinical indications for these classes of drugs.
‡Includes phenothiazines, thioxanthenes, dibenzodiazepines, butyrophenones, indolones, and diphenylbutylpi-

peridines.
§Includes tricyclic antidepressants and monoamine oxidase inhibitors.
\Includes benztropine mesylate, biperiden, trihexyphenidyl hydrochloride, diphenhydramine hydrochloride, and

chlorpheniramine maleate.
¶Includes amphetamines, methylphenidate hydrochloride, ephedrine, and phenylpropanolamine.
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Figure 2.—Cross-validation sample. Mean number of fatal unintentional cocaine overdoses in New York City
from 1993 through 1995 by the daily maximum temperature. The mean number of cocaine overdose deaths
for a given temperature is plotted using centered moving averages spanning 5 degrees. (See the “Methods”
section for more details about the use of a 1-day lag phase.)
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found does not have a major influence
on the annual mortality from cocaine
overdoses.

Theexactreasonforanassociationbe-
tween high ambient temperature with
mortality from cocaine overdose is not
known. Increased temperature places
considerable demands on the cardiovas-
cular system to increase cardiac output
and to decrease systemic vascular resis-
tance.16 The immediate effects of cocaine
use include increases in mean arterial
pressure, heart rate, and cardiac out-
put.17 Moreover, cocaine use has been as-
sociated with cardiac abnormalities in-
cluding coronary artery occlusion, ma-
lignant arrhythmias, and myocarditis.9
Thus, cocaine use during hot weather
may further tax cardiovascular capacity
and increase the risk of mortality.

Another explanation is that the ex-
cess of such deaths on hot days may, in
some cases, be due to the thermogenic
effects of cocaine. These effects have
been postulated to result from the pro-
pensity of cocaine to cause increased
muscular activity and peripheral vaso-
constriction, or its direct effect on dopa-
mine-modulated, heat-regulatory cen-
ters in the hypothalamus.18-20 For in-
stance, several case reports have docu-
mented fatal hyperthermia with and
without rhabdomyolosis in cocaine us-
ers.21-23 Dogs administered intravenous
cocaine experienced a significant in-
crease in core temperatures, which
proved fatal.24,25 Moreover, above an am-
bient temperature of 11.5°C (52.7°F) the
increase in core body temperature in ca-
nines was positively correlated with the
ambient temperature at which the co-
caine had been administered.25

Hyperthermia is a clinical diagnosis,
rather than a diagnosis established by
pathologic findings. Therefore, the num-
ber of deaths classified with this cause is
quite limited. Persons who overdose on
cocaine may not be discovered for hours
afterdeath, longafter itwouldhavebeen
possible to determine if a clinical hyper-
thermia syndrome had preceded their
deaths. Although we cannot determine
from our database whether many of the
fatal cocaine overdoses on hot days were
attributable to hyperthermia, at least 1
in 4 deaths in New York known to have
resulted from hyperthermia had a posi-
tive cocaine toxicology test result. This
prevalence is considerably greater than
the1.3%prevalenceofrecentcocaineuse
(in the past 30 days) reported in general
population household surveys of drug
use in New York.26 Moreover, most co-
caine-related hyperthermia deaths oc-
curred on warm or hot days. It is pos-
sible that some of the deaths from acute
cocaine intoxication may have been
cases of undetected hyperthermia.

Drug overdose deaths that involve a
single agent are uncommon. Many co-
caine users concurrently administer opi-
ates, ethanol, and other sedative drugs.
However, only about 20% of cocaine
overdose cases had a positive toxicology
test result for other drugs that are com-
monly associated with a risk of hyper-
thermia. Moreover, the proportions of
cocaine overdose deaths with a toxicol-
ogy test result positive for at least 1 of
these drugs was virtually the same for
thosewhodiedonhotdaysvsotherdays.
Thus, our findings cannot be attributed
exclusively to the presence of other
drugs that impair heat regulation. It is
probable that individuals who had ad-
ministered cocaine along with anticho-
linergic or sympathomimetic agents
may have enhanced their risk of heat-
related mortality.

Our findings cannot be explained by a
generalized increase in the number of

overdose deaths on hot days as we ob-
served no association of ambient tem-
perature with overdoses caused by opi-
ates or by other drugs. It is also unlikely
that our findings can be explained by an
increase in cocaine use in the New York
City population on hot days. Among ho-
micides, which have similar demo-
graphic characteristics and reside in
similar neighborhoods as cocaine over-
dose cases, and among persons involved
in motor vehicle crashes, we found that
cocaine was detected in virtually identi-
calproportionsamongthosedyingonhot
days or on other days. Rates of screen-
ing for drugs also are not influenced by
hot weather in New York City.

