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Exposure to New York City as a Risk Factor for Heart Attack Mortality
NICHOLAS CHRISTENFELD, PHD, LAURA M. GLYNN, PHD, DAVID P. PHILLIPS, PHD, AND ILAN SHRIRA, BA

Objective: If New York City (NYC) residents’ unusually high rate of ischemic heart disease (IHD) results from
chronic exposure to that city, there might also be an effect of acute exposure among visitors to NYC. We explored
this possibility and also whether IHD is reduced among NYC residents dying away from the city. Methods: Using
all US death certificates for 1985–1994, we examined (correcting for age, race, and sex) IHD deaths in three groups:
NYC residents who died in the city. non-NYC residents visiting the city. and NYC residents traveling out of the city.
Results: IHD deaths among NYC residents dying in the city were 155% of the expected proportion (p , .0001).
Among visitors to the city, such deaths were 134% of the expected proportion (p , .0001). The proportion of IHD
deaths among NYC residents dying out of the city was only 80% of the expected value (p ,.0001). These effects are
not due to nearby commuters, recent immigrants, local classification practices, or socioeconomic status, and they
do not appear in other US cities. Conclusions: With both chronic and acute effects of exposure to NYC, these data
are consistent with the hypothesis that the stress of NYC is linked to the high rate of IHD. Key words: heart disease,
acute stress, chronic stress, New York City.

NYC 5 New York City; ICD-9 5 International Classi-
fication of Diseases, ninth edition; IHD 5 ischemic
heart disease; PMR 5 proportionate mortality ratio;
SES 5 socioeconomic status.

INTRODUCTION

Residents of NYC have a notably higher-than-ex-
pected rate of deaths due to IHD, an effect that is not so
pronounced, and often not present at all, in other
major US cities (1, 2). Possible explanations for this
effect include differences in diet, exercise habits, the
type of people who choose to live in NYC, and expo-
sure to stress. One way to shed light on this issue is to
examine whether the heightened risk of IHD is detect-
able not only for residents, who suffer chronic expo-
sure to the city, but also for visitors to NYC, who suffer
acute exposure. One can also examine whether there is
a reduction in IHD for NYC residents when they are
away from the city. Some of the explanations for an
excess of IHD in NYC do not clearly predict effects for
visitors. For example, the hypothesis that NYC has a
high concentration of cardiac-prone people does not
imply that visitors would be at elevated risk or that
residents traveling out of the city would be at reduced

risk of IHD. Similarly, explanations for the excess of
IHD in NYC such as diet or exercise should require
that people suffer chronic exposure to the city and so
also do not predict an elevation for visitors or a reduc-
tion for those leaving NYC. However, other sorts of
explanations, such as the putative stress of being in
NYC, suggest that one might find effects not only for
residents but also for visitors. Thus, the existence of
acute effects of exposure to NYC would provide clues
about the cause of the high rate of IHD in NYC and also
provide information about chronic vs. acute risk fac-
tors for heart attacks.

METHODS

We examined all US deaths for the decade ending in 1994, the
latest year for which US computerized death certificates are avail-
able (3). Among other things, these certificates list cause and loca-
tion of death and location of the decedent’s residence. Because the
precise frequency and duration of visits into and out of NYC cannot
be known, it is not possible to calculate a death rate for visitors.
However, because the total number of people who died while visit-
ing the city is available, the proportion of all such deaths that were
attributed to IHD can be used as the indicator of whether IHD deaths
are overrepresented. Consequently, to examine IHD deaths, we used
a PMR (4) rather than the population’s IHD rate. The PMR is the ratio
(multiplied by 100) of the observed proportion of deaths due to IHD
to the expected proportion of such deaths. Thus, for example, an
IHD PMR of 200 indicates that twice the expected proportion of
deaths were due to IHD, and a PMR of 100 indicates that the ob-
served proportion was no different from the expected proportion.

