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Objectives. This study examined whether differences in heat alone, as opposed to pub-
lic health interventions or other factors, accounted for the reduction in heat-related
deaths and paramedic emergency medical service (EMS) runs between 1995 and 1999
during 2 heat waves occurring in Milwaukee, Wis.

Methods. Two previously described prediction models were adapted to compare ex-
pected and observed heat-related morbidity and mortality in 1999 based on the city’s
1995 experience.

Results. Both models showed that heat-related deaths and EMS runs in 1999 were
at least 49% lower than levels predicted by the 1995 relation between heat and heat-
related deaths or EMS runs.

Conclusions. Reductions in heat-related morbidity and mortality in 1999 were not at-
tributable to differences in heat levels alone. Changes in public health preparedness
and response may also have contributed to these reductions. (Am J Public Health. 2002;
92:830–833)
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partment of the Census, which defines poor
and extremely poor areas as those with
more than 20% and 40% of incomes below
the poverty level, respectively.

Calculations of Outcomes
We used 2 methods to predict 1999 heat

wave–associated outcomes based on 1995
events. The first (model 1), adapted from
Ramlow and Kuller,8 calculated rates of
deaths or EMS runs per degree of excessive
heat during and after heat wave days. The
sum of degrees above the National Weather
Service heat advisory thresholds on each
day of a heat wave was the denominator,
while the numerator was number of heat-
related deaths or EMS runs on or within 10
days after heat wave days. Heat-related out-
come events outside this time window were
assumed to be unrelated to the heat wave.
This model had the advantage of being inde-
pendent of the exact lag between individual
heat stress and illness or death, but assumes
a linear relationship between the excess-heat
index and health outcomes. We performed
independent calculations with 3 different
definitions of heat-wave threshold values
and both outcome types (deaths and EMS
runs; Table 1).

The second method (model 2) used the fol-
lowing equation for all summer days during
1995 and 1999: ln(Deaths or EMS Runs)=
β1(Year)+β2(Heat Index Measure)+K, where
β1 and β2 are parameter estimates, K is a con-
stant, and “Year” is a dichotomous variable.
The relative risk of a heat-related death or
EMS run in 1999 as compared with 1995
was calculated from β1. Three heat index–
time combinations were used in making cal-
culations (Table 1). The advantage of this
method was that it is based on evidence that
the physiological effects of heat follow an ex-
ponential pattern17,18 and that heat stress best
correlates with mortality 1 day after the in-
dex day.3,4,11,18 Similar models have effectively
predicted observed deaths in several different
years and cities.11,18,19

Statistical Analysis
Poisson statistics were used in all analy-

ses. Relative risks were generated via the
GENMOD procedure of SAS with a Pois-
son distribution and a log link function.20

Wald confidence intervals (CIs) were calcu-
lated and scaled via Pearson coefficients.
Observed-to-expected ratios for heat-
related deaths were age adjusted to the
1999 Milwaukee County population.

From 1979 through 1997, an average of 371
Americans per year died from excessive heat,
more than the number dying as a result of
earthquakes, lightning, hurricanes, tornadoes,
and floods combined.1 During heat waves,
heat-related morbidity and mortality can in-
crease dramatically.2–13 During a 1995 heat
wave in the upper midwestern United States,
an estimated 700 people died from heat-
related illness in Chicago, Ill, alone.9

In Milwaukee County, Wis, in 1995 and
1999, heat contributed to 91 and 11 deaths,
respectively.7,14,15 In these same years, respec-
tively, 95 and 28 heat-related paramedic
emergency medical service (EMS) runs were
made. In the present study, we sought to de-
termine whether the reductions in heat-related
deaths and paramedic runs (heat-related out-
comes) in 1999 were the result of differences
in heat levels alone. We used 2 different
methods relating heat levels to heat-related
outcomes to quantify the changes observed
between 1995 and 1999.

METHODS

Data
Heat-related deaths were identified from

death certificates on which the Milwaukee
County medical examiner indicated exces-
sive heat (International Classification of Dis-
eases, 9th Revision, code E900) as an under-
lying or contributing cause of death.16

Paramedic EMS data were obtained from
centralized Milwaukee County dispatch rec-
ords. The hourly heat index was calculated
from Milwaukee airport weather records. We
used regional 1999 National Weather Ser-
vice heat advisory criteria to define “heat
wave” days: a 3-hour average heat index
above 105°F (40.6°C) and a nighttime
(7 PM–7 AM) average heat index of 80°F
(26.7°C). Population estimates and 1990
poverty data were obtained from the US De-
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TABLE 1—1999 Heat-Related Deaths and Emergency Medical Service (EMS) Runs vs 1995
for the 2 Prediction Models and by Different Heat Index Measures: Milwaukee, Wis

Model 1
Observed to expected ratio

Heat index threshold Observeda Expected (95% CI)

Deaths

Day average > 80°F (26.7°C) 10 42.3 0.24 (0.13, 0.44)

