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Abstract
Background: Psychological distress following disaster events may increase the
risk of sudden cardiac death. In 2001, the Nisqually earthquake and the 11
September terrorist attacks profoundly affected Washington state residents.
Hypothesis: This research investigated the theory that the incidence of sud-
den cardiac death would increase following these disaster events.
Methods: Death certificates were abstracted using a uniform case definition
to determine the number of sudden cardiac deaths for the 48-hour and one-
week periods following the two disaster events. Sudden cardiac deaths from
the corresponding 48-hour and one-week periods in the three weeks before
the events, and the analogous periods in 1999 and 2000 were designated as
control times. Using /-tests, the number of sudden cardiac deaths for the peri-
ods following the disaster events was compared to those of the control periods.
Results: In total, 32 sudden cardiac deaths occurred in the four counties
affected by the Nisqually earthquake during the 48 hours after the event,
compared to an average of 22 ±3.5 (standard deviation) in the same counties
during the control periods (p = 0.02). No difference was observed for the one-
week period (94 compared to 79.2 ±12.4,̂ > = 0.28). No difference was observed
in the number of sudden cardiac deaths in the 48-hours or one-week follow-
ing the terrorist attacks compared to control periods.

Conclusions: A local disaster caused by a naturally occurring hazard, but not
a geographically remote human disaster, was associated with an increased risk
of sudden cardiac death. A better understanding of the underlying mecha-
nisms may have implications for prevention of sudden cardiac death.

Gold LS, Kane LB, Sotoodehnia N, Rea T: Disaster events and the risk of
sudden cardiac death: A Washington State investigation. Prehospital Disast
Med 2007;22(4):313-317.

Introduction
Acute psychological distress may produce autonomic changes that can
increase heart rate and blood pressure, enhance platelet aggregation and the
production of clotting factors, and reduce myocardial oxygen supply. Taken
together, these mechanisms may lead to ischemia and dysrhythmias, and pos-
sibly result in sudden cardiac death.1"6 Mental stress has been shown to
increase following disasters due to natural hazards such as earthquakes and
hurricanes.7"11 Similarly, measures of psychological distress increased both
locally and nationally following the terrorist attacks that occurred in the
United States on 11 September 2001.12"14

Some evidence suggests that disaster incidents may be associated with
sudden cardiac death. Several studies of cardiac events following severe earth-
quakes found increased rates of cardiac-related hospital admissions and/or
death,15"20 but, in at least one study, the risk for acute myocardial infarction
(AMI) following an earthquake was not increased.21

Other evidence indicates that cardiac events increase following disasters
from human causes such as wars and terrorist attacks. Two studies observed
an increase in the incidence of myocardial infarction and sudden cardiac death
in Israel during the first days of the Iraqi missile strike in 1991.22'23
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Additionally, increases were seen in the incidence and mor-
tality from coronary artery disease following air raids in
Zagreb, Croatia in 1991.24 Evidence of escalation of cardiac
events following terrorist attacks in the United States is
mixed. An analysis of myocardial infarctions, unstable angi-
na, and tachyarrhythmia in Brooklyn following the 11
September 2001 terrorist attacks revealed a significantly
increased rate of cardiac diagnoses in the two months after
the attacks compared to several control periods.25 Allegra et
al similarly concluded that New Jersey hospital admissions
for AMIs increased in the two months following those
attacks.26 However, an analysis of cardiac mortality in New
York City in the month following the attacks revealed no
increase in the number of deaths compared to several con-
trol years.27 One of the few studies that examined the
effects of the terrorist attacks at remote locations showed a
general decrease in the number of emergency department
visits following the attacks, but did document an increase in
the number of diagnoses related to cardiac ischemia.

At 10:54 hours (h) on 28 February 2001, one of the
largest recorded earthquakes in Washington state history
struck in Nisqually, Washington. Later that year, in an
unprecedented attack in the United States, terrorists
hijacked four commercial airplanes, resulting in the deaths
of >3,000 people. The hypothesis of this study was that the
Nisqually earthquake and the 11 September 2001 terrorist
attacks would be associated with an increase in sudden car-
diac deaths in the areas of Washington state most affected
by these events. Institutional research board approval was not
needed, since death certificate data are available to the public.

