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The morbidity and mortality associated with the 1980 heat wave in St
Louis and Kansas City, Mo, were assessed retrospectively. Heat-related
illness and deaths were identified by review of death certificates and
hospital, emergency room, and medical examiners' records in the two cities.
Data from the July 1980 heat wave were compared with data from July 1978
and 1979, when there were no heat waves. Deaths from all causes in July
1980 increased by 57% and 64% in St Louis and Kansas City, respectively,
but only 10% in the predominantly rural areas of Missouri. About one of every
1,000 residents of the two cities was hospitalized for or died of heat-related
illness. Incidence rates (per 100,000) of heatstroke, defined as severe heat
illness with documented hyperthermia, were 26.5 and 17.6 for St Louis and
Kansas City, respectively. No heatstroke cases occurred in July 1979.
Heatstroke rates were ten to 12 times higher for persons aged 65 years or
older than for those younger than 65 years. The ratios of age-adjusted
heatstroke rates were approximately 3:1 for nonwhite v white persons and
about 6:1 for low v high socioeconomic status. Public health preventive
measures in future heat waves should be directed toward the urban poor, the
elderly, and persons of other-than-white races.

(JAMA 1982;247:3327-3331)

HOT WEATHER can affect human
health adversely. High environmental
temperatures are a well-known haz¬
ard to military recruits,1 athletes,2
and to persons in certain occupations.
When unusually high temperatures
for a geographic area and population
continue for several days, rates of
mortality for all causes can increase
dramatically.36 Mortality increases
because of deaths directly attributa-

ble to the heat (eg, heatstroke) and
also because of an increase in deaths
for causes not apparently caused by
the heat (eg, heart disease, cerebro-
vascular accidents).' Most studies of
the health effects of heat waves are

See also pp 3332
and 3354.

reports on mortality indices or of
patients seen at a single medical-care
institution.8 There are few heat wave

morbidity investigations and few pop¬
ulation-based studies.9

The 1980 heat wave provided an

opportunity to study the effects of hot
weather on human health. We ob¬
tained population-based data on the
health effects of the heat wave in
Missouri—one of the most severely
affected states in the country.10 In

addition to assessing mortality
through review of death records, we

were able to estimate heat effects on

morbidity in both cities.

METHODS
St Louis weather data were obtained

from the National Weather Service station
at Lambert Field (19.2 km from downtown
St Louis) and from the Department of
Earth and Atmospheric Sciences of St
Louis University. Kansas City weather
data were obtained from the National
Weather Service stations at the two Kan¬
sas City airports, one located near down¬
town and the other 27.2 km from the
center of the city.

Illnesses or deaths that were attributed
to heat by attending medical personnel in
hospital or death records were defined as
heat related. This category includes the
classic heat-induced syndromes—heat¬
stroke, heat exhaustion, and heat
cramps—as well as diagnoses such as

angina pectoris exacerbated by heat. Heat¬
stroke was defined as a heat-related ill¬
ness with a documented antemortem or

postmortem body temperature of 41.1 °C
or greater, or a documented antemortem
temperature of 40.6 °C or greater, with
warm, dry skin (anhidrosis), altered men¬

tal status, or both.
Cases were identified by three methods:

review of records of 14 St Louis and 17
Kansas City acute-care hospitals; review
of medical examiners' records; and review
of death certificates. To estimate overall
health effects of the heat wave, total
hospital admissions, emergency room (ER)
visits, and deaths from all causes were

collected for June and July 1980 and
compared with the same periods in 1978
and 1979, both non-heat-wave years. Cases
and deaths of heatstroke and heat-related
illness were identified from information in

From the International Health Program Office (Dr
Jones), the Epidemiology Program Office (Drs Liang,
Griffin, Mullan, Choi, and Thacker), the Center for
Environmental Health (Dr Kilbourne), and the Center
for Prevention Services (Drs Patriarca and Fite
Wassilak), Centers for Disease Control, Atlanta; the
National Institute for Occupational Safety and
Health, Cincinnati (Mr Herrick); and the Missouri
State Department of Social Services, Jefferson City
(Dr Donnell).

