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When Throughout the Year Is Coronary Death
Most Likely to Occur?
A 12-Year Population-Based Analysis of More Than 220 000 Cases

Robert A. Kloner, MD, PhD; W. Kenneth Poole, PhD; Rebecca L. Perritt, MS

Background—Previous studies have suggested that there is an increase in cardiac events in the morning. Fewer data relat

cardiac events to months of the year and season.

Methods and Results—We analyzed all monthly death certificate data from Los Angeles County, California, for death

caused by coronary artery disease from 1985 through 199@28 265). The mean number of deaths was highest in
December at 1808 and January at 1925; the lowest rates were in June, July, August, and September at 1402, 1424, 141
and 1371, respectively. December and January had significantly higher rates than would be expected from a uniform
distribution of monthly deathsP(=0.00001). The percent of yearly coronary deaths was defined by the quadratic
U-shaped equation [percent=13.1198—1.5238(month)+0.0952(Mowmthere Januaryl, February=2, etc]. When
monthly deaths were plotted by year, there was a decrease from 1985 through 1996. Monthly mortality correlated
inversely with temperature. During the months with the highest frequency of death (December, January), however, there
was an increase in deaths that peaked around the holiday season and then fell, which could not be explained solely or
the basis of the daily temperature change.

Conclusions—Even in the mild climate of Los Angeles County, there are seasonal variations in the development of

coronary artery death, wite*33% more deaths occurring in December and January than in June through September.
Although cooler temperatures may play a role, other factors such as overindulgence or the stress of the holidays might

also contribute to excess deaths during these peak tif@esulation. 1999;100:1630-1634.)
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Recent studies have suggested that ischemic events, in-of the country where temperatures are mild throughout the
cluding acute myocardial infarction, can be triggered by year (Los Angeles County, California), whether these pat-
certain stressors. One such stressor is wake-up time; hence, gerns have changed over a 12-year interval, and whether these
circadian pattern to ischemia has been obseh?efingina patterns correlate with changes in temperature and the winter
pectoris, silent myocardial ischemia, acute myocardial infarc- holiday season.

tion, and sudden cardiac death typically increase in frequency
between 6am and noort2 Most commonly, these events
occur within the first few hours of patients’ waking and
moving around. Fewer data are available on the effects of Methods

months of the year, seasons, temperatures, and holidays oIl monthly death certificate data from the Los Angeles County'’s
cardiac events. Although some studies have suggested arDepartment of Health Services Data Collection and Analysis Unit for
increase in cardiac events during the winter moathsthers heart disease due to coronary artery disease were analyzed from 1985

conducted in cities in the southern half of the United States rough 1996. We used the International Classification of Diseases,
9th revision (ICD-9), codes for ischemic heart disease and athero-

have suggested an increase in cardiac events during thesclerotic heart disease and chose the following specific codes: 410
summer’® Fewer data have shown whether these patterns through 414, ischemic heart disease, which includes 410 (acute

change over a long period of time, have indicated the effect of myocardial infarction), 411 (other acute and subacute forms of
seasons in areas where the weather is very mild, or haveischemic heart disease), 412 (old myocardial infarction), 413 (angina
concentrated on daily deaths during the time of year when Pectoris), and 414 (other forms of ischemic heart disease); 429.2
. . . - ardiovascular disease, unspecified with arteriosclerosis, which
death caused by cardiac @sease is the highest. The purpose Ghcludes arteriosclerotic cardiovascular disease and cardiovascular
our study was to determine when throughout the year death arteriosclerosis): and 429.7 (sequelae of myocardial infarction),

resulting from coronary artery disease was highest in an areaincluding 429.79 (mural thrombosis, acquired, after myocardial
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infarction). Data on the number of daily deaths and atherosclerotic would be expected from a uniform distribution of monthly
heart disease were obtained during November, December, anddeaths (P=0.00001). Figure 1B shows the percent of yearly
January to investigate in more detail this time period around the deaths from coronary artery disease by month, again showing

winter holiday season, when death rates appeared to increase. ks in J d D b ith dir f 3
Average daily minimum and maximum temperatures for Los peaks In January an ecember, with a nadir from June

Angeles were provided by the Western Regional Climate Center through September. For percent of yearly coronary deaths,
(Reno, Nev). Statistical analyses were performed by Researchthe relationship was defined by this quadratic U-shaped
Triangle Institute (Research Triangle, NC). equation:

