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Introduction
Carbon monoxide (CO) is an odorless, col-
orless gas released during incomplete com-
bustion of carbon, which is emitted from 
fuel-burning engines, including those in cars, 
boats, and generators. Unintentional nonfire-
related (UNFR) CO poisonings are among 
the leading causes of unintentional poisoning 
deaths in the U.S. (Centers for Disease Con-
trol and Prevention [CDC], 2014).

Each year in the U.S., on average from 1999–
2012, there were 438 UNFR CO deaths, with 
an average annual age-adjusted death rate of 
1.46 per million persons, and a crude annual 
death rate of 1.43 per million persons (Sir-
car et al., 2015). Another study based on the 
National Vital Statistics System, the National 
Poison Data Center, hyperbaric oxygen treat-
ment centers, and the National Electronic 

Injury Surveillance System reported simi-
lar numbers of deaths (Iqbal, Clower, King, 
Bell, & Yip, 2012). In general, CO deaths are 
more common during winter months (Iqbal, 
Clower, et al., 2012; Sircar et al., 2015) and in 
rural areas (Sircar et al., 2015; Yoon, Macdon-
ald, & Parrish, 1998). The most frequent place 
of exposure is the home (Sircar et al., 2015). 
Nationally, rates of nonfatal UNFR CO-related 
emergency department visits and hospitaliza-
tions are highest in the winter season. Most 
of these CO exposures occurred in homes 
(Iqbal, Law, Clower, Yip, & Elixhauser, 2012). 
Between 1979–1988, 57% of UNFR CO deaths 
in the U.S. were due to automobile exhaust 
(Cobb & Etzel, 1991), the majority (83%) of 
which were associated with stationary auto-
mobiles. In addition, many studies report 
that death from UNFR CO poisoning is more 

common among men and older adults (CDC, 
2007; Cobb & Etzel, 1991; Sircar et al., 2015). 

Although there are similarities in decedent 
characteristics, sources of CO and exposure 
circumstances for UNFR CO deaths can 
vary by geography. In Florida, CO poison-
ing deaths from 1999–2007 occurred most 
commonly in the home and most decedents 
were exposed to CO from vehicle exhaust 
(Harduar-Morano & Watkins, 2011). In 
Oklahoma, however, most UNFR deaths 
from 1994–2003 were related to furnaces and 
home heating (Bowles & Mallonee, 2007). 

We reviewed death certificate data and 
medical examiner records for CO decedents 
in New York City (NYC) to determine CO 
source, risk factors, and exposure circum-
stances during cold-season months, when 
CO poisoning occurs most frequently. To our 
knowledge, this study is the first in-depth 
examination of recent CO deaths in NYC. 

Methods
CO deaths were defined by the Centers for 
Disease Control and Prevention’s (CDC) 
National Environmental Public Health Track-
ing Network case criteria in effect in 2013 as 
those with an International Classification of 
Diseases 10th Revision (ICD-10) code of T58 
(“Toxic effect of carbon monoxide”) as a con-
tributing or underlying cause (CDC, 2018). 
Intentional deaths were defined as those with 
ICD-10 codes X6-Y09, Y35, or Y36 in any 
field and were excluded. Fire-related deaths 
were defined as ICD-10 codes in the range 
of X0 in any field and were also excluded. 
Nonfire-related deaths were defined as ICD-
10 codes X47 in any field and were included. 

Decedents with an unknown cause were 
defined as those having no fire or nonfire 
codes, or having both fire and nonfire codes, 
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Abst ract  Unintentional nonfire-related (UNFR) carbon
monoxide (CO) poisoning is among the leading causes of unintentional 
poisoning deaths in the U.S. Our objective was to determine risk factors 
for UNFR CO poisoning deaths during the cold season in New York City 
(NYC). We examined data from death certificates and NYC Office of 
Medical Examiner records to describe decedent demographics, exposure 
circumstances, and CO sources during the cold months (October–April) 
between 2005–2013. Over the study period there were 32 UNFR CO 
deaths, with an average annual death rate of 0.4 per million people. 
Average annual cold-season death rates were higher among older adults 
(1.2 per million people ≥65 years) and men (0.8 per million men). The
most common source of exposure was automobile engines (n = 15, 47%). 
The UNFR CO poisoning death rate in NYC is lower than the national 
average. Older adults and men are at greatest risk of death. Automobile 
exhaust is a significant and preventable source of exposure and should 
be emphasized in public health messaging and prevention efforts. 