It is likely that our findings from New
York would apply to other cities in the
United States. Ambient temperatures
in cities are often higher than other re-
gions because of increased heat produc-
tion from crowds, cars, and factories; re-
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Figure 3.—Mean number of fatal unintentional opiate overdoses (not caused by cocaine) by the maximum
daily temperature for the cross-validation period, 1993 through 1995, in New York City. The mean number
of opiate overdose deaths for a given temperature is plotted using centered moving averages spanning 5
degrees. (See the “Methods” section for more details about the use of a 1-day lag phase.)
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Figure 4.—Mean number of fatal unintentional overdoses caused by drugs other than cocaine or opiates
by the maximum daily temperature for the cross-validation period, 1992 through 1995, in New York City. The
mean number of overdose deaths caused by drugs other than cocaine or opiates for a given temperature
is plotted using centered moving averages spanning 5 degrees. (See the “Methods” section for more details
about the use of a 1-day lag phase.)
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tention of heat by buildings and pave-
ments; and diminished heat loss because
of lowwindspeed.27,28 Socioeconomic fac-
tors also may contribute to heat-related
mortality, as city residents are likely to
be older and poorer, and more likely to
live in substandard housing without air
conditioning, showers, or baths, than
suburban or rural residents.29 In an ear-
lier study, we found that many drug
overdose deaths occur in poor neighbor-
hoods,14 which are likely to include few
homes with air conditioners.

Cities in the Northeast and on the Pa-
cific Coast have the lowest threshold
temperatures above which general mor-
tality increases.30 People who reside in
higher latitudes or near oceans experi-
ence fewer hot days, but have a harder
timeadjustingtosuddenchanges intem-
perature, particularly in early sum-
mer.10,27 Thus, the threshold of 31.1°C
(88°F) that we found in New York may
vary somewhat in other locations.

Typically, periods of high humidity
and warm nighttime temperatures,
which reflect persistent, high heat expo-
sure and diminished cooling from evapo-
rative loss, have been associated with
increased general mortality, rather than
transient daytime peaks in tempera-
ture.31 However, the models that best
account for variability in general mor-
tality in New York City involve dry, hot
conditions (ie, a threshold of 33.3°C
[92°F], a low dew point, and a 1-day lag
phase in mortality).30 Our analyses using
the heat index yielded similar results,
which is not surprising given that during
thestudyperiodthemaximumdailyheat
index was so highly correlated with the
maximum daily temperature.

Several methodologic issues in our
study warrant comment. First, it is not
possible to know the dose of cocaine that
an individual had used prior to death.
Thus, the relationship between dose of
cocaine and ambient temperature is un-
known. Second, we do not know the ex-
act ambient temperature to which the
subjects were exposed when they used
cocaine. However, even nighttime low
temperatures on very hot days in New
York remain in the 70s. Third, the
threshold temperature of 31.1°C (88°F)

was established for a group and not for
individuals. Some individuals may have
higheror lowerthresholdsatwhichtheir
mortality risk from cocaine use changes.
Fourth, we do not know whether the in-
dividuals who died were occasional co-
caine users or long-term, heavy users.

Although it is not possible to prove
that high ambient temperature results
in a direct, increased risk of death from
cocaine use, our data suggest that the
increased mortality from cocaine over-
doses on hot days is not explained by
changes in cocaine use in the general
population on such days. Cocaine use is
dangerous on all days. Our findings sug-
gest that the risk of death associated
with cocaine increases further during
hot weather.

This study was supported by grant DA 06534
from National Institute on Drug Abuse (NIDA) and
by the Dewitt Wallace Reader’s Digest Foundation.

References

1. Marzuk PM, Tardiff K, Leon AC, et al. Fatal in-
juries after cocaine use as a leading cause of death
among young adults in New York City. N Engl J
Med. 1995;332:1753-1757.
2. Office of Applied Studies. Annual Medical Ex-
aminer Data, 1994: Data From the Drug Abuse
Warning Network. Rockville, Md: US Dept of
Health and Human Services, Public Health Service;
1996. SMA publication 96-3078.
3. Office of Applied Studies. Annual Emergency
Room Data, 1992: Data From the Drug Abuse
Warning Network. Rockville, Md: US Dept of
Health and Human Services, Public Health Service,
1994. Series 1:12-A.
4. Callaway CW, Clark RF. Hyperthermia in psy-
chostimulant overdose. Ann Emerg Med. 1994;24:
68-76.
5. Wetli CV, Fishbain DA. Cocaine-induced psy-
chosis and sudden death in recreational cocaine us-
ers. J Forensic Sci. 1985;30:873-880.
6. Roberts JR, Quattrochi E, Howland MA. Severe
hyperthermiasecondaryto intravenousdrugabuse.
Am J Emerg Med. 1984;2:373.
7. Cregler LL, Mark H. Medical complications of
cocaine abuse. N Engl J Med. 1986;315:1495-1500.
8. Gawin FH, Ellinwood EH. Cocaine and other
stimulants, actions, abuse, and treatment. N Engl J
Med. 1988;318:1173-1182.
9. Isner JM, Estes NAM III, Thompson PD, et al.
Acute cardiac events temporally related to cocaine
abuse. N Engl J Med. 1986;315:1438-1443.
10. Ellis FP. Mortality from heat illness and heat-
aggravated illness in the United States. Environ
Res. 1972;5:1-58.
11. Semanza JC, Rubin CH, Falter KH, et al. Heat-
related deaths during the July 1995 heat wave in
Chicago. N Engl J Med. 1996;335:84-90.
12. Anders C, Jachimczyk JA, Green R, et al. Heat-
related illnesses and deaths: United States, 1994-

