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Il. Summary
This report gives an overview of heat-associated deaths in Maricopa County from 2006 to 2015. Mortality from

environmental heat is a significant public health problem, as it is largely preventable. Maricopa County has conducted
heat surveillance since 2006. Each year, the enhanced heat surveillance season usually begins in May and ends in
October. The main goals of heat surveillance are to identify the demographic characteristics of heat-associated deaths
and the risk factors for mortality. Sharing this information helps community stakeholders to design interventions in an
effort to prevent heat-associated deaths among vulnerable populations. The goal of the Maricopa County Department of

Public Health is to protect Maricopa County residents and its visitors.

The two main sources of data for heat surveillance are: preliminary reports of death (PRODs) from the Office of the

Medical Examiner (OME) and death certificates from the MCDPH Office of Vital Registration.

Heat-associated deaths are classified as heat-caused or heat related. Heat-caused deaths are those in which
environmental heat was directly involved in the sequence of conditions causing deaths. Heat-related deaths are those in

which environmental heat contributed to the deaths but was not in the sequence of conditions causing these deaths.

eThere were 777 confirmed heat-associated deaths between 2006 and 2015. The highest number of deaths occurred in
2012 and the fewest number of deaths occurred in 2008.

*The majority of heat-associated deaths were classfied as heat-caused.
*Most deaths occurred between the months of June and August.

*Between 2006 and 2015, 49 excessive heat warnings were issued in Maricopa County—25% of all heat-associated
deaths occurred during the days when an warning was issued.

*The majority of cases were Maricopa County residents.
*There were many more deaths among males than among females.

eAmong Maricopa County residents, the rate of heat-associated deaths was highest for males, those 75 and older, and
Native Americans. African Americans and Native Americans 75 or older had the highest rate of death of any combined
race and age group.

*The majority of cases were injured outdoors. Most outdoor deaths were injured in urban area and most indoor deaths
were injured in their residence.

*Males were more likely to die outdoors and females were more likely to die indoors. Those who died indoors were
generally older than those who died outdoors.

e Eighty-eight percent of indoor deaths were injured in an environment not cooled by air-conditioning.

¢ Appriximately one in five heat-associated deaths occurred among the homeless.

*Roughly 33% of cases had drug or alcohol use mentioned in the death certificate.
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Introduction

There have been 777 confirmed heat-associated deaths since Maricopa County began its heat surveillance project in
2006.

The frequency of heat-associated deaths has fluctuated since 2006. The highest
number of heat associated deaths was seen in 2012. (N=777)

110

106

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

87% of all heat associated deaths occur between June and August. These deaths most
frequently occurred in July. (N=777)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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On average, July experienced the highest average number of heat associate deaths as
well as highest temperatures between 2006 and 2015.

19
I o2
May June July August September
B Heat Associated Deaths ==@==Average Low Temperature (°F) === Average High Temperature (°F)

Excessive heat warnings were originally issued between the months of June and August. Within the past

decade, we began seeing these warnings issued as early as May or as late as September (2006-2008)

Consecutive Days Total Days Number of Deaths Total Deaths Bz e

6/3-6/5 3 3

2006 7/14-7/15 2 8 6 29 3.63
7/21-7/23 3 20
6/21 1 1

2007 7/4-7/5 2 c 3 ’ 20
8/12-8/13 2 2
5/19-5/20 2 0

2008 6/15-6/22 8 15 5 s -
7/1-7/3 3 5
8/1-8/2 2 3
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Excessive heat warnings were originally issued between the months of June and August. Within the past
decade, we began seeing these warnings issued as early as May or as late as September (2009-2015)

. Deaths per
Consecutive Days Total Days Number of Deaths Total Deaths P

Day

7/11-7/14
7/17-7/20
2009 7/26-7/28
8/1-8/6
8/27-8/30
6/6-6/7
6/30-7/2
7/8-7/10
7/13-7/17
7/19-7/20
8/5
8/13-8/15
8/23-8/24
6/22
6/27-6/29
7/1-7/3
2011 8/2-8/3
8/18
8/22-9/1
9/4
5/21-5/22
5/31-6/1
6/18
6/27-6/30
7/9-7/10
8/6-8/14
6/2
6/7
6/12
2013 6/28-7/3
8/1
8/16-8/19
8/20-8/21
6/2-6/4
2014 7/23-7/24
8/28
6/16-6/23
2015 8/4-8/5
8/13-8/16

IS
o

21 26 1.24

2010 21 27 1.29

22 31 1.41
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2012

20

32 1.60

16 12 19 1.19

14 12 0.86
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Demographics

Graphs 4 and 5, and Table 2 explore the demographics of individuals who died due to heat in Maricopa County.