Death From Unintentional Nonfire-
Related Carbon Monoxide 
Poisoning in New York City During 
the Cold Season, 2005–2013 
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and were also included. Partially de-identified 
electronic death certificate data, including 
medical examiner numbers, were obtained 
from the NYC Department of Health and 
Mental Hygiene (DOHMH) Bureau of Vital 
Statistics for the cold-season months (Octo-
ber 1–April 30) during the years 2005–2013. 

In NYC, the medical examiner investi-
gates all deaths suspected of being due to an 
external cause, including CO poisoning. A 
research agreement with the Office of Chief 
Medical Examiner (OCME) allowed us to 
query OCME records for CO cases identified 
in Bureau of Vital Statistics data. Research 
assistants abstracted relevant data from 
medical examiner records into a Microsoft 
Access database and analyzed the data in 
SAS version 9.2. We also reviewed OCME 
documents to ensure the death met the case 
definition of being nonfire related and unin-
tentional, and for exposure occurring in one 
of the five NYC boroughs.

We used death certificate data to deter-
mine race/ethnicity, sex, age, borough of res-
idence, and educational levels. When data 
were missing from the death certificate but 
available in OCME data, we used the OCME 
data. By reviewing OCME documents, we 
determined source of exposure, presence 
and functioning of a CO alarm, whether the 
death occurred during a power outage, and 
whether the decedent was homeless or sus-
pected to be homeless. 

We noted alcohol abuse as chronic when 
either the death certificate or the OCME inves-
tigation documents mentioned current or past 
alcoholism. Evidence of alcohol use at the time 
of death was considered positive when there 
was a report of intoxication around the time 
of death or blood ethanol level was >0.05% on 
the toxicology report. A threshold of 0.05% 
was chosen because it is the legal blood alco-
hol limit for operating a motor vehicle in New 
York State. Comorbid or contributing medical 
conditions were determined from the autopsy 
report or death certificate, as well as by report 
in any investigation documents. 

Average annual cold-month death rates were 
calculated for borough of residence, sex, race/
ethnicity, and age group. Denominator data 
were based on the 2010 U.S. Census of NYC 
(New York City Department of Health and Men-
tal Hygiene, 2015). We did not generate a death 
rate by borough of occurrence (as opposed 
to residence) because we had no appropriate 

denominator. We defined an annual cold-sea-
son rate as the total number of deaths over the 
study period divided by the number of study 
years (9 years), expressed per 1 million peo-
ple. A year-round rate was calculated and age 
adjusted to the U.S. standard age population 
for year 2000 using the direct standardization 
method (Klein & Schoenborn, 2001). Source of 
exposure was defined as the appliance or device 
that generated the CO. Place of exposure was 
defined as the physical location where the dece-
dent was injured or found.

For sex, age, race, and borough of decedent 
residence, we used SAS software to generate a 
chi-square likelihood ratio test to test the null 
hypothesis that death rates were independent 
of category. Because counts in all categories 
were low, we assumed a Poisson distribution. 
A p-value of <.05 was considered statistically 
significant. If the null hypothesis was not 
rejected, no further statistical tests were per-
formed. If the omnibus test was statistically 
significant, a reference category was set and 
a Poisson statistic was generated to compare 
rates within a variable. 

The NYC DOHMH Institutional Review 
Board reviewed this study and determined 
that it was exempt research.

Results
Over the 9-year study period, 36 decedents 
were identified as meeting the UNFR CO 
death case definition in Bureau of Vital Statis-
tics data. After reviewing OCME records, four 
records were excluded from the analysis and 
included one case of exposure outside NYC, 
two classified as unknown cause that were 
determined to be fire-related after review of 
OCME records, and one that was not CO-
related. One decedent had a legal residence 
outside of NYC, but was visiting a family 
member for a long-term stay in the Bronx; 
therefore, we included this case as residing in 
the Bronx for the analysis. There were only five 
UNFR CO deaths during warm months over 
the study period (data not shown) that were 
not included in this analysis, bringing the total 
year, age-adjusted rate to 0.49 per million. 