Reprint requests to International Health Program
Office, Centers for Disease Control, Atlanta, GA
30333 (Dr Jones).

Downloaded From: http://jama.jamanetwork.com/ by a CDC-Information Center User  on 09/03/2013



hospital and medical examiner records.
During a case-control study of heat¬

stroke, 156 patients, or informants for
them, were asked the number of days of
illness before hospitalization or being dis¬
covered dead."

For St Louis, we used estimates of the
1979 midyear population (500,484) based
on projections from the 1970 US Census
from the city's Division of Vital Records
and Biostatistics. Sex distribution was

estimated using proportions of the 1970
census. For Kansas City, the 1980 census

preliminary estimate of 426,000 was used
for the total population. Since 1980 census

data for age, sex, and race were not
available, they were estimated by using
the proportions found in the 1970 census.

Age adjustment was by the direct method
using these data.

Census tracts were ranked by socioeco-
nomic status in quartiles: high, high-
middle, low-middle, and low. Socioeconom-
ic classification of census tracts was done
using three indicators obtained from the
1970 census: median school years com¬

pleted by persons aged 25 years or older,
proportion of housing units with 1.01 or

more persons per room, and proportion of
families below poverty level."

Statistical significance was tested by
the x; test for independence of factors.

RESULTS
In Kansas City, there were 17 con¬

secutive days with maximum temper¬
atures of 38.9 °C or greater, including
ten days when the temperature
reached 42.2 °C or above. In St Louis,
the maximum temperature was

37.8 °C or greater for 16 days, with
new all-time high records established
on four days. Air temperatures
recorded at the Kansas City down¬
town airport (KCDA) for the period
July 6 to 21, 1980, were higher than
those recorded at the suburban Kan¬
sas City International Airport. The
daily maximum temperature aver¬

aged 2.5 °C and the daily minimum
temperature averaged 4.1 °C higher
at the KCDA.

In both St Louis and Kansas City,
deaths from all causes increased in
July 1980 compared with July 1978
and July 1979 (Figs 1 and 2). In St
Louis, there were 850 resident deaths
in July 1980, compared with 542
deaths in July 1979, a 56.8% increase.
In Kansas City, there were 598 deaths
in 1980 and 362 in 1979, a 65.2%
increase for 1980. Deaths for the
remainder of Missouri, which is pre¬
dominantly rural, increased only
9.5% for July 1980 (3,210) compared

Fig 1 —Deaths, by date of occurrence, Kansas City, Mo, residents, June 1978 to July 1979
and 1980. Dotted line indicates mean values for 1978 to 1979 period; solid line, 1980.

Fig 2.
—

Deaths, by date of occurrence, St Louis, Mo, residents, June 1978 to July 1979 and
1980. Dotted line indicates mean values for 1978 to 1979 period; solid line, 1980.

with July 1979 (2,932) (Fig 3).
The total number of deaths re¬

ported by medical examiners was
much greater for July 1980 than for
July 1979 because of increased num¬
bers of deaths not attended by physi¬
cians. In Kansas City, there were 255
deaths reported by medical examiners
for July 1980 compared with 93
deaths for July 1979, a 174% increase.
In St Louis, there were 512 deaths
reported for July 1980, 273 (114%)
more than the 1979 total of 239. The
St Louis medical examiner classified
113 (22% ) of all July 1980 deaths as
heat related, while the Kansas City

medical examiner similarly desig¬
nated 133 (52%). The designation of
deaths as heat-related was based on
the circumstances in which the body
was found, body temperature, and
other factors.

In St Louis, the number of daily ER
visits for all causes during July 1979
and July 1980 was available for ten
hospitals representing 79.2% of the
city's adult, acute-care beds. There
were 27,641 ER visits in 1980 com¬

pared with 24,173 ER visits in 1979,
an increase of 3,468 (14.3% ). Daily ER
visits peaked in mid-July 1980 during
the period of maximum temperatures.

Downloaded From: http://jama.jamanetwork.com/ by a CDC-Information Center User  on 09/03/2013



A similar increase was found for
Kansas City, where information was

available for 14 hospitals, repre¬
senting 93% of the city's acute-care
beds. There were 20,903 ER visits in
1980 compared with 19,431 visits in
1979, a 7.6% increase. Of the July
1980 ER visits in Kansas City, 179
were designated by attending medical
personnel as heat related, whereas
none were so listed during July 1979.