The average percentage of deaths by month was modeled by use

of PROC MIXED in SAS to determine the monthly trend. The 4
months were modeled with month (taking on values of 1 through 12 Percent=13.1198-1.5238(month)-6.0952(montf)

for January through December, respectively) and month squared asyhere month=1 for January, 2 for February, etc.
|n_dependent varlables._A repeated-measures mode_l was run twice Figure 1C shows monthly deaths plotted by year. There
with the use of 2 covariance structures, autoregressive and unstruc- .
tured. The unstructured model proved to be the better model and is tended to be an overall reduc?tlon from 1985 through _1996’
the one reported. but the shape of the curves, ie, a U-shaped quadratic, was
maintained over the course of the 12 years. In 1985, there
Results were 19 510 (0.243%) coronary deaths out of a population of
The mean number of monthly deaths resulting from coronary 8 018 210; from 1985 through 1996, the number of coronary
artery disease averaged over the 12 years is shown in Figuredeaths decreased (16 411 in 1996 [0.174%)]) while the pop-
1A. The mean number of deaths was highest in December atulation of LA County increased (9 449 563).
1808 and January at 1925. The lowest numbers of deaths Figure 2 plots average monthly maximum and minimum
occurred in June, July, August, and September at 1402, 1424 temperatures throughout the year versus average monthly
1418, and 1371, respectively. Thus, rates in December andcoronary deaths. Monthly deaths correlated negatively with
January were=33% higher than in June through September. minimum (r=-0.877) and maximum @& —0.843)
December and January had significantly higher rates thantemperatures.
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Figure 2. Number of coronary artery deaths (CAD) per month (top) plotted against average monthly maximum and minimum
temperatures.

To examine the number of coronary deaths by day during Discussion
the winter holiday season, when deaths were most frequent,The results of this study suggest the following. First, there is
we focused on daily death rates during that time. We plotted a temporal relationship of coronary artery death throughout
daily death during November, December, and January (Fig- the year, with the highest number of deaths in December and
ure 3). Thanksgiving, Christmas, and New Year's Day are January and the lowest numbers in summer and early fall,
marked. During the first 3 weeks of November, average despite the relatively mild climate of southern California.
deaths were about 48; starting at about the time of Thanks- Second, the increase in death during the winter peaks around
giving, there was a rapid increase, which continued through- the winter holiday period. Third, deaths on a monthly basis
out the month of December, peaking around New Year's Day are correlated with cooler temperatures. This could be related
to about 68 deaths per day and then declining after the first 0 increased cardiac workload during the winter, higher
week of the new year. coronary and vascular resistance induced by cold, higher

Average minimum and maximum daily temperatures were l00d pressure during the winter, and higher fibrinogen levels
plotted against average daily deaths caused by coronary'€POrted in winter. Fourth, during the 2 months with the
disease during the 2 peak months. As shown in Figure 4, the highest number of deaths, daily temperature correlated

increase in deaths in December and decrease in January di(’j"eakly with daily coronary death. Specifically,_while deaths
not correlate closely with decreases in temperature during increased throughout December and then declined throughout

. . - January, minimum daily temperature remained relatively flat,
December or increases during January. In fact, minimum . ) .
. . and maximum temperature showed minor fluctuations. These
temperature remained relatively flat from December 14 to

. . bservations suggest that during the months of December and
January 31. The correlation between average daily deaths an 7 o
anuary, when coronary death is at its highest, other factors
temperature for December and January was-0.38 for

o daily t ture aned—0.45 f besides temperature could contribute to the increase in deaths
average minimum dally temperature 4o for aver- in December and the decrease after January 1. Factors such as
age maximum daily temperature.
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ovember Figure 4. Average daily coronary deaths in December and Jan-

Figure 3. Total coronary deaths by day for November, Decem-
ber, and January (averaged over 12 years). Deaths increased at
about Thanksgiving (gray rectangular box), increased through
December, and peaked around New Year’s Day. They then
decline after the first week of new year and continue to decline
throughout January. Arrow indicates Christmas.