Maximum 3-hour average > 105°F (40.6°C) 10 50.6 0.20 (0.11, 0.37)

Night average > 80°F (26.7°C) 10 26.7 0.37 (0.20, 0.70)

EMS runs

Day average > 80°F (26.7°C) 10 30.9 0.32 (0.17, 0.60)

Maximum 3-hour average > 105°F (40.6°C) 10 37.0 0.27 (0.15, 0.50)

Night average > 80°F (26.7°C) 10 19.5 0.51 (0.28, 0.95)

Model 2
Heat index measure used for adjustment Relative risk (95% CI)

Deaths

Previous day’s maximum 3-hour average 0.20 (0.06, 0.69)

Previous day’s night average 0.17 (0.03, 1.06)

Same day and previous 2 days’ maximum 3-hour average and night average 0.24 (0.06, 0.88)

EMS runs

Previous day’s maximum 3-hour average 0.45 (0.23, 0.87)

Previous day’s night average 0.32 (0.12, 0.91)

Same day and previous 2 days’ maximum 3-hour average and night average 0.46 (0.27, 0.79)

Note. CI = confidence interval.
aDuring the heat advisory days or within 10 days after.

RESULTS

Fewer heat-related deaths occurred in
1999 (11) than in 1995 (91) in Milwaukee
County. In both 1995 and 1999, the majority
of heat-related deaths occurred among indi-
viduals older than 65 years (rates were 67%
and 73%, respectively), and the average ages
were similar (1995: 70.1±18.7, median=76;
1999: 67.5±14.5, median=70). Slightly
more decedents were male in both 1995
(57%) and 1999 (55%). More decedents
were White in both years (1995: 76%; 1999:
91%), although rates per 100000 were simi-
lar among White and Black decedents (1995:
10.7 and 9.5, respectively; 1999: 1.6 and
0.5, respectively). In 1999, fewer decedents
lived in poor neighborhoods (27% vs 55%)
and extremely poor neighborhoods (9% vs
33%), but these differences were not statisti-
cally significant.

Excessive heat, by definition, contributed
to all heat-related deaths but was only the

second leading underlying cause in both
1995 and 1999. The primary underlying
cause in both years was cardiovascular dis-
ease (1995: 51%; 1999: 64%). Percentages
of decedents taking psychotropic medication
were similar for the 2 study years (1995:
16%; 1999: 18%). With the exception of 1
case (in 1995), all such decedents were youn-
ger than 65 years.

Model 1
July 13 and 14, 1995, were heat advisory

days. The sum of heat-index degrees above
80°F (26.7°C) for these 2 days was 50.1
(Figure 1). There were 91 heat-related deaths
within 10 days of the 1995 heat wave. Ad-
justment for the 1999 population yielded a
predicted rate of 1.80 (90.3/50.1) heat-
related deaths per heat-index degree above
80°F. July 29 and 30, 1999, also were heat
advisory days. The sum of excess heat-index
degrees for these days was 23.5 (Figure 1).
Applying the 1995 rate of 1.80 heat-related

deaths per degree yielded 42.3 expected
heat-related deaths, but only 10 heat-related
deaths occurred within 10 days of the 1999
heat wave (Table 1). Similar calculations in-
volving alternate excess heat thresholds dur-
ing these heat waves also indicated reduced
observed-to-expected ratios in 1999.

Heat-related EMS runs closely tracked heat
deaths (Figure 1). Calculations based on
1995 and 1999 heat-related EMS runs also
yielded statistically significant reductions in
1999 observed-to-expected ratios (Table 1).
Reductions in observed-to-expected ratios for
all excess heat thresholds and outcomes
ranged from 49% to 76%, and all were sta-
tistically significant. Qualitatively similar re-
sults were obtained when the threshold was
based on the average heat indices over the 14
or 30 days before the heat wave each year
rather than on the National Weather Service
thresholds.

Model 2
Poisson regression analyses showed re-

duced relative risks of both heat-related
deaths (0.17 to 0.24) and EMS runs (0.32 to
0.46) in 1999 as compared with 1995 for all
of the heat index–time combinations used in
adjustments (Table 1). Except in the case of
the model predicting heat-related death from
the previous day’s nighttime average heat
index (95% CI=0.03, 1.06), 95% confi-
dence intervals for these relative risks ex-
cluded 1.

DISCUSSION

Our results were consistent across different
prediction models, different definitions of ex-
cess heat, different time relationships, and 2
different heat-related health outcomes. Both
heat-related deaths and EMS runs showed re-
ductions in 1999 to between 17% and 51%
of expected rates based on the 1995 relation
between heat and heat-related deaths or EMS
runs. We believe that these reductions were
not the result of differences in heat levels
alone.