Hospital admissions for all causes

increased slightly for July 1980. Data
for 11 St Louis hospitals (89.9% of the
city's acute-care beds) showed 17,423
admissions in July 1980 compared
with 16,576 admissions for July 1979,
a 5.1% increase. In Kansas City, 14
hospitals reported 12,885 admissions
for July 1980 compared with 12,690
admissions for July 1979, an increase
of 1.5%.

In St Louis, a total of 351 heat-
related hospital admissions and
deaths was found; in Kansas City, the
number was 433 (Table 1). In both St
Louis and Kansas City, the incidence
peaked in mid-July, and began to
decline before the end of the heat
wave (Figs 1, 2, and 4).

The city-wide heatstroke rates (per
100,000 of the population at risk) were
26.5 for St Louis and 17.6 for Kansas
City. In both cities, higher heatstroke
rates were found for three subpopula¬
tions: the elderly, the poor, and non-
whites. Although persons aged 65
years or older constituted approxi¬
mately 15% of the population, about
71% of the heatstroke cases occurred
in this age group, giving rates ten to
15 times higher than those for the
remainder of the population (Table 2).
Age-adjusted heatstroke rates were
three to six times higher for non-
whites than for whites (Table 3). The
age-adjusted heatstroke rates for
men and women were similar: 26.6 for
men and 25.0 for women in St Louis,
and 16.4 for men and 18.7 for women
in Kansas City. Age-adjusted heat¬
stroke rates were about six times
higher for persons residing in census

tracts in the lowest socioeconomic
quartile compared with the highest
socioeconomic areas (Table 4). Heat¬
stroke incidence increased with age,
independent of both race and socioeco¬
nomic status (P<.05). Our data were

not sufficient to demonstrate inde¬
pendent contributions of race or

socioeconomic status. Review of medi-

Fig 3.
—

Deaths, by date of occurrence, in Missouri residents, excluding residents of St Louis
and Kansas City, June 1978 to July 1979 and 1980. Dotted line indicates mean values for 1978
to 1979 period; solid line, 1980.

Table 1.—Heat-Related Illness Cases, by Category. Found Among
Medical Examiners' and Hospital Admission Records, St Louis (SL) and

Kansas City (KC), Mo, July 1980

Hospitalized
Dead on ,_,_,
Arrival Died Survived Total

_SL KC SL KC SL KC SL KC
Heatstroke (HS) 43 2 19 15 71 58 133 75
Non-HS, heat related 50 127 10 13 158 218 218 358
Total, Heat Related 93 129 29 28 229 276 351 433

Fig 4.—Heat-related illness by date of onset and daily maximum temperatures, St Louis,
Mo, July 1980.
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Table 2.—Heatstroke Rates, by
Age Group, St Louis and

Kansas City, Mo, July 1980

Rate per
A9e. 100,000 Persons

Group, _ _

yr St Louis Kansas City
0-18 0.0 0.0

19-44 3.4 2.1
45-64 28.5 23.6
>65 121.0 102.0

Table 3.—Age-Adjusted
Heatstroke, by Race, St Louis

and Kansas City, Mo, July 1980

Age-Adjusted Rate
per 100,000 Persons

Race St Louis Kansas City
White 15.1 9.3
Nonwhite 43.2 60.7

Table 4.—Age-Adjusted Heatstroke
Rates, by Socioeconomic Status of

Census Tract of Residence,
St Louis and Kansas City,

Mo, July 1980

Age-Adjusted Rate
Socio- per 100,000 Persons

economic
Status St Louis Kansas City

High 8.1 6.5
High-middle 19.6 5.3
Low-middle 44.5 23.0
Low 55.8 36.5

Table 5.—Number of Days Between
Reported Onset of Symptoms and

Hospitalization or Being Found
Dead, 156 Heatstroke Cases, Kansas

City and St Louis, Mo, July 1980

No.(%)of
No. of Heatstroke Cumulative
Days Cases Percentage

74
83
90

100

cal records at children's hospitals
during this study identified only five
cases of heat-related illness in infants
and no cases of heatstroke.