Methods
Data Collection and Definitions
Classification of Sudden Cardiac Death—The Washington
state Department of Heath records the cause and location
of death for all decedents in the state of Washington. For
this study, sudden cardiac death was classified using the cri-
teria of Zheng et al, which defined a sudden cardiac death as
International Classification of Diseases-10 (ICD-10)
codes 100-1002,105-109,111-128, or 133-151, and the loca-
tion was out-of-hospital or in the emergency depart-
ment.29 Deaths that occurred in-hospital were excluded
from this investigation.

Classification of Exposure Period—The 48-hour and one-
week periods after the disaster events were chosen as the
exposure periods before the study began. The 48-hour time
period was selected because evidence from the 1994
Northridge, California earthquake indicated that the
increased risk of sudden cardiac death occurred during the
first two days. Following that earthquake, the incidence of
sudden cardiac deaths was below the average,19 so the
seven-day period after the Nisqually earthquake was exam-
ined in order to determine whether the death rate similar-
ly decreased. The duration of psychological distress after
the unprecedented 11 September terrorist attacks was
uncertain, but it was hypothesized that the stress would be
greatest immediately following the attacks, so 48-hour and
one-week periods following these events also were exam-

ined. Unexposed (control) periods for comparison were the
48-hour and one-week periods for the one, two, and three
weeks prior to the disaster events, as well as the correspond-
ing 48-hour and one-week periods in 1999 and 2000,
matched to the day of the week, since rates of cardiac events
have been shown to vary by day of week.30 When evaluating
the earthquake event, time periods began at 10:54 h and
extended 48 hours and seven days. For the analysis of the 11
September attacks, the time periods began when the first
plane struck the World Trade Center at 05:46 h (Washington
time), and similarly extended 48 hours and seven days.

Classification of Exposure Area—The Nisqually earthquake
chiefly affected four counties in Washington: Thurston,
Pierce, King, and Snohomish. The primary earthquake
analyses included sudden cardiac deaths that occurred in
these four counties. Secondarily, sudden cardiac deaths that
occurred in Washington State outside the four affected
counties also were evaluated.

For the 11 September terrorist attacks, the distress may
have been especially high in urban centers, as these com-
munities were perceived to be the most likely targets of ter-
rorism. The analyses for 11 September included sudden
cardiac deaths that occurred in King County, the most
populous county (1.8 million people) in Washington.
Secondarily, sudden cardiac deaths in the rest of
Washington State also were evaluated, since the unique
nature of the events may have had more widespread effects.

Statistical Analysis
The count of sudden cardiac deaths for the time periods and
counties of interest was determined. A comparison of counts
was made between the "exposed" groups (those who died
immediately following the Nisqually earthquake or the 11
September attacks) and the mean value for the counts in the
"unexposed" groups (those who died during the correspond-
ing control periods) using /-tests for independent samples.
All ̂ -values are two-tailed. Analyses were performed using
the software package SPSS 11.0 (SPSS, Inc., Chicago, IL).

Results
During the 48 hours following the Nisqually earthquake,
32 sudden cardiac deaths occurred in the affected four
counties, compared to an average of 22.0 ±3.5 (standard
deviation) in the same four counties during the control
periods, constituting a 45% increase in incidence (p = 0.02)
(Figure 1). Outside of the four affected counties of
Washington state, 18 sudden cardiac deaths occurred during
the 48-hour period following the earthquake, compared to an
average of 19.1 ±4.8 during the control periods (p - 0.83).

When the period of interest was extended to one week,
94 sudden cardiac deaths took place in the affected four
counties, compared to an average of 79.2 ±12.4 during the
control periods (p = 0.28). In all other counties in Washington,
82 sudden cardiac deaths occurred during the week follow-
ing the earthquake, compared an average of 76.1 ±9.6 for
the control weeks (p = 0.57).