The overall cold-season death rate was 0.4 
per million. Deaths occurred in each year, al-
though there was variation in counts by year, 
with an annual average of 3.5 deaths. Of the 
32 UNFR CO deaths during the cold season, 
27 (84%) were men and five (16%) were 
women (Table 1). The average annual death 

rate was higher among men than women (0.8 
versus 0.1 deaths per million, p < .001). 

The UNFR CO cold-season death rate 
increased with age. Approximately two thirds 
of deaths occurred among adults ≥45 years. 
Adults 45–65 years had a death rate of 0.6 
deaths per million people, while adults ≥65 
years had a rate of 1.2 per million people. 

Deaths were reported in all NYC bor-
oughs. Queens was the borough with the 
highest number of deaths (n = 15, 47%). 
There was no statistically significant differ-
ence in rates of cold-season death by bor-
ough of residence, although Staten Island (n
= 3, 9%) had the highest rate of death (0.7 
deaths per million residents). 

The most common source of UNFR CO 
exposure in NYC was automobile emission 
(47%, Table 2), with decedents exposed in 
automobiles in enclosed garages, in homes with 
automobiles left running in attached garages, or 
in automobiles outdoors with or without men-
tion of exhaust systems blocked by snow. 

Automobiles were also the most common 
location of exposure (47%, Table 2), most 
often outside but also in enclosed residen-
tial garages. Of the 15 decedents found in 
an automobile, the source of exposure for 
11 decedents was vehicle exhaust, including 
four vehicles running in attached garages and 
four vehicles with exhaust systems blocked 
by snow. The remaining four were exposed 
to nonvehicle sources running inside the 
vehicle, including a contained coal fire for 
warmth, generators, and a lawn mower. 

The second most common location of 
exposure was the home (44%, Table 2). 
Home exposures resulted from furnaces, 
ovens, space heaters, and generators, as well 
as four cases where decedents died in homes 
after exposure to exhaust from vehicles left 
running in attached garages. There was one 
case in which a decedent was thought to be 
exposed at home, but there was no report 
of the specific source and so this case was 
reported as “household exposure.”

The presence or absence of a CO alarm was 
infrequently noted in the death scene investi-
gation reports for indoor exposures (Table 2). 
Two decedents were indoors and had no CO 
alarm. Five decedents were noted as having 
an alarm in place. Of those with an alarm, in 
three cases the alarm was noted to be non-
operational: two decedents who died in the 
same incident had a CO alarm that was dis-
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connected from the batteries, and the other
decedent did not have batteries in the alarm.
Two decedents, who died in the same inci-
dent and were both hard of hearing, had a CO
alarm but it was not clear from the records
whether it had sounded or was operational.
It was noted, however, that a neighbor’s CO
alarm had sounded.

Overall, six decedents were homeless
(Table 2), five of whom were exposed in
vehicles and one in a place of business. There
were also seven (22%) work-related deaths, of
which three were due to generator emissions.
Only two cases were known to involve a util-
ity outage. In one case, the power was turned
off due to unpaid bills. In the other case, the
reason for the outage was not recorded.

The most common comorbid medical con-
dition was cardiovascular disease (n = 16,
50%, Table 3), defined as either atherosclerotic
disease, history of stroke, heart failure, history
of myocardial infarction, pacemaker present,
or hypertensive cardiomyopathy. There was
evidence of alcohol use at the time of death in
16% of cases and 25% of decedents had a his-
tory of alcohol abuse. Nearly 40% percent of
decedents had a history of either drug or alco-
hol abuse, or had evidence of drug or alcohol
use at time of death. Respiratory disease and
diabetes were noted in several cases.

The environmental CO level was noted
in only seven indoor exposure cases. Some
records commented on CO detection but did
not report a value and some records noted
that doors and windows had been opened
prior to fire rescue taking a measurement.
Excluding a case in which the CO measure-
ment was zero, the mean environmental CO
measured was 372 ppm with a standard devi-
ation of 168 ppm (Table 4). In all, 28 of the
32 decedents (88%) had a recorded carboxy-
hemoglobin blood level (Table 4). The mean
carboxyhemoglobin level for those in whom
it was measured was 61% with a standard
deviation of 14%.