Several aspects of the 1995 and 1999 Mil-
waukee heat waves were similar and thus not
likely to explain the differences in heat-
related deaths and EMS runs. The heat advi-
sory days each year occurred on a Thursday
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Note. Shown are daily maxima of 3-hour heat index averages and nighttime heat index averages during the summers of 1995
and 1999 (left-hand scale) and number of daily heat-related deaths and EMS runs (right-hand scale). The upper dashed line
marks 105°F (40.6°C), and the lower dashed line marks 80°F (26.7°C). The dates indicated on the abscissa are all Sundays.
In 1995, 2 days met the National Weather Service criteria for issuance of a heat advisory: July 13 and July 14. In 1999, 2 days
met the National Weather Service criteria for issuance of a heat advisory: July 29 and July 30.

FIGURE 1—Summer daily heat-index measures, heat-related mortality, and heat-related
emergency medical service (EMS) runs: Milwaukee, Wis, 1995 and 1999.

and Friday. The ages of decedents and other
causes that contributed to death—factors asso-
ciated with heat-related morbidity and mor-
tality3,4,6,10,15,21—were similar. The percentages
of decedents from poor and extremely poor
neighborhoods were not statistically different
between years, although both decreased in
1999, suggesting that public health efforts to

target these vulnerable populations4,6,10,21 may
have been effective.

The average heat index during the 2 weeks
and 1 month before the heat waves differed
by less than 1°F between 1995 and 1999.
Heat indices fluctuated more widely before
the 1999 than before the 1995 heat wave
(Figure 1). However, physiological acclimati-

zation can be acquired over the course of
about a week and lost in a similar period if
not maintained.22,23 Thus, the brief peaks
(2–3 days) in heat indices followed by days
of cooler temperatures in 1999 would have
been unlikely to induce acclimatization. Fur-
thermore, high-risk populations for heat
wave–associated mortality—the elderly, peo-
ple taking psychotropic medications, and peo-
ple with chronic health conditions—acclima-
tize inefficiently.

The same medical examiner classified heat-
related deaths in both years. If any variability
occurred, its effect probably would have been
to increase reporting in 1999 as a result of in-
creased public awareness after the heat wave
of 1995—a bias against our results. The same
should hold true for EMS runs, given the cen-
tralized management. The major known dif-
ferences between 1995 and 1999 included
substantial improvements in the public health
heat wave preparedness plan, decreased over-
night heat indices in 1999 relative to 1995,
and 2 lesser heat advisories that preceded the
July 29–30, 1999, heat wave.

Milwaukee’s extreme heat conditions plan
(available at www.ci.mil.wi.us/citygov/health/
heat) has been progressively refined since the
1995 heat wave. Improvements include des-
ignated multijurisdictional leadership (on the
part of the Milwaukee Health Department);
specific roles for more than 20 agencies;
springtime preparation, communications
tests, and public/professional education ef-
forts; indexing of the plan to local National
Weather Service advisory criteria; stepped
responses appropriate to early forecasts; part-
ner agency and mass media alerts via fax
and e-mail; an emphasis on cooling measures
other than air-conditioning; and a 24-hour
hotline and active Internet-assisted heat-
injury surveillance during advisories.

Differences in nighttime heat indices could
have accounted for differences in heat-
related deaths between the study years, in
that the confidence interval of a model based
on nighttime heat indices included 1. High
nighttime temperatures are dangerous2,4–6

and are the primary reason for the “urban
heat island” effect.11,24 Although case–control
studies have identified risk factors for heat-
related morbidity and mortality, they have
not focused specifically on nighttime risk fac-
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tors.9,25,26 Public health prevention efforts
may need to concentrate on nighttime heat
even though night heat-index values are typi-
cally lower than daytime values. The 24-
hour hotline established during heat alerts in
Milwaukee typically receives peak call vol-
umes after the suppertime and evening local
news broadcasts, and this service helps to ad-
dress nighttime heat concerns.

Before the National Weather Service heat
advisory issued for July 29–30, 1999, 2 peri-
ods triggered advisories (July 3–4 and July
23–24), although the actual heat indices
never actually reached the most severe advi-
sory levels. In 1995, no earlier advisories
were issued. These earlier advisories in 1999
may have improved the response to subse-
quent higher heat indices by either psycho-
logically preparing the public or enhancing
the effect of the Milwaukee extreme heat con-
ditions plan through “practice runs.”

Although National Weather Service heat
advisory criteria effectively predict when
deaths are likely to occur, the success of pre-
vention activities and messages may be com-
promised by too little advance warning. Low-
ering the threshold for issuing a heat advisory
might be effective in reducing heat-related
mortality during subsequent, more extreme
heat waves. This possibility should be care-
fully weighed against the increased costs and
the “crying wolf” effect of activating a full-
blown extreme heat response plan more fre-
quently. The Milwaukee extreme heat condi-
tions plan includes a “heat outlook” provided
by agencies serving at-risk populations. Such
behind-the-scenes preparation could achieve
the benefits of a reduced threshold while alle-
viating concerns regarding extra costs and
public disregard if the full plan were activated
at lower thresholds.
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