During the 48 hours following the terrorist events of 11
September 2001, eight sudden cardiac deaths occurred in
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Figure 1—Counts of sudden cardiac deaths in four Washington State counties affected by the Nisqually Earthquake in the
48 hours following the earthquake and 11 control periods
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Figure 2—Counts of sudden cardiac arrest deaths iti an urban Washington State county in the 48 hours following the 11
September 2001 terrorist attacks and 11 control periods
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King County, Washington compared to an average of 9.2 ±3.0
in King County during the control periods (p = 0.71) (Figure
2). In all other counties in Washington state, 24 sudden cardiac
deaths occurred during the 48 hours following the event, com-
pared to an average of 24.6 ±5.6 for control periods (f = 0.92).
During the week following the 11 September events, 35 car-
diac death events occurred in King County, compared to an
average of 33.7 ±4.0 for the corresponding control periods
(p = 0.77). In other Washington state counties, 105 sudden
cardiac deaths took place during the week following the 11
September disaster, compared to an average of 93.0 ±10.4
for the control periods (/> = 0.29).

Discussion
This investigation evaluated the relationship between dis-
aster-producing events and the risk of sudden cardiac
death. A local disaster due to natural causes, the Nisqually
earthquake, was associated with a 45% increase in the num-
ber of sudden cardiac deaths during the first 48 hours after
the earthquake in the affected counties. No increase in sud-
den cardiac deaths was observed among the Washington
state counties that did not experience the earthquake. No
increase in the incidence of sudden cardiac death following
the 11 September attacks was observed for the subsequent
48-hour or one-week periods either on a state-wide basis
or in the major metropolitan county in Washington.

Several studies have suggested potential pathological
mechanisms by which disasters related to natural hazards
could produce physiological effects that in turn would
increase the risk for sudden cardiac death. Natural disasters
such as earthquakes may increase heart rate, blood pressure,
markers of inflammation, and blood viscosity.2'-*1*32 An
increase in the incidence of sudden cardiac death occurred
in the affected counties, but not in the other Washington
state counties for the 48 hours following the Nisqually
earthquake. Over the course of a full week, however, no dif-
ference among the affected counties was evident. This find-
ing suggests that the time window of elevated risk may be
approximately two days, similar to that observed in the
investigation of sudden cardiac death following the
Northridge earthquake.19 However, the magnitude of
increased risk following the Nisqually earthquake was con-
siderably less than the five-fold increase that was observed
after the Northridge earthquake. This difference may be
attributed to the locations of the epicenters (the
Northridge earthquake occurred in the heart of the Los
Angeles metropolitan area, whereas the Nisqually epicenter
was almost 30 miles from the nearest heavily populated
area), the times of day the earthquakes occurred (early
morning in the Northridge earthquake versus late morning
in the Nisqually earthquake), the depths of the earthquakes
(the Northridge was centered 18 kilometers below ground,
compared to 52 kilometers in the Nisqually), and/or the
methods of identification of sudden cardiac deaths (med-
ical examiner records for the Northridge study compared to
death certificates for the Nisqually investigation).

While previous studies have shown increases in cardiac
events following earthquakes in other cities,",17-19 j - n e s e

earthquakes directly resulted in widespread structural dam-
age, injuries, and deaths. The Nisqually earthquake, on the
other hand, though large, caused relatively little physical
damage or injuries, and no deaths from traumatic causes.
The fact that an increase in sudden cardiac deaths was
detected in the days immediately following the Nisqually
earthquake contributes to the hypothesis that psychologi-
cal, rather than physical, stress is a major contributor to deaths
from cardiac causes following events related to natural hazards.

Symptoms of stress following the 11 September attacks
were far reaching, with 90% of US adults reporting one or
more symptoms of substantial stress as a result of the
attacks.12 However, no increases in sudden cardiac deaths
following this event in the major urban center of King
County or in Washington state overall were observed.
These findings are consistent with reports that have shown
no increase in cardiovascular mortality in New York City in
the month following the 11 September attacks. This event
was unprecedented in the United States, with presumably
complex psychological consequences that may not increase
sudden cardiac death risk.27 Moreover, the level of psycho-
logical distress caused by the 11 September attacks was
closely correlated to proximity to the events.12 The fact
that Washington state was geographically remote from the
attacks may indicate that the level of stress was insufficient
to substantially influence the risk for sudden cardiac death.
Furthermore, the most appropriate time window for assess-
ment of sudden cardiac deaths related to terrorist attacks
may be a much longer period of observation than two or
seven days.