Based on information from inter¬
views of heatstroke survivors or fami¬
ly and friends of persons who died,
heatstroke illness appeared abruptly
(Table 5). Almost two thirds of the
130 cases for whom data are available
were reported to have had less than

one day of symptomatic illness before
hospitalization or being found dead.
Nearly three fourths had symptoms
for one day or less before the onset of
heatstroke.

COMMENT
This study documented the marked

adverse effects of the 1980 heat wave
on the health of large numbers of St
Louis and Kansas City residents.
During July 1980, about one of every
1,000 residents of St Louis (1/1,425)
and Kansas City (1/984) was hospital¬
ized or died because of heat-related
illness. Approximately one of every
5,600 residents of Kansas City and
one of 3,800 residents of St Louis met
the rigorous criteria for heatstroke
used in this study. Rates of illness
were similar for the two cities. Com¬
pared with a similar time period in
the non-heat-wave year of 1979, over¬

all morbidity and mortality increased
dramatically as did the classic heat-
induced syndromes. The morbidity
figures are minimum estimates of the
impact of the heat wave on health,
since persons with heat-related ill¬
nesses treated as outpatients by pri¬
vate physicians, at some public clin¬
ics, and by self care at home are not
included.

Not unexpectedly, heatstroke was
found to be a greater problem among
the elderly,'813 the poor," nonwhites,57
and city-dwellers."5"5 Heat casualties
among the aged might be explained,
in part, by impaired physiological
responses to heat stress. Persons old¬
er than 65 years are less likely to have
the capacity to increase cardiac out¬
put adequately and decrease systemic
vascular resistance during hot weath¬
er." Similarly, the efficiency of sweat¬
ing declines with increasing age."18
Acclimatization to hot weather may
also be impaired among elderly per¬
sons, particularly those who do not
live in hot climates year-round."20
Finally, the elderly are more likely to
have underlying diseases or to be
receiving medications (anticholiner-
gics, major tranquilizers, diuretics)
that have been reported to increase
the risk of heatstroke.

Our data show that, in the 1980
heat wave, residents of low socioeco¬
nomic status (SES) census tracts-
independent of age and race

(P<.05)—had higher rates of heat-
related illness, particularly heat-

stroke. One factor that could account
for high rates of heat-related illness
among the poor is their relative lack
of air-conditioning or other cooling
devices. In the 1970 St Louis census,
only about one fifth (19%) of the
residences in the lowest quartile SES
census tracts had air conditioning,
while about two thirds (66%) were so

equipped in the highest quartile cen¬
sus tracts. Other factors may contrib¬
ute to the higher rates of heat-related
illness among the poor, such as higher
prevalence of chronic disease and
delays in seeking care.21,22

The findings of other studies
regarding a possible racial predilec¬
tion for heatstroke are inconsistent.
Some investigators5 ' have found high¬
er rates of heat-related illness and
mortality among persons of races
other than whites, while others23,24
have shown no differences. Our study
found higher rates of heatstroke in
nonwhites, but the effect of race on
heatstroke could not be dissociated
from the potentially confounding ef¬
fect of low socioeconomic status.

This investigation documented
greater increases in mortality for all
causes comparing July 1980 with July
1979 in the cities of Kansas City
(+65%) and St Louis (+57%) than in
the predominantly rural remainder of
Missouri (+10%). Part of the expla¬
nation is higher temperatures in
cities compared with surrounding
suburban and rural areas (heat-
island effect).2526 The higher tempera¬
tures in cities have been attributed to
a variety of factors, including in¬
creased retention of solar heat by
buildings and pavement26; increased
heat production by higher concentra¬
tions of people, motor vehicles, and
factories; and decreased heat loss due
to the lower average wind velocities.
In addition, other unidentified eco¬
nomic and social differences between
city and rural residents may contrib¬
ute to the larger increases in death
rates in cities.