1995. MMWR Morb Mortal Wkly Rep. 1995;44:
465-468.
13. Applegate WB, Runyan JW, Brasfield L, Willi-
ams ML, Konigsberg C, Fouche C. Analysis of the
1980 heat wave in Memphis. J Am Geriatr Soc. 1981;
29:337-342.
14. Marzuk PM, Tardiff K, Leon AC, et al. Poverty
and fatal accidental drug overdoses in New York
City:anecological study. AmJDrugAlcoholAbuse.
1997;23:221-228.
15. Kalkstein LS. The Impact of Predicted Climate
Changes Upon Human Mortality. Vol 41. Elmer,
NJ: CW Thornthwaite Associates; 1988.
16. Sprang CL. Hemodynamic alterations of heat
stroke in the elderly. Chest. 1979;75:362-366.
17. Fischman MW, Schuster CR, Resnekov L, et al.
Cardiovascular and subjective effects of intrave-
nous cocaine administration in humans. Arch Gen
Psychiatry. 1976;33:983-989.
18. Bauwens JE, Boggs JM, Hartwell PS. Fatal hy-
perthermiaassociatedwithcocaineuse.WestJMed.
1989;150:210-212.
19. Kosten TR, Kleber HD. Rapid death during co-
caine abuse: a variant of the neuroleptic malignant
syndrome. Am J Drug Alcohol Abuse. 1988;14:335-
346.
20. Cox B, Kerwin R, Lee TF. Dopamine receptors
inthecentral thermoregulatorypathwaysof therat.
J Physiol. 1978;282:471-483.
21. Roth D, Alarcon FJ, Fernandez JA, et al. Acute
rhabdomyolysis associated with cocaine intoxica-
tion. N Engl J Med. 1988;319:673-677.
22. Loghmanee F, Tobak M. Fatal malignant hy-
perthermiaassociatedwithrecreationalcocaineand
ethanol abuse. Am J Forensic Med Pathol. 1986;7:
246-248.
23. Daras M, Kakkouras L, Tuchman AJ, Koppel
BS. Rhabdomyolysis and hyperthermia after co-
caine abuse: a variant of the neuroleptic malignant
syndrome. Acta Neurol Scand. 1995;92:161-165.
24. Catravas JD, Water IW, Walz MA, Davis WM.
Acute cocaine intoxication in the conscious dog:
pathophysiologic profile of acute lethality. Arch Int
Pharmacodyn. 1978;235:328-340.
25. Catravas JD, Waters IW. Acute cocaine intoxi-
cation in the conscious dog: studies on the mecha-
nisms of lethality. J Pharmacol Exp Ther. 1981;217:
350-356.
26. Office of Applied Studies. National Household
Survey on Drug Abuse: Main Findings 1991. Rock-
ville, Md: US Dept of Health and Human Services,
Public Health Service; 1993. SMA publication 93-
1980.
27. Buechley RW, Van Brugen J, Truppi LE. Heat
island equals death island? Environ Res. 1972;5:85-
92.
28. Clarke JF. Some effects of the urban structure
on heat mortality. Environ Res. 1972;5:93-104.
29. Jones TS, Liang AP, Kilbourne EM, et al. Mor-
bidity and mortality associated with the July 1980
heat wave in St Louis and Kansas City, Mo. JAMA.
1982;247:3327-3331.
30. Kalkstein LS, Davis RE. Weather and human
mortality: an evaluation of demographic and inter-
regional responses in the United States. Annal
Assoc Am Geographers. 1989;79:44-64.
31. Kalkstein LS. Health and climate change: direct
impacts in cities. Lancet. 1993;342:1397-1399.

1800 JAMA, June 10, 1998—Vol 279, No. 22 Unintentional Cocaine Overdose—Marzuk et al

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Upstate Medical University User  on 07/21/2021