Discussion
In NYC, between 2005–2013, the average
annual cold-month death rate was 0.4 deaths
per million people based on OCME data
(Table 1). Similar to other areas, death rates
were higher among older adults and men.
Automobile exhaust was the most common
source of exposure. While infrequent, these
deaths occur each year and are preventable.

Demographics of Unintentional Nonfire-Related Carbon Monoxide 
Poisoning Deaths, New York City, 2005–2013 (October–April)

Demographic n % Average Annual 
Cold Month Rate  

per 1,000,000

p-Value

Sex       <.001b

     Female 5 16 0.1 ref

     Male 27 84 0.8 <.001

Age (years)       .001b

     0–17 1 3 0.1 ref

     18–24 2 6 0.3 .250

     25–44 8 25 0.3 .106

     45–64 10 31 0.6 .038

     ≥65 11 34 1.2 .004

Race       .541b

     White (non-Hispanic) 11 34 0.4  

     Black (non-Hispanic) 10 31 0.6  

     Hispanic 9 28 0.4  

     Asian 2 6 0.2  

Borough of death        

     Bronx 5 16    

     Brooklyn 8 25    

     Manhattan 2 6    

     Queens 15 47    

     Staten Island 2 6    

Borough of residencea       .106b

     Bronx 7 22 0.6  

     Brooklyn 7 22 0.3  

     Manhattan 2 6 0.1  

     Queens 13 41 0.6  

     Staten Island 3 9 0.7  

Education        

     Less than high school 5 16    

     High school graduate or GED 15 47    

     Some college credit, no degree 3 9    

     College or higher 5 16    

     Unknown 4 13

Total 32 100 0.4

aFrom Bureau of Vital Statistics data. One decedent lived outside of New York City but was staying long term with family 
in the Bronx and was counted as a resident of the Bronx.
bLog likelihood ratio chi-squared test.

TABLE 1
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The UNFR CO death rate in NYC appears
to be lower than national and regional rates.
The cold-season death rate in NYC was 0.4
deaths per million. The year-round age-ad-
justed death rate was 0.49 per million, lower
than the year-round age-adjusted Northeast
death rate of 0.91 deaths per million and the
national rate of 1.46 deaths per million from
1999–2012 (Sircar et al., 2015).

The higher CO poisoning death rates in
men that we observed in NYC are consistent
with studies in other jurisdictions (Iqbal,
Clower et al., 2012). One national study found
that nonfatal CO exposures and emergency
department visits were more common among
women, whereas men were more likely to ex-
perience death (Iqbal, Clower, et al., 2012). It
is possible that men might be more vulnerable
to death because they are more likely to abuse
alcohol and substances (Merikangas & Mc-
Clair, 2012), which could decrease the likeli-
hood that they will recognize early symptoms
and remove themselves from the exposure.
Men might also have more acute high-level
exposure because they could be more likely
to work with tools or appliances that emit CO
in an occupational setting (CDC, 2007; Iqbal,
Clower, et al., 2012). In our study, all work-
related exposures (n = 7) were among men.

In this study, the risk of fatal UNFR CO
poisoning increased with age, also consistent
with other studies (CDC, 2007; Sircar et al.,
2015). This trend might be because older
people are 1) less likely to experience symp-
toms or 2) unable to recognize early symp-
toms of CO poisoning, which can be nonspe-
cific (Muo & Gambert, 2015). An increasing
prevalence with age of medical comorbidity,
especially cardiovascular disease, could make
older adults more prone to the effects of CO
on the heart. Finally, older adults could be
more likely to live in social isolation, result-
ing in a longer CO exposure and lower likeli-
hood of being found before death.