Graph 4. All people are at risk of heat-related deaths regardless of how long they have been in
Arizona. (N=618%)

13%

<3 years

13%

3-9years

60%
20+ years

14%

10-19 years

*See table 8 for more info.

Graph 5. There are more heat-associated deaths in males among almost all age groups.

(N=771%)
205
129
91
80 81
44
1
pe————
04 5-19 35-49 50-64 65-74 75+

] ]
*See table 9 for more info. Male Female
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Heat-Associated deaths by Demographics.

GENDER N %
Male 569 73
Female 208 27
Total 777 100
AGE GROUP N %
0-4 years old 13 2
5-19 years old 13 2
20-34 years old 55 7
35-49 years old 157 20
50-64 years old 249 32
65-74 years old 112 14
75+ years old 172 22
Unknown 6 1
Total 777 100
RACE/ETHNICITY N %
White 493 63
Hispanic 143 18
African American 61 8
Native American 34 4
Asian/Pacific Islander 9 1
Multiple/Other 5 1
Unknown 32 4
Total 777 100
Maricopa County Residents Non-Maricopa County Residents
Heat Caused 329 74
Heat Related 274 16
Total 603 90
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Rates

Graphs 6-11 show the rates of death per 100,000 Maricopa County residents while exploring various demographics.
These values exclude non-Maricopa County residents. (See tables 6 and 7 for more info regarding population.)

Graph 6. The overall death rate from 2006-2015 was 1.5 per 100,000 Maricopa County residents.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Graph 7. Men died due to heat at more than twice the rate of women amongst Maricopa County
residents during the surveillance period.
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Graph 8. Individuals ages 75 and up die due to heat at nearly the same rate as every other age
group combined per 100,000 residents.

75+

7.3

65-74 3.8

50-64

g
©

35-49

1.4

20-34

0.3

519 0

Graph 9. Native Americans die at more than twice the rate of whites per 100,000 residents.
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Graph 10. Males die due to heat at a higher rate than females in almost every age group per
100,000 residents.

0.5 I 0-4 I 0.4
0 5-19 | 0.1
0 20-34 l 0.6

2.4

0.5 I 35-49

5.8

»
o

Female Male
Graph 11. American Indians and African Americans aged 75 or more experience a significantly
higher death rate due to heat than any other group per 100,000 residents.
White Hispanic African American Native American Asian/Pacific Islander
0-4 ‘ 0.3 ‘ 0.1 1 I2.9

5-19 | 0.5
20-34 ‘ 0.4 ‘ 0.2 | 0.5
35-49 | 1.4 | 0.9
50-64 I 2.2 I2.9
65-74 I3.1

75+
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Place of Injury

Graphs 12-16 show indoor and outdoor death frequencies as well as specific locations of injury.

Graph 12. Most heat associated injuries that result in death occurred outside between 2006 and
2015. (N=775%)

38%

Indoor

62%

Outdoor

*See table 16 for more info.

Graph 13. Females are twice as likely to be indoors at the time of injury rather than outdoors; however, men
are more likely to die both indoors and outdoors.
18%

Female

60%

Male

40%
Female 82%

Male

Indoor Deaths Outdoor Deaths
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Graph 14. Individuals older than 65 are more likely to be injured indoors. (N=769%)

75+ 107 65
65-74 66 46
50-64 88 160
35-49 24 133

20-34 48

5-19 Bk}

I

0-4

12

[ ] ]
*See table 17 for more info. Indoor Outdoor

Heat-Associated Deaths in Maricopa County, 2006-2015 | 13

®
¥ Maricopa County

Public Health

WetrePublicHealth.org




Graph 15. Males were more likely to die than females in all types of outdoor environments
(N=478%)

15 I Desert Area/Trail _ 97
27 . Residence - 55

1 ‘ Shed I 5
0 Unknown I 5
Female Male

*See table 18 for more info.