The PMR allows one to assess the overrepresentation of a disease
in a population whose precise size is not known but for which all
deaths are recorded (5). PMR calculations can be performed for NYC
residents who died in NYC, for NYC residents who died out of the
city, and for people who died while visiting NYC. The PMR does not
directly assess the odds of a NYC visitor dying of heart disease.
However, if being in NYC increases the risk of IHD more than it
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increases the risk of dying of other causes, then the proportion of
IHD deaths should be elevated for those visiting the city.

We conducted three basic analyses using the PMR. For the first
analysis, we compared the observed number of IHD deaths for NYC
residents who died in the city to the expected number of such
deaths. The expected number was calculated from the proportion of
IHD deaths in the rest of the United States among those who died in
their county of residence. To compare observed and expected fig-
ures, we standardized simultaneously on the basis of sex, age (in
decades), and race (white, black, Hispanic, and other) (6). This
standardization procedure was used in all analyses. To calculate
expected IHD deaths, we calculated separately for each age/race/sex
group the proportion of deaths in the rest of the United States that
were due to IHD. We then applied this proportion to the number of
members of that group who died in NYC during the study period.
For example, 27% of Hispanic male octogenarian deaths were due to
IHD in the rest of the United States There were 2032 male Hispanic
octogenarian deaths in NYC, so we expected 549.4 to be due to IHD.
This expected number was then summed across all groups to get the
standardized expected number of NYC IHD deaths. This value, di-
vided by the total number of deaths, also gives the expected propor-
tion of IHD deaths.

For the second analysis, we compared the observed number of
IHD deaths for visitors who died in NYC to the expected number of
such deaths. The expected number was calculated from the propor-
tion of IHD deaths in the rest of the US population among those who
died outside their county of residence. This comparison group con-
trols for any differences in IHD risk for people who are likely to be
traveling when they die.

For the third analysis, we compared the observed number of IHD
deaths among NYC residents dying outside the city to the expected
number. This expected number was calculated from the proportion
of IHD deaths of NYC residents who died in the city, with an
adjustment for the reduction in IHD proportions for the general
population of people who died away from their county of residence.
Identical analyses were conducted for IHD deaths (ICD-9 codes
410–414) as well as for heart disease in general (ICD-9 codes 390–
398, 402, and 404–429). Parallel analyses were conducted for resi-
dents of the 10 largest US cities other than NYC (Los Angeles, CA;
Chicago, IL; Houston, TX; Philadelphia, PA; San Diego, CA; Dallas,
TX; Phoenix, AZ; Detroit, MI; San Antonio, TX; and San Jose, CA).

RESULTS

The number of IHD deaths for New Yorkers dying in
NYC is significantly (p , .0001) higher than expected
(Table 1). The excess in IHD deaths amounts to an
average of 8074 cases per year, and the size of the effect
is consistent with other data on the rate of IHD deaths
in NYC (1, 2). Visitors to NYC experience about 262
more IHD deaths per year (p , .0001) than would be
expected from the mortality of people who died while
visiting other places. NYC residents who died out of
the city show a greater reduction in the proportion of
IHD deaths than do residents of other places who died
out of their home counties (p , .0001). On average,
there are 310 fewer annual IHD deaths than expected
among NYC residents out of the city.

Alternative Explanations.

The reported effects are not due to differences in the
age, race, or sex of NYC residents or visitors; the anal-
yses control for these demographic factors. Further-
more, resident and visitor effects are detectable when
analyses are restricted to whites, blacks, or Hispanics,
which reduces the likelihood that the effects could be
due to unusual concentrations in NYC of particular
ethnic or religious groups. The findings are also un-
likely to result from people coming to NYC to seek
treatment for heart disease, because that cannot ex-
plain the high proportion of IHD deaths for residents.
In addition, because the data are analyzed using a PMR
rather than a death rate, such an explanation depends
on people going to New York for treatment of heart
disease more than for treatment of other diseases. In
other words, if people came to NYC seeking treatment
for a wide range of diseases, then the number of visi-
tors who died might be high, but the proportion of
visitors dying from IHD would not necessarily be af-
fected.