This study had several limitations. The use of death cer-
tificates to assess sudden cardiac death has been shown to
misclassify the cause of death.29'33 However, there is no
reason to believe that this classification would have differed
between the exposed and unexposed time periods used in
this study, and therefore, any misclassification that may
have occurred probably would have resulted in bias toward
the null. In addition to psychological stress, excessive phys-
ical exertion, missed medications or other therapeutics,
and/or delays in accessing or delivering emergency care
may have elevated risk of death following the earth-
quake.34'35 Regarding this last factor, the earthquake could
have limited or delayed emergency medical services or hos-
pital access by increasing the number of patients (with or
without cardiac events). Though outside the scope of this
study, disaster events can increase patient volumes and
affect triage decisions, and this, in turn, potentially could
affect cardiac arrest treatment. Finally, these analyses
involved the population of Washington state, where demo-
graphic or health characteristics may be distinct, and these
findings may not be generalizable to other populations.36

Conclusions
A local disaster caused by a naturally occurring hazard, but
not a geographically remote human disaster, was associated
with an increased risk of sudden cardiac death in four
counties in Washington state. Future studies should focus
on identifying mechanisms by which physiological
responses to stress may lead to cardiac events.

Prehospital and Disaster Medicine http://pdm.medicine.wisc.edu Vol. 22, No. 4

https://doi.org/10.1017/S1049023X00004921 Published online by Cambridge University Press

https://doi.org/10.1017/S1049023X00004921


Gold, Kane, Sotoodehnia, et al 317

References
1. Stalnikowicz R, Tsafrir A: Acute psychosocial stress and cardiovascular

events. AmJEmerg Med 2002;20:488-491.
2. Lin LY, Wu CC, Liu YB, et al: Derangement of heart rate variability during

a catastrophic earthquake: A possible mechanism for increased heart attacks.
Pacing Clin £tere/>AyJw/2001;24:1596-1601.

3. Toiler GH: Triggering and the pathophysiology of acute coronary syn-
dromes. Am Heart] 1997;134:S55-S61.

4. Pignalberi C, Ricci R, Santini M: Psychological stress and sudden death. Ital
Heart] Suppl 2002;3:1011-1021.

5. Strike PC, Steptoe A: Behavioral and emotional triggers of acute coronary syn-
dromes: A systematic review and critique. Psycbosom Afe/2005,67:179-186.

6. Servoss SJ,JanuzziJL, MullerJE: Triggers of acute coronary syndromes. Prog
Cardiovasc Dis 2002;44:369-380.

7. US Centers for Disease Control and Prevention (CDC): Assessment of
health-related needs after Hurricanes Katrina and Rita—Orleans and
Jefferson Parishes, New Orleans area, Louisiana, October 17-22, 2005.
MAW.R2006;55:38-41.

8. Goenjian AK, Molina L, Steinberg AM, et al: Posttraumatic stress and
depressive reactions among Nicaraguan adolescents after hurricane Mitch.
Am J Psychiatry 2001;158:788-794.

9. Goenjian AK, Steinberg AM, Najarian LM, et al: Prospective study of post-
traumatic stress, anxiety, and depressive reactions after earthquake and polit-
ical violence. Am J Psychiatry 2000,157:911-916.

10. Livanou M, Kasvikis Y, Basoglu M, et al: Earthquake-related psychological
distress and associated factors 4 years after the Parnitha earthquake in
Greece. Eur Psychiatry 2005;20:137-144.

11. Montazeri A, Baradaran H, Omidvari S, et al: Psychological distress among
Bam earthquake survivors in Iran: A population-based study. BMC Public
Health 2005;5:4.

12. Schuster MA, Stein BDJaycox L, et al: A national survey of stress reactions after
the September 11,2001, terrorist attacks. Ar£n£//AW2001;345:1507-1512.

13. Galea S, Ahern J, Resnick H, et al: Psychological sequelae of the September
11 terrorist attacks in New York City. NEnglJ Med 2002;346:9S2-9S7.

14. Ho JE, Paultre F, Mosca L: Lifestyle changes in New Yorkers after
September 11,2001 (Data from the Post-Disaster Heart Attack Prevention
Program).yfr«./CWi«/2002;90:680-682.

15. Tsai CH, Lung FW, Wang SY: The 1999 Ji-Ji (Taiwan) earthquake as a trig-
ger for acute myocardial infarction. Psychosomatics 2004;45:477-482.