Graph 16. Amongst all indoor heat-associated deaths, both males and females were more likely
to die in a house than any other type of structure. (N=281%)

9
6 1
- : — :
— S
Apartment Business Condo Garage House RV/Trailer

*See table 20 for more info. HMale M Female

o Heat-Associated Deaths in Maricopa County, 2006-2015 | 14
¥ Maricopa County

Public Health

WetrePublicHealth.org




.

./f/ -

A total of 53 people died in a car due to heat between 2006 and 2015. 1 1 of these people were

children between the ages of 0 and 4, and 31 were between the ages of 35 and 64.
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Air Conditioning Status

Graphs 17 and 18 show the status of air conditioning in the place of injury of the decedents.

Graph 17. Air Conditioning was not available for use in 131 cases that occurred indoors. (N=292)

Not Present @

Turned Off @

Not Available for Use @—

= Unknown e

Graph 18. 80% of cases where air conditioning was not available for use was due to a broken
unit. (N=131)

20%

No Electricity

80%

Non-Functioning
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Other Characteristics

Graph 19. Thirty-seven percent of deaths due to heat in 2006 occurred in the homeless
population. The proportion of homeless deaths due to heat has varied over time.

40%
35%

30%

53 76

25%
20%
15%

10%

5%
32 6 3 21 22 20 20 20 7 8
0%
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

B Homeless WM Non-Homeless ==@==% Homeless
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Graph 20 shows the relationship between heat-associated deaths and drug or alcohol use. In Maricopa County, the
most common drug associated with heat deaths is methamphetamine. According to Brown et al., hyperthermia, or
increased body temperature is a symptom of methamphetamine intoxication.

Graph 20. Amongst all heat associated deaths, individuals between the ages of 35 and 64 were
most likely to use drugs or alcohol. (N=259)

20-34 28 9

35-49 57 40
50-64 50 48
65-74 6 17

75+

N
N

B Drug Use M Alcohol Use

1) Brown, P.L., Wide, R.A., & Kiyatkin, E.A. (2003). Brain Hyperthermia Is Induced by Methamphetamine and
Exacerbated by Social Interaction. Journal of Neuroscience, 23(9), 3924-3929. http://www.jneurosci.org/content/23/9/3924 full#page
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Between 2006 and 2015:

17

occupational
heat-associated
deaths were
reported.

35

recreational
heat-associated
deaths were
reported.

]
Maricopa County
Public Health

WetrePublicHealth.org
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lll. Methodology

Surveillance data is obtained from the following sources:

1. The Maricopa County Office of the Medical Examiner (OME) forwards suspected heat-related deaths to MCDPH
and provides data including demographics, preliminary information regarding how the death occurred, and the
circumstances of death. In the past, this information came solely as a weekly line list with limited information for
each case. However, in February of 2012, MCDPH started receiving all preliminary reports of death (PRODs) from
the OME. These reports provide expanded information on a daily basis and have changed the screening methods
used by MCDPH staff to ensure that all potential heat-related deaths are documented.

2. The MCDPH Office of Vital Registration registers all Maricopa County death certificates in the Arizona
Department of Health Services vital records database. The MCDPH Office of Epidemiology searches this
database looking for causes of death associated with environmental heat. A Statistical Analysis Software (SAS)
program looks for the key phrases and International Classification of Disease-10 (ICD-10) codes listed below.

Key Phrases ICD 10 Code Corresponding Definition

HEAT EXPOSURE X30 Exposure to excessive natural heat

ENVIRON T67.X Effects of heat and light

EXHAUSTION P810 Environmental hyperthermia of
newborn

SUN

HEAT STRESS

HEAT STROKE

HYPERTHERMIA

3. Hospital and media reports can sometimes initiate a heat death investigation, for example, if a child is
reportedly leftin a hot car.