uary (heavy black line) plotted against average minimum daily
temperature (dotted line) and average maximum daily tempera-
ture (thin black line). Although average daily deaths increased
during December, minimal temperature remained relatively flat,
and maximum temperature fell slightly. Arrow indicates
Christmas.
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superimposed respiratory infections could play a role. Also, trend toward an additional seasonal peak in September;
the increased deaths from Thanksgiving to New Year’'s Day perhaps related to the stress of returning to work after the
could be related to such behavioral changes around thesummer holiday. Seasonal changes in hemodynamics might
holiday time as increased food, salt, and alcohol consump- contribute to seasonal variation in acute myocardial infarc-
tion. The emotional and psychological stregsésof the tion. For example, Argiles et &lrecently reported that blood
holidays might also contribute. It is unlikely that this phe- pressure was higher during the winter compared with summer
nomenon is due to the migration of elderly populations into months in patients with end-stage renal disease. Other stud-
Los Angeles County during the winter or the migration out jess6.18have suggested that cold temperatures are associated
during the summer; the “snowbird” phenomenon seen on the with increases in myocardial infarction. A recent study by
east coast of the United States is not prevalent in Los Sheth et &P carried out in Canada showed that elderly
Angeles, and summer temperatures tend to be mild. In patients exhibited a greater increase in mortality from myo-
addition, deaths of nonresidents are not counted in vital cardial infarction and stroke during the winter compared with
statistics. Another potential factor that could play a role is an younger patients.
increase in particulate pollution caused by increased wood As mentioned, not all studies suggest that the winter
burning during the holiday seaséh. months are associated with the highest incidence of cardiac
Previous studies that have examined the effect of seasonsevents. One older study from Dallas, Tex, involving 283 931
and temperature on cardiac events have shown variablenospital admission reported the highest frequency of myocar-
results. Spencer et 'alrecently reported results from the  gjal infarcts during the very hot seasoi study by DePas-
Second National Registry of Myocardial Infarction on sea- quale and Burch observed that the incidence of acute
sonal variation on myocardial infarction. Of the 10 geograph- myocardial infarction increases in the summer in New Or-
ical areas, 9 reported a seasonable variability in number of |ggns, La. Finally, Freeman etakhowed that in Tasmania,
cases, with a peak in winter followed by progressively fewer \ynere the weather is temperate, maximum and minimum
cases in fall, spring, and summer. One area, the west northiemperatures accounted for only 9.7% and 12.6%, respec-
central states, did not follow this pattern; there, fall was {jyely, of the monthly variation in acute myocardial
slightly worse than winter. In that study, California was istarction.

lumped with Washington, Oregon, Alaska, Hawaii, and |5 symmary, our study suggests that even in the rela-
Guam, so data on southern California alone were not tyely mild climate of southern California, there is a

provided. . seasonal variability to coronary death, with rates in De-
/A study by Marchant et alin England also observed & comper and January33% higher than in June through
winter peak in myocardial infarcts (actually peaking in  gentember. There was an overall decrease in mortality due

February). In their study, there was an excess of infarctions coronary artery disease from 1985 through 1996, which
on colder days during both winter and summer. Admission is consistent with another recent rep@rtAlthough

rate for infarction was inversely correlated to minimum daily monthly cardiac death correlated inversely with monthly

temperature. This was not th_e pattern_lr_l our study in Los temperature, during the months with the highest death rates
Angeles, where, despite a fairly flat minimum temperature pocomper and January), there was an increase in cardiac

during De%emt;]er and ‘]Zmlj\lary’ t$ere’waDs a mgrfked mcreashe Neaths that peaked on January 1 that could not be explained
coronary deaths towar ew rears Lay. course, the solely on the basis of temperature change. Other factors,

temperatgreihlrt]hLos AangeITs gurmgt';]hese rr:qgtr:.s a][e ;mld including overindulging or the stress related to the holiday
compared wi ose of England, so other contributing factors o<1 “could be important.

besides cold may have a chance to play a greater role.
Beard et &P examined sudden cardiac deaths in Rochester,

Minn, and observed that they were more common on Satur- References

days than other day of the week. However, there was no 1. Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler CA, Parker C,

statistically significant difference in frequency of sudden Poole WK, Passamani E, Roberts R, Robertson T, Sobel BE, Willerson

cardiac death by season. Baker-Bloékestudied cardiovas-
cular mortality in Minneapolis-St Paul, Minn, and observed
that air temperature was not a significant factor in triggering
cardiovascular mortality in 4 of 5 winters. During 1 winter
(1976 through 1977), 15% of variance in daily cardiovascular
mortality was attributable to fluctuations in daily minimum

JT, Braunwald E, for the MILIS Study Group. Circadian variation in the
frequency of onset of acute myocardial infarctibhEngl J Med. 1985;
313:1315-1322.

. Muller JE, Abela GS, Nesto RW, Tofler GH. Triggers, acute risk factors

and vulnerable plagues: the lexicon of a new frontiehm Coll Cardiol
1994;23:809-813.