Although ethnic differences and people seeking
medical treatment in NYC are unlikely to account for
the NYC patterns, six other possibilities require further
analyses. First, many visitors to NYC might live in
nearby suburbs and commute to NYC for work. If, for
example, a heart attack is more likely at work and
people commute to work in NYC, the elevated rate for
visitors could then reflect a difference between being
at work and being at home. Second, the effects could
be due, at least in part, to an unusually high concen-
tration of recent immigrants in NYC. Third, the effects
could result from SES differences between the sort of
people who live in, visit, and leave NYC and the sort
who live in, visit, and leave other parts of the country.
Fourth, NYC death registrars might be especially likely

TABLE 1. Observed and Expected Deaths Due to IHD for Those
Who Live in NYC, Visit NYC, and Leave NYC, 1985–1994

Residents of
NYC

Visitors to
NYC

Residents Away
From NYC

Number of IHD deaths
Observed 225,333 10,621 11,318
Expected number 144,592 7,998 14,414
Observed 2

expected
80,740 2,623 23,096

Total 698,311 43,775 44,475
Percentage of IHD

Observed 32.3 24.3 25.4
Expected 20.7 18.3 32.4

IHD PMR 155.8a 132.8a 78.5a

95% CI 155.2–156.5 130.3–135.3 77.1–80.0

a Significantly different from 100; p , .0001, two tailed (4).
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to ascribe heart disease deaths to IHD (rather than to
other forms of heart disease). Fifth, the amount of
walking people do in NYC may overtax the cardiovas-
cular systems of normally sedentary visitors. Sixth, the
visitor effects might not be specific to NYC but might
be effects of cities in general.

To evaluate whether the documented effects hold
only for commuters, we examined IHD deaths for
“long-distance” visitors, that is, those who visited
NYC from states outside the northeast, and for NYC
residents who visited states outside the northeast. In
both cases, the effects on IHD remain highly signifi-
cant. For visitors to NYC from more distant states, the
observed proportion of IHD deaths was significantly
higher than expected (PMR 5 150.0, p , .0001). For
New Yorkers visiting distant states, the observed pro-
portion was significantly lower than expected (PMR 5
81.7, p , .0001). These findings suggest that the visitor
effects are not due simply to commuters.

To explore the possibility that the observed effects
are due to an unusually high concentration of recent
immigrants in NYC, we performed the same three ba-
sic analyses but excluded everyone whose death cer-
tificate indicated a foreign, or unknown, place of birth.
This changed none of the results: The PMR for US-
born residents of NYC was 150.1 (p , .0001); for vis-
itors, it was 128.5 (p , .0001); and for NYC residents
dying out of the city, it was 77.1 (p , .0001). The
observed patterns cannot be attributed to recent immi-
grants in NYC.

Death certificates do not provide direct information
on SES, and although some states report the decedent’s
occupation, New York does not. However, starting in
1989, total years of education is reported, and this is
useful marker of SES (7). Accordingly, to check
whether the NYC effects could be due to SES differ-
ences between groups, the analyses were standardized
on the basis of years of education (as well as age, race,
and sex) for the 6 years that this information was
available. All three findings remain largely un-
changed: Residents had an IHD PMR of 159.2 (p ,
.0001); visitors, 140.0 (p , .0001); and NYC residents
dying out of the city, 72.0 (p , .0001). Furthermore, all
three effects are present when analyses are restricted to
college graduates, high school graduates, or those
without a high school degree. Differences in SES be-
tween those living in or visiting NYC and other parts of
the United States do not seem to be capable of explain-
ing the differences in the proportion of deaths due to
IHD.

To test whether the NYC effects result from geo-
graphic differences in methods of classifying heart dis-
ease deaths, we examined all forms of heart disease,
not just IHD. This analysis reveals the same three

effects as the IHD analysis. NYC residents dying there
had an elevated PMR for heart disease (PMR 5 123.5,
p , .0001), visitors to NYC also had an elevated PMR
for heart disease (PMR 5 110.5, p , .0001), and NYC
residents who died out of the city had reduced propor-
tions of heart disease (PMR 5 88.4, p , .0001). These
findings suggest that the NYC effects cannot be ex-
plained by NYC registrars preferring IHD as a classifi-
cation category.