Once data are receivedhalysis of the information is required to identify only those deaths caused as a result of
environmentaheat. Environmental heat is heat generated by the climate (sun, humidity, etc.) rather than heat from
marrmade sources such as ovens or manufacturing equipment-adsatiated deaths are categorized based on the
classification criteria listed below:

Hea-caused (HC) deatlse those in which environmental heat vdiectlyinvolved in the sequence of conditions causing deaths.
These are deaths where environmental heat terms were indidafedrt I of the death certificate causes of death (diseases or
conditions in the direct sequence causing death), for cause of death var@dalea,(cod_b, cod_c, or cod_@punty of death:
Maricopa.

Heatrelated (HR) deathsre those in which environmental heat contributed to the deaths but was not in the sequfecmeditions
causing these death$hese are cases where environmental heat terms were mentiorRattitf of the death certificate causes of
death (diseases and conditions contributing but not directly resulting in the death sequence), but nafitharBart | death
variables¢od_a, cod_b, cod_c, or cod. @ounty of death: Maricopa.

Public Health
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For the purposes of this report, heedused andheat e | at ed deat hs ar e c¢ o mdssociatked and
deat hs.” Pl ease n orepertonyreacausen detathsj This shauld becdnsideredswhen comparing
Maricopa County data with data from other locations.

Death certificate data, in combination with the OME notes, are used to produce the information that is contained in this
report. Total case count, demographics, residency, drug/alcohol use, and years lived in Arizona are directly retrieved frc
death certificate data. Place of death location, indoor/outdoor occurrence, air conditioning use, and homelessness are

retrieved based on ejipit notations made in the death certificate and/or OME notes.

Homelessness definedas having an address on the death certificate that matches a homeless shelter, government
agency, business, or an intersection. Cases are also classified as hdmhelesgian indication on the death certificate.

If the address is |listed as unknown on the death cert
to determine if there is a reference to an addregsione, then the person isadsified as homeless. If the address is

listed as out of jurisdiction then time spent in Arizona, as provided by the death certificate, is taken into consideration.

Once classification is completed, the data are summarized for the production amdidés® of reports. Reports are
generated weekly during the season and posted to the MCDPH website which can be found at:
http://www.maricopa.gov/publichealth/Services/ERports/heat.aspx

! Part | of the death certificatend a—is the immediate cause (final disease or condition resulting in death) cod b, cod c,
cod d-are sequentially listed conditions leading to the cause listed on cod a.

2Part Il of the deathertificate:Other significant conditions contributing to death but not resulting in the underlying cause
given in Part I.
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http://www.maricopa.gov/publichealth/Services/EPI/Reports/heat.aspx

VI. Future Plans

Expand heat morbidity surveillance by analyzing hospital discharge data, data from BioSense (a CDC syndromic
surveillance system), and data from the Arizona Prehospital Information and EMS Registry System (AZ-PIERS).

Provide community stakeholders with information related to heat mortality and morbidity that can be used for
prevention efforts

Incorporate Geographic Information System (GIS) maps in future heat reports

Analyze the relationship between environmental temperatures and heat-associated mortality and morbidity

To learn more about services provided for cooling and hydration during the summer months, or how you
can help, please visit:

http://www.maricopa.gov/publichealth/Programs/Heat/default.aspx

http://www.cir.org/

Public Health
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V. Appendix

Table 3. Heat Associated Deaths by Year, Maricopa County, 2006-2015

Year Count
2006 85
2007 51
2008 49
2009 74
2010 82
2011 106
2012 110
2013 75
2014 61
2015 84
Total 777

Table 4. Heat-Associated Deaths by Month, Maricopa County, 2006-2015

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Heat 0 2 3 10 91 193 113 40 9 1 0 463
Caused
Heat

0 2 1 9 52 151 73 22 1 3 0 314
Related
Total 1 0 4 4 19 143 344 186 62 10 4 0 777

Table 5. Heat-Associated Deaths by Average Monthly Temperature

Month Average Low Temperature (°F) Average High Temperature (°F) Total Deaths
May 70 95 19
June 80 106 143
July 85 107 344

August 84 106 186

September 79 101 62
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Table 6. Heat-Associated Deaths by Residency Status, Maricopa County, 2006-2015

Maricopa Co. Non-Maricopa Co. Non-Arizona Total

Heat Caused 329 23 51 403
Heat Related 274 7 9 290
Total 603 30 60 693

*84 unknown cases excluded

Table 7. Heat-Associated Deaths by Residency, Maricopa County, 2006-2015

Non-Maricopa Arizona Residents Non-Arizona U.S. Residents Non-U.S. Residents
Apache (1) Alaska (1) Austria (1)
Cochise (2) Arkansas (1) Brazil (1)