Coronary artery disease was the clini-
cal condition most associated with death by
UNFR CO poisoning. We considered a de-
cedent as having coronary artery disease if it
was present on autopsy. Autopsy dissection
of coronary arteries showing atherosclerosis,
however, might not indicate clinically appar-
ent heart disease during life. Young subjects
with no clinical diagnosis of cardiovascular
disease might be diagnosed as having ath-
erosclerosis on imaging and autopsy (Tuzcu

Source of Carbon Monoxide (CO) and Environmental Risk Factors 
Among Decedents (n = 32), New York City, 2005–2013 (October–April)

Variable n %

Source of exposure 

     Automobile 15 47

     Generator 5 16

     Oven 4 13

     Space heater 3 9

     Charcoal fire 1 3

     Furnace 1 3

     Gas hot water heater 1 3

     Unspecified household exposure 1 3

     Lawn mower 1 3

Place of exposure

     Automobile 15 47

          In residential garagea 4  

          Snow-relatedb 4

          Other outdoorsc 7  

     Homed 14 44

     Businesse 3 9

Power outage

     Yes 2 6

     No 3 9

     Unknown/NA 27 84

Homeless

     Yes 6 19

     No 25 78

     Unknown 1 3

CO alarm present

     Yes 5 16

          Not operational 3

          Unknown if operational 2

     No 2 6

     Unknown/NA 25 78

Work-related

     Yes 7 22

     No 25 78

NA = not applicable
aIncludes four decedents found in automobiles in home garages.
bAll decedents were in an automobile and involved snow obscuring the automobile exhaust system.
cSources of CO for four decedents found in an automobile included one lawn mower, two generators, and one charcoal fire.
dIncludes four decedents who died in homes with attached garages where automobiles were the source of exposure.
eIncludes one store, one shed at a construction site, and one trailer at a construction site.

TABLE 2
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et al., 2001). Both clinical and subclinical
coronary artery disease can increase risk of
death from CO poisoning because it makes
the victim more susceptible to the effects of
hypoxia, as well as to CO toxicity directly
affecting the myocardium. In addition, coro-
nary artery disease can predispose exposed
people to arrhythmia and other cardiac com-
plications of CO poisoning (Lippi, Rastelli,
Meschi, Borghi, & Cervellin, 2012).

Housing stock, transportation, weather,
and employment likely all contributed to
differences in rates of death between juris-
dictions. From 1999–2012, NYC victims of
fatal UNFR CO poisoning were somewhat
less likely to be exposed at home (44%) than
deaths nationally (54%) (Sircar et al., 2015)
or in Florida (77%) (Harduar-Morano &
Watkins, 2011). In November 2004, NYC
passed a law mandating CO detectors in
dwellings, which include apartment build-
ings, single-family homes, and multifamily
homes. Our study period occurred after this
law was instituted, so it is possible that we
were seeing fewer deaths in homes due to
CO alarm warnings. A previous study of inci-
dence of CO poisoning in NYC before and af-
ter the CO detector law found nonsignificant
decreases in hospitalizations and deaths from
UNFR CO poisoning after the law; however,
the relatively short study period and small
number of identified deaths might have lim-
ited our ability to detect a significant change
(Wheeler-Martin et al., 2015).

In our study, the most common source
of CO poisoning was automobile emissions
(47%). This result is consistent with national
studies that have also found vehicle emissions
to be the most common exposure source,
most frequently via stationary vehicles (Cobb
& Etzel, 1991; Sircar at al., 2015). Somewhat
lower rates of residential death in NYC might
be due, in part, to the fact that most people
in NYC live in apartment buildings without
interior garages or with commercial garages
that are staffed.

In NYC, the highest death rates, although
not statistically different, were seen in Queens
and Staten Island. These boroughs have the
highest density of cars (New York Office of
Information Technology Services, 2014) and
the highest percentage of residential lots with
single family or row houses (New York City
Department of City Planning, 2012), which
are more likely to have garages in close prox-

imity to living space. Single-family dwellings
also have less stringent requirements related to
proof of installation and maintenance of CO
alarms (New York City Deparment of Housing
Preservation and Development, 2013).

Nationally, 3% of UNFR CO deaths from
1999–2012 were work related (Sircar et al.,
2015). There was a higher proportion of oc-
cupational exposures (16%) in NYC, which
likely is the result of a lower number of non-
occupational deaths, rather than an indica-
tion of unusually unsafe work places. The
possibility of unsafe work environments,
however, should be considered in preven-
tion efforts. Three of the deaths took place
in sheds or trailers that were heated with a
generator in the winter: all three decedents
were guarding goods or construction sites
overnight. As such, the most common work-
related deaths occurred outside in areas (such
as vehicles and worksites) that may not be
covered by the current CO alarm rule.