Perhaps visitors to NYC walk more than they nor-
mally do, and this unusual physical strain is enough to
increase the number of deaths attributable to IHD. This
explanation does not suggest why NYC residents
should show an elevated PMR (and might even predict
the opposite), but it might explain the elevated IHD
PMR for visitors to NYC. However, if the visitor effect
is due to walking, a similar visitor effect should be
apparent in San Francisco, CA, another city where
walking is common. This is not the case. Visitors to
San Francisco actually show a slightly depressed,
rather than elevated, IHD PMR (89.3, p , .0001).

To examine whether the elevated IHD level for NYC
visitors and reduced level for those leaving NYC are
more general phenomena of major urban areas, we
repeated the analyses for the 10 largest cities in the
United States after NYC. For these cities, taken as a
group, there is very little elevation in the PMR for heart
deaths among residents (PMR 5 102.1, p , .0001).
Given the very small effect of chronic exposure to
these cities, one would not expect a large effect of
acute exposure. Consistent with this expectation, vis-
itors to these cities show only a very slightly elevated
heart disease proportion (PMR 5 101.1, p , .005). The
excess amounts to about 7 deaths per city per year.
There is a slight effect for those leaving these cities,
although in the direction opposite that observed in
NYC (PMR 5 107.0, p , .0001). This excess averages
29 excess heart disease deaths per city per year. Thus,
none of the NYC effects is particularly apparent in
other large cities: Residents of other big cities do not
display particularly high levels of heart disease, visi-
tors to these cities do not show notably elevated heart
disease levels, and people leaving these cities actually
show a slight increase, rather than decrease, in the
proportion of heart disease deaths.

DISCUSSION

People who live in NYC are unusually likely to die
of IHD, and we have documented a similar effect for
those visiting the city as well as a reduction in IHD for
NYC residents away from the city. The acute effects are
not as large as the chronic effects, although, with an
impact on hundreds of people each year, the effects are
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well beyond anything plausibly obtainable by chance.
These mortality effects seem to be confined to NYC:
Other major cities do not show the marked excess for
residents, nor do they show the acute effects for visi-
tors.

Elevated IHD proportions for residents and visitors
to NYC could conceivably be attributed to local drink-
ing water or air quality. However, although air quality
has been linked to heart disease (8, 9), NYC does not
have unusually high levels of air pollution (or low
levels of water quality) (10, 11), and pollution expla-
nations cannot account for other large cities with pol-
lution at least as severe not showing high IHD propor-
tions for either residents or visitors.

The finding that NYC that is associated with IHD in
both residents and visitors is consistent with the no-
tion that stress might be involved, although other ex-
planations are still certainly possible. Both chronic
and acute stress have been linked to heart disease:
People with highly stressful jobs show an elevated
heart disease rate (12–16), and those who are experi-
encing anger (17), job deadlines (18), or earthquakes
(19) are more likely to have a heart attack. The data do
not reveal whether the mechanism linking being in
NYC and suffering fatal IHD is the same for visitors
and residents. It is possible that stress, in the long run,
takes its toll by accelerating the atherosclerotic pro-
cess. In the short run, stress associated with NYC may
be enough to trigger a heart attack among visitors who
already have heart disease, and leaving the city may
postpone, briefly, a heart attack among residents who
are at high risk. If stress is in part responsible for our
findings, the data do not indicate whether it is the fast
pace, late nights, excitement, fear, or some other aspect
of NYC that is critical. NYC has by far the highest
population density of any region of the United States
(20), and density has been linked to a variety of nega-
tive health outcomes (21–23). With other sorts of data,
such as the activities of the decedent immediately
before IHD death, it should be possible to shed more
light on the particular aspects of NYC that trigger fatal
ischemic events and also on why NYC is so different
from other cities.

This work was supported in part by a grant (D.P.P.)
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