16. Kalsouyanni K, Kogevinas M, Trichopoulos D: Earthquake-related stress
and cardiac mortality. Int J Epidemiol 1986;15:326-330.

17. Watanabe H, Kodama M, Okura Y, et al: Impact of earthquakes on
Takotsubo cardiomyopathy./yfiVM 2005;294:305-307.

18. Ogawa K,Tsuji I, Shiono K,etal: Increased acute myocardial infarction mor-
tality following the 1995 Great Hanshin-Awaji earthquake in Japan. Int J
Epidemiol 2000;29:449-455.

19. Leor J, Kloner RA: The Northridge earthquake as a trigger for acute myocar-
dial infarction.^m/ Cardiol 1996;77:1230-1232.

20. Kloner RA, Leor J, Poole WK, et al: Population-based analysis of the effect
of the Northridge Earthquake on cardiac death in Los Angeles County,
California. ]Am Coll Cardiol 1997;30:1174-1180.

21. Brown DL: Disparate effects of the 1989 Loma Prieta and 1994 Northridge
earthquakes on hospital admissions for acute myocardial infarction:
Importance of superimposition of triggers. Am Heart J 1999;137:830-836.

22. Meisel SR, Kutz I, Dayan KI, et al: Effect of Iraqi missile war on incidence
of acute myocardial infarction and sudden death in Israeli civilians. Lancet
1991;338:660-661.

23. KarkJD, Goldman S, Epstein L: Iraqi missile attacks on Israel.The associa-
tion of mortality with a life-threatening stressor./^AM 1995;273:1208-1210.

24. Mihatov S, Bergovec M, Prpic H, et al: Incidence and hospital mortality of
acute coronary artery disease among civilians in Zagreb during air-raid
alarms. Ada Med Croatica 1995;49:49-52.

25. Feng J, Lenihan DJJohnson MM, et al: Cardiac sequelae in Brooklyn after
the September 11 terrorist attacks. Clin Cardiol 2006;29:13-17.

26. Allegra JR, Mostashari F, Rothman J, et al: Cardiac events in New Jersey after
the September 11,2001, terrorist attack./ Urban Health 2005;82:358-363.

27. Chi JS, Poole WK, Kandefer SC, et al: Cardiovascular mortality in New York
City after September 11,2001. ̂ m/Can/io/2003;92:857-861.

28. Johnston SC, Sorel ME, Sidney S: Effects of the September 11th attacks on
urgent and emergent medical evaluations in a Northern California managed
care plan. ^m/M«/2002;113:556-562.

29. Zheng ZJ, Croft JB, Giles WH, et al: Sudden cardiac death in the United
States, 1989 to 1998. Circulation 2001,104:2158-2163.

30. Peters RW, Brooks MM, Zoble RG, et al: Chronobiology of acute myocar-
dial infarction: Cardiac arrhythmia suppression trial (CAST) experience. Am
J Cardiol 1996;78:1198-1201.

31. Parati G, Antonicelli R, Guazzarotti F, et al: Cardiovascular effects of an
earthquake: direct evidence by ambulatory blood pressure monitoring.
Hypertension 2001;38:1093-1095.

32. Matsuo T, Suzuki S, Kodama K, et ah Hemostatic activation and cardiac events
after the 1995 Hanshin-Awaji earthquake. Int JHemato/1998,67-.123-129.

33. Iribarren C, Crow RS, Hannan PJ, et al: Validation of death certificate diag-
nosis of out-of-hospital sudden cardiac death. Am] Cardiol 1998;82:5O-53.

34. Siscovick DS, Weiss NS, Fletcher RH, et al: The incidence of primary car-
diac arrest during vigorous exercise. NEnglJ Med 1984;311:874-877.

35. Noji EK:The public health consequences of disasters. Prehospital Disast Med
2000;15:147-157.

36. Mayer JD: Medical geography. An emerging discipline. JAMA
1984-^51^680-2683.

July-August 2007 http://pdm.medicine.wisc.edu Prehospital and Disaster Medicine

https://doi.org/10.1017/S1049023X00004921 Published online by Cambridge University Press

https://doi.org/10.1017/S1049023X00004921