Coconino (1) California (9) Canada (1)
Gila (1) Colorado (2) Great Britain (1)
Graham (1) Idaho (1) Guatemala (2)
La Paz (3) Ilinois (2) Honduras (1)
Mohave (2) Indiana (1) Mexico (20)
Navajo (3) lowa (1) Scotland (1)
Pima (3) Kansas (1)
Pinal (11) Minnesota (1)
Yavapai (1) New Mexico (1)
Yuma (1) North Carolina (1)
North Dakota (1)
Oregon (1)
Pennsylvania (1)
Texas (3)
Utah (1)

Washington (2)
West Virginia (1)
30 32 28
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Table 8. Heat-Associated Deaths by Time in Arizona and Age Group, Maricopa County, 2006-2015

Age Group <3 Years 3-9 Years 10-19 Years 20 + Years Total
0-4 11 1 0 0 12
5-19 6 2 1 0 9
20-34 12 10 6 13 41
35-49 20 18 18 67 123
50-64 16 24 29 118 187
65-74 5 19 9 57 90
75+ 8 9 25 114 156
Total 78 83 88 369 618

*159 unknown cases excluded

Table 9. Heat-Associated Deaths by Gender and Age Group, Maricopa County, 2006-2015

Gender 0-4 5-19 20-34 35-49 50-64 65-74 75 + Total %
Male 6 12 50 129 205 80 81 563 73

Female 7 1 5 28 44 32 91 208 27
Total 13 13 55 157 250 113 173 771 100

*6 unknown cases excluded
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*Population Values used to calculate rates obtained from the U.S. Census Bureau and the National Cancer Institute.

**All rates based on Maricopa County residents

Table 10. Rate of Heat-Associated Deaths by Year, Maricopa County, 2006-2015

Year Number of deaths among Total Population Rate per 100,000 MC
MC residents residents
2006 66 3764446 1.8
2007 42 3879150 1.1
2008 42 3924982 1.1
2009 49 3964063 1.2
2010 60 3817117 1.6
2011 84 3843370 2.2
2012 87 3884706 2.2
2013 61 3944859 1.5
2014 52 4090022 1.3
2015 60 4167947 1.4
Total 603 39280662 1.5

Table 11. Rate of Heat-Associated Deaths by Gender, Maricopa County, 2006-2015

Year Rate Female Rate Male
2006 1.1 24
2007 0.7 1.5
2008 0.7 14
2009 0.9 1.6
2010 1 2.2
2011 13 3
2012 1.6 2.8
2013 0.6 2.5
2014 0.4 2.1
2015 0.9 2
Total 0.9 2.1
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Table 12. Rate of Heat-Associated Deaths by Race/Ethnicity, Maricopa County, 2006-2015

Race/Ethnicity Rate
White 1.8
Hispanic 0.9
African American 2.8
Native American 4
Asian/Pacific Islander 0.5

Table 13. Rate of Heat-Associated Deaths by Age Group, Maricopa County, 2006-2015

Age Group Rate
0-4 0.4
5-19 0
20-34 0.3
35-49 1.4
50-64 2.9
65-74 3.8
75+ 7.3

Table 14. Rate of Heat-Associated Deaths by Gender and Age Group, Maricopa County, 2006-2015

Age Group Female Male
0-4 0.5 0.4
5-19 0 0.1
20-34 0 0.6
35-49 0.5 2.4
50-64 1.2 4.6
65-74 1.9 5.8
75+ 6.9 8.3
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Table 15. Rate of Heat-Associated Deaths by Age and Race, Maricopa County, 2006-2015