Some population groups fared bet¬
ter in the 1980 heat wave than in
those that occurred earlier in this
century. During earlier heat waves,
infants were at relatively higher risk
of death.2' Hyperthermia during ex¬

treme hot weather was found to be
particularly likely to develop in
infants with diarrhea, respiratory
tract infections, or neurological de-
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fects.23 The lack of severe heat-related
illness and death among young chil¬
dren in 1980 paralleled the 1966 find¬
ings of Schuman.14 Likewise, early in
the 20th century, deaths from heat¬
stroke were common among men 20 to
60 years old engaged in physically
demanding manual labor. As a result,
death rates from heatstroke were

higher for men than women for all
age groups.4 This study found similar
age-adjusted rates of heatstroke and
other heat-related illness for men and
women.

Heatstroke frequently developed
with little or no warning. Almost two
thirds of persons with heatstroke
were reported to have been ill less
than one day before being hospital¬
ized or found dead. A typical history
was that a person went to bed, appar¬
ently well, and was discovered severe¬

ly ill, unconscious, or dead the next
day. Therefore, even frequent obser¬
vation of persons at high risk may
yield little opportunity for therapeu¬
tic intervention in the majority of
severe cases.

Major heat waves with the poten¬
tial for causing increased mortality
and morbidity will occur in the
future, and public health measures
should be aimed at preventing heat-
related illness and death primarily
among the poor, the elderly, and
nonwhite persons.

High temperature, the number of

days the temperature is elevated, the
amount the temperature is in excess
of normal, high humidity, and lower
wind velocity have all been reported
to be associated with increased heat
stress in humans.7262829 Although the
use of one weather measurement, the
wet-bulb globe temperature, has re¬
duced heat casualties among military
recruits,' specific weather conditions
that constitute health threats for the
general population need to be estab¬
lished and assessed for use in pre¬
venting heat-related illness.

Another possibility for the early
detection of heat disasters is surveil¬
lance for heat-induced illness. The
beginning of serious adverse health
effects of a heat wave are signaled by
the occurrence of heatstroke cases
and by dramatic increases in the daily
total of medical examiners' cases.30 In
both St Louis and Kansas City, the
largest number of heatstroke cases
were seen at the public municipal
hospitals, which serve the high-risk
poor, elderly, and persons other than
whites. When the temperatures are

high, daily surveillance of heatstroke
hospital admissions, particularly at
the hospitals that serve the high-risk
populations, and daily surveillance of
deaths recorded by the medical exam¬
iner may detect early increases in
morbidity and mortality, so that pre¬
vention efforts can be intensified.

Weather hot enough to cause dra-

matic increases in deaths is a recur¬

rent phenomenon in the United
States.6 During the last 50 years,
major heat waves associated with
increases in deaths have affected
large areas of the country during at
least six summers—the mid-1930s
(1934, 1936), the 1950s (1952, 1954),
1966, and 1980. Although infants
fared better in the 1980 heat wave,
the pattern of relatively high morbid¬
ity and mortality among the elderly,
the poor, and nonwhites was similar
to previous heat waves. The 1966 heat
wave in St Louis caused increases in
general morbidity, deaths recorded by
the medical examiner, and heatstroke
deaths, comparable with those re¬

ported in this study.514,30
Unless a coordinated community

effort is mounted during the next
major heat wave, the remarkable loss
of life in 1980 and previous major
heat waves will be repeated.
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The health officers and staff of the Depart¬
ments of Health of the cities of St Louis and
Kansas City, Mo, the Medical Examiners and
their staff in the two cities, the staff of the
Missouri State Division of Health, the adminis¬
trators and medical record room staff of the
area hospitals, and staff of the Centers for
Disease Control participated in the investigation
to better understand the health effects of the
1980 heat wave. Carmen Colon-Trabal, MD,
participated in data collection; Kay Daniel, Beth
Brackett, and John Stewart assisted in data
processing; and Jackie Rogers, Linda B. Wade,
and Gayle Cates, typed the manuscript.

References

1. Minard D: Prevention of heat casualties in
Marine Corps recruits. Military Med 1961;
126:261-272.

2. Knochel JP: Dog days and siriasis: How to
kill a football player. JAMA 1975;233:513-515.

3. Ellis FP, Nelson F, Pincus L: Mortality
during heat waves in New York City, July 1972,
and August and September 1973. Environ Res
1975;10:1-13.