Only 16% of decedents were noted to have
evidence of alcohol use around the time of
death. Of UNFR CO decedents in New Mex-
ico from 1980–1995 who were tested for the
presence of alcohol, 42% had a blood alcohol
concentration of >0.01% (Yoon et al., 1998).
A study in California reported 33% of UNFR
CO deaths involved alcohol as documented in

medical examiner report (Girman, Chang, Hay-
ward, & Liu, 1998). Nearly 40% of decedents in
our study, however, had a history of either drug
or alcohol use or had evidence of drug or al-
cohol use at time of death, indicating that sub-
stance use and abuse can also be a significant
risk factor for UNFR CO deaths in NYC.

There are some limitations to this study.
We examined deaths occurring only in
cold-season months, so risk factors specific
to summer deaths are not captured in this
analysis. Most UNFR CO deaths in NYC and
the Northeast, however, occur during cold
months; over the entire study period, there
were five UNFR CO deaths that occurred
during warm months. In addition, our case
definition included two cases with an IC-10
code (Y17) denoting an event of undeter-
mined intent. Some CO deaths might also
go undetected (Varon & Marik, 2002). CO
exposure, for instance, can trigger an acute
coronary event and be unrecognized as a CO-
related death (Sward, Sethuraman, Wong, &
Rosenthal, 2016).

This analysis took place at the decedent
rather than the incident level. In our data,
there were three poisoning events that re-
sulted in six deaths. The method we used,
however, indirectly takes into account the
most concerning CO source, because those

Carbon Monoxide Decedent Medical Conditions and Contributing 
Factors, New York City, 2005–2013 (October–April)

Variable n %

Cardiovascular disease 16 50

Respiratory disease 5 16

Diabetes 3 9

Recorded history of illegal substance or opioid use 4 13

Chronic alcohol abuse

     Yes 8 25

     No 10 31

     Unknown 14 44

Evidence of alcohol use at time of deatha 5 16

History of illegal substance, opioid, chronic alcohol abuse, or alcohol use  
at time of death 

12 38

Total 32 100

aBy report or positive toxicology ethanol level of >0.05% measured in blood.

TABLE 3
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sources that caused more deaths were, in ef-
fect, overcounted.

A strength of this study is the use of medi-
cal examiner investigation data to describe
the source of CO and the context in which
the deceased was exposed, which is informa-
tion generally not available from death cer-
tificates. In addition to CO detector regula-
tions, one of the strategies for prevention of
CO exposure is public health messaging to
educate the public and at-risk populations
about how to protect themselves and avoid
exposure. The results of this study can help
ensure that public health messaging appro-
priately emphasizes current risks in NYC.
While continued focus on educating the
public about the importance of functioning
home CO detectors, safe use of home heat-
ing and other equipment, and proper use of
generators (particularly during emergencies)
remains appropriate, the results of this study
demonstrate that vehicle exhaust is a major
source of exposure in NYC.

The dangers of running vehicles in garages
attached to homes or in enclosed spaces need
to be emphasized in public health messaging.
Many decedents were older men and mes-

saging should also be directed at that popu-
lation, as well as those who care for older
people generally. Given the higher risks of
CO exposure in the winter, CO safety mes-
saging should continue to be integrated into
seasonal and emergency winter and extreme
cold safety messaging. For instance, the risks
of exposure to vehicle exhaust resulting from
tailpipes blocked by snow should be high-
lighted in public education materials that are
disseminated during the cold season.

In addition, there should be further study re-
garding the extent to which car exhaust is the
cause of CO poisoning in warm or cold months
throughout the country. If vehicle exhaust is a
major contributor to CO death, engineering
solutions such as alternative alarm systems for
vehicle CO emissions that can perform well in
that environment could be explored.

Conclusion
In NYC, the UNFR CO death rate is lower
than national rates, with the majority of ex-
posures due to car exhaust. Preventive mea-
sures such as ensuring home CO detectors,
maintaining home heating equipment, and
proper use of home heating and cooking

equipment, as well as reducing CO in con-
sumer products such as generators continue
to be relevant. Our study shows that the dan-
gers of automobile emissions—including au-
tomobiles in attached garages—as a source
of fatal CO poisoning at home are important
in NYC and should be emphasized in public
health messaging.
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