3. Enquselassie F, Dobson AJ, Alexander HM, Steele PL. Seasons, tem-

perature, and coronary diseasgt J Epidemiol. 1993;2:632—636.

air temperature. They concluded that snow was more impor- 4. Mannino JA, Washburn RA. Environmental temperature and mortality
tant in triggering deaths from heart disease than air temper-  from acute myocardial infarctiorint J Biometeorol. 1989;313:32-35.
ature. There have been previous reports of increased cardiac > Marchant B, Ranjadayalan K, Stevenson R, Wilkinson P, Timmis AD.

events during blizzards; presumably, at least part of this
finding was due to snow shovelirig.

Speilberg et &b analyzed day of the week and seasonable 6.

variability in myocardial infarction patients in Germany.
Myocardial infarction occurred more commonly from Janu-
ary through March. Interestingly, working patients had a

Circadian and seasonal factors in the pathogenesis of acute myocardial
infarction: the influence of environmental temperatBeHeart J 1993;
69:385-387.

Thakur CP, Anand MP, Shahi MP. Cold weather and myocardial
infarction. Int J Cardiol. 1987;16:19-25.

. Heyer HE, Teng HC, Barris W. The increased frequency of acute myo-

cardial infarction during summer months in a warm clim#ts Heart J.
1953;45:741-746.


http://circ.ahajournals.org/

/102 ‘2T Afenuer uo 1s9nb Aq /Bio'sfeulnofeye-a.aio//:dny wouy pepeojumoq

1634

8.
9.
10.
11.

12.

13.

14.

15.

Circulation October 12, 1999

DePasquale NP, Burch GE. The seasonal incidence of myocardial 16.

infarction in New OrleansAm J Med Sci. 1961;242:468—474.
Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by an

earthquakeN Engl J Med. 1996;334:413-419. 17.

Jenkins CD. Recent evidence supporting psychological and social risk
factors for coronary diseash. Engl J Med. 1976;294:987-994.

Fairley D. The relationship of daily mortality to suspended particulates in Santa 18.

Clara County, 1980—-198&nviron Health Perspeci990;89:159-168.

Spencer FA, Goldberg RJ, Becker RC, Gore JM. Seasonal distribution of 19.

acute myocardial infarction in the Second National Registry of Myo-
cardial Infarction.J Am Coll Cardiol. 1998;31:1226-1233.

Beard CM, Fuster V, Elveback LR. Daily and seasonal variation in 20.

sudden cardiac death, Rochester, Minnesota, 1950-19@go Clin
Proc. 1982:57:704-706.

Baker-Blocker A. Winter weather and cardiovascular mortality in 21.

Minneapolis-St. PaulAm J Public Health. 1982;72:261-265.
Zack MM, Glass RI. Increase in deaths from ischaemic heart disease after
blizzards.Lancet. 1979;1:485-487.

Speilberg C, Falkenhahn D, Willich SN, Wegscheider K, Voller H. Circadian
day-of-week, and seasonal variability in myocardial infarction: comparison
between working and retired patientsn Heart J 1996;132:579-585.

Argiles A, Mourad G, Mion C. Seasonal changes in blood pressure in
patients with end-stage renal disease treated with hemodialydtng|

J Med. 1998;339:1364-1370.

Mannino JA, Washburn RA. Environmental temperature and mortality
from acute myocardial infarctiorint J Biometeorol. 1989;33:32-35.
Sheth T, Nair C, Muller J, Yusaf S. Increased winter mortality from acute
myocardial infarction and stroke: the effect of ageAm Coll Cardiol
1999;33:1916-1919.

Freeman JW, McGlashan ND, Loughhead MG. Temperature and the
incidence of acute myocardial infarction in a temperate clima®.
Heart J. 1976;92:405-407.

Rosamond WD, Chambless LE, Folsom AR, Cooper LS, Conwill DE,
Clegg I, Wang CH, Heiss G. Trends in the incidence of myocardial
infarction and in mortality due to coronary artery disease, 1987 to 1994.
N Engl J Med. 1998;339:861—867.


http://circ.ahajournals.org/

/102 ‘2T Afenuer uo 1s9nb Aq /Bio'sfeulnofeye-a.aio//:dny wouy pepeojumoq

Associatione

' I ez American
QLm_u.l.aIJQD “ Heart

When Throughout the Year |s Coronary Death Most Likely to Occur?: A 12-Y ear
Population-Based Analysis of More Than 220 000 Cases
Robert A. Kloner, W. Kenneth Poole and Rebecca L. Perritt

Circulation. 1999;100:1630-1634

doi: 10.1161/01.CIR.100.15.1630
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 1999 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/100/15/1630

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/100/15/1630
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