4. Shattuck GC, Hilferty MM: Sunstroke and
allied conditions in the United States. Am J Trop
Med Hyg 1932;12:233.

5. Henschel A, Burton LL, Margolies L, et al:
An analysis of the heat deaths in St Louis during
July 1966. Am J Public Health 1969;59:2232-2242.

6. Gover M: Mortality during periods of exces-
sive temperature. Public Health Rep 1938;
53:1122-1143.

7. Ellis FP: Mortality from heat illness and
heat-aggravated illness in the United States.
Environ Res 1972;5:1-58.

8. Austin MG, Berry JW: Observations on 100
cases of heatstroke. JAMA 1956;161;1525-1529.

9. Ellis FP, Prince HP, Lovatt G, et al:
Mortality and morbidity in Birmingham during
the 1976 heat wave. Q J Med 1980;49:1-8.

10. Environmental Data and Information Ser-
vice: Impact Assessment: US Social and Econom-
ic Effects of the Great 1980 Heat Wave and
Drought. Washington, DC, National Oceanic and
Atmospheric Administration, 1980, p 12.

11. Heat stroke\p=m-\UnitedStates, 1980. MMWR
1981;30:277-279.

12. A Socioeconomic Classification Technique
for Standard Metropolitan Statistical Areas,
1973. Atlanta, Centers for Disease Control, US
Dept of Health, Education, and Welfare, Public
Health Service, 1979.

13. Macpherson RK, Ofner F: Heat and the
survival of the aged and chronically ill. Med J
Aust 1965;1:292-295.

14. Schuman SH: Patterns of urban heat-wave
deaths and implications for prevention: Data
from New York and St Louis during July 1966.
Environ Res 1972;5:58-75.

15. Shattuck GC, Hilferty MM: Causes of
death from heat in Massachusetts. N Engl J Med
1933;209:319-329.

16. Sprung CL: Hemodynamic alterations of
heat stroke in the elderly. Chest 1979;75:362-366.

17. Crowe JP, Moore RE: Physiological and
behavioral responses of aged men to passive
heating. J Physiol 1973;236:43-48.

18. Ellis FP, Exton-Smith AN, Foster KG, et
al: Mortality during heat waves in the very
young and very old and excessive sweating. Isr J
Med Sci 1976;12:815-817.

19. Levine JA: Heat stroke in the aged. Am J
Med 1969;47:251-258.

20. Henschel A, Cole MB, Lyczkowskyj 0:
Heat tolerance of elderly persons living in a

subtropical climate. J Gerontol 1968;23:17-22.

21. Marmor M: Heat wave mortality in New
York City, 1949 to 1970. Arch Environ Health
1975;30:130-136.

22. Shibolet S, Lancaster MC, Danon Y: Heat
stroke: A review. Aviat Space Environ Med
1976;47:280-301.

23. Cardullo HM: Sustained summer heat and
fever in infants. J Pediatr 1949;35:24-42.

24. Bridger CA, Helfand LA: Mortality from
heat during July 1966 in Illinois. Int J Biome-
teorol 1968;12:51-70.

25. Buechley RW, Van Brugen J, Truppi LE:
Heat island equals death island? Environ Res
1972;5:85-92.

26. Clarke JF: Some effects of the urban
structure on heat mortality. Environ Res 1972;
5:93-104.

27. Danks DM, Webb DW, Allen J: Heat
illness in infants and young children. Br Med J
1962;2:287-293.

28. Ellis FP, Nelson F: Mortality in the elderly
in a heat wave in New York City, August 1975.
Environ Res 1978;15:504-512.

29. Rogot E, Padgett SJ: Associations of coro-

nary and stroke mortality with temperature and
snowfall in selected areas of the United States,
1962-1966. Am J Epidemiol 1976;103:565-575.

30. Bridger CA, Ellis FP, Taylor HL: Mortali-
ty in St Louis, Missouri, during heat waves in
1936, 1953, 1954, 1955 and 1966\p=m-\coroner'scases.
Environ Res 1976;12:38-48.

Downloaded From: http://jama.jamanetwork.com/ by a CDC-Information Center User  on 09/03/2013