Age Group White Hispanic African American Native American Asian/Pacific
Islander
0-4 0.3 0.1 1 2.9 0
5-19 0 0 0 0.5 0
20-34 0.4 0.2 0 0.5 0
35-49 1.4 0.9 2 4.8 0
50-64 2.2 2.9 5.9 9.2 0.8
65-74 3.1 4.4 3.3 13.4 1.3
75+ 5.6 12.1 27.5 36.9 4.7
Total 1.6 0.8 2.1 35 0.3
Table 16. Heat-Associated Deaths by Place of Injury and Gender, Maricopa County, 2006-2015
Female Male Total
Indoor 118 174 292
Outdoor 89 394 483
Total 207 568 775
*2 unknown cases excluded
Table 17. Heat-Associated Deaths by Place of Injury and Age Group, Maricopa County, 2006-2015
04 5-19 20-34 35-49 50-64 65-74 75+ Total
Indoor 1 0 6 24 88 66 107 292
Outdoor 12 13 48 133 160 46 65 477
Total 13 13 55 157 249 112 172 769

*8 unknown cases excluded
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Table 18. Outdoor Heat-Associated Deaths by Place of Injury and Gender.

Place of Injury Male Female Total
Car 36 17 53
Desert Area/Trail 97 15 112
Residence 55 27 82
Shed 5 1 6
Urban Area 196 29 225
Unknown 5 0 5
Total 394 89 483

Table 19. Outdoor Heat-Associated Deaths by Place of Injury and Age Group.

Place of Injury 0-4 5-19 20-34 35-49 50-64 65-74 75+ Total
Car 11 1 4 13 18 4 2 53
Desert Area/Trail 0 10 27 26 24 8 14 109
Residence 0 1 2 12 27 9 31 82
Shed 0 0 0 1 1 4 0 6
Urban Area 1 1 15 79 89 19 19 223
Unknown 0 0 0 0 0 2 0 2
Total 12 13 48 131 159 46 66 475

Table 20. Indoor Heat-Associated Deaths by Place of Injury and Gender, Maricopa County, 2006-2015

Place of Injury Male Female Total
Apartment 22 9 31
Business 2 0
Condo 3 6
Garage 3 1
House 84 61 145
Mobile 3 6 9
RV/Motorhome 34 24 58
Trailer 16 7 23
Unknown 7 4 11
Total 174 118 292

*Mobile, RV/Motorhome, and Trailer combined in graph as RV/Trailer.
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Table 21. Indoor Heat-Associated Deaths by Place of Injury and Age Group, Maricopa County, 2006-2015

Place of Injury 0-4 5-19 20-34 35-49 50-64 65-74 75+ Total
Apartment 0 0 2 4 14 6 4 30
Business 0 0 0 1 1 0
Condo 0 0 0 0 3 1 5
Garage 0 0 0 0 2 1
House 0 0 2 10 38 33 62 145
RV/Trailer 1 0 0 25 23 32 89
Unknown 0 0 2 4 2 3 11
Total 1 0 6 23 87 66 107 290

Table 22. Heat-Associated Deaths by Age Group and Drug or Alcohol Use, Maricopa County, 2006-2015

Age Group Drug Use Alcohol Use
0-4 0 0
5-19 0 0
20-34 28 9
35-49 57 40
50-64 50 48
65-74 6 17
75+ 2 2
Total 143 116
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Table 23. Heat-Associated Deaths in Homeless by Year, Maricopa County, 2006-2015

Year Homeless
2006 32
2007 *
2008 *
2009 21
2010 22
2011 20
2012 20
2013 20
2014 7
2015 8
Total 159

Table 24. Heat-Associated Deaths by Education, Maricopa County, 2006-2015

Education Level n %

8th grade or less 48 10.9

9th through 12th grade; no diploma 61 13.8

High school graduate or GED completed 188 42.6

Some college credit, but no degree 85 19.3

Associate degree (e.g. AA, AS) 20 4.5

Bachelor's degree (e.g. BA, BS) 27 6.1

Master's degree (e.g. MA, MS, Meng, Med, MSW, MBA) 7 1.6
Doctorate (e.g. PhD, EdD) or Professional degree, (e.g. MD, DDS, DVM, LLB, JD) 0 0
Not Classifiable 5 1.1

Total 441 100
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Table 25. Heat-Associated Deaths by AC Status, Maricopa County, 2006-2015

AC Status Total
Not Present 58
Turned Off 68
Not Available 131
Unknown 35
Total 292
Table 26. Heat-Associated Deaths where no AC is present, Maricopa County, 2006-2015
Reason for No AC Total
No Electricity 26
Non-Functioning 105
131n

Total
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