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Climate change is caused by human activity

Ice-core data before 1958. Mauna Loa Data after 1958.
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Global Temperature (°F)
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Our climate has already changed
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Climate change affects us all

= More extreme weather = Health impacts
= Heat waves = Death, injury, hospitalization
= Extreme cold = Asthma exacerbations
= Heavy rains, floods = Mosquito-borne disease
= Drought = Water-borne disease
= Severe storms = Availability of food and clean
= Wildfires water

= Air pollution = Economic impacts

» Sea level rise = Property loss

= Fishing, ski, and maple syrup
» Recreational waters



SMALL CHANGE IN AVERAGE
BIG CHANGE IN EXTREMES
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Hidden Toll of the Northwest Heat
Wave: Hundreds of Extra Deaths

By Nadja Popovich and Winston Choi-Schagrin Aug. 11, 2021 ]
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Canada: Disastrous Impact of Extreme Heat

Failure to Protect Older People, People with Disabilities in British Columbia

A woman sits to take a rest as heatwave hits Western Canada on June 30, 2021 in Victoria, British Columbia, Canada. © 2021 Mert

i B sl Rt via sty Yasia e Bk Thadaio hesne via Gativfinases https://www.hrw.org/news/2021/10/05/canada-disastrous-im
Alper Dervis/Anadoliu Agency via Getty Images © 2021 Mert Alper Dervis/Anadolu Agency via Getty Images pact-extreme-heat#



Extreme Temperatures and Risk of Death
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Extreme Temperatures and Risk of Death
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Séo Paulo, Brazil

Sydney, Australia
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Figure 1: Overall cumulative exposure-response associations in 13 cities

Exposure-response associations as best linear unbiased prediction (with 95% empirical Cl, shaded grey) in representative cities of the 13 countries, with related
temperature distributions. Solid grey lines are minimum mortality temperatures and dashed grey lines are the 2-5th and 97-5th percentiles. RR=relative risk.



>2300 deaths per year attributable to extreme
heat™ in the US
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Heat and Emergency Department Visits Among
Insured Individuals

Total ED Visits
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Sun et al. BMJ 2021.




Odds ratio

Heat and Emergency Department Visits Among
Insured Individuals

Heat related illness

All causes
1.9
1.6
1.3
1.0 /
0.7
9.2 25.7 28.9 31.4 39.4 9.2 29:7 28.9 314 39.4
Ambient temperature (°C) Ambient temperature (°C)

Sun et al. BMJ 2021.



Heat poses a health risk to everyone, regardless
of age, sex, location, or insurance status

Characteristics

Age (years):

No (%) of ED visits

Excess relative risk (%)

P value

Excess absolute risk

(No/100000 people at risk/day) P value

18-24 2102380 (9.6) 9.5(8.0to 11.0) 8.5 (7.3t09.7)
25-34 2904132 (13.2) 9.9(8.6t0o11.1) 10.2 (9.0to 11.4)
35-44 2906914 (13.2) 7.4 (6.2 10 8.6) 6.9 (5.8t07.9)
45-54 3183433 (14.5) 10.3(9.1to 11.5) <0.001 9.0 (8.0t09.9) <0.001
55-64 3276096 (14.9) 8.8 (7.6 t0 10.0) 8.0 (7.0t0 9.0)
65-74 3228092 (14.7) 7.6 (6.4 10 8.7) 7.6 (6.5 to 8.8)
>75 4395623 (20.0) 3.6 (2.7 t0 4.6) 4.5 (3.3t05.7)
Sex:
Men 9314254 (42.4) 9.5 (8.8t0 10.2) 0.001 9.6 (8.91t010.2) 0001
Women 12678437 (57.6) 6.5(59t07.1) 7.4 (6.8 t0 8.0)
Low income status™:
Yes 3111751 (41.0) 5.6 (4.6 t0 6.6) 12.6 (10.2 to 14.9)
0.53 <0.001
No 4476250 (59.0) 6.1 (4.9t07.3) 6.0 (5.0t07.0)

Sun et al. BMJ 2021.



Heat is associated with ED visits for a wide range
of causes

CCs

Code Odds Ratio (95% Cl)
253 Allergic reactions . 1.34 (1.25, 1.44)
157 Acute and unspecified renal failure —_— 1.32(1.21, 1.44)
55 Fluid and electrolyte disorders —_— 1.31 (1.24, 1.39)
200 Other skin disorders —— 1.28 (1.18, 1.40)
236 Open wounds of extremities —a— 1.25(1.20, 1.32)
197 Skin and subcutaneous tissue infections —_— 1.20 (1.15, 1.26)
160 Calculus of urinary tract —a— 1.20(1.13,1.27)
239 Superficial injury; contusion i 1.18 (1.13, 1.23)
230 Fracture of lower limb —_—a— 1.17 (1.08, 1.26)
244 Other injuries and conditions due to external causes —— 1.16 (112, 1.21)

211 Other connective tissue disease

252 Malaise and fatigue

159 Urinary tract infections

651 Anxiety disorders

93 Conditions associated with dizziness or vertigo
232 Sprains and strains

50 Diabetes mellitus with complications

231 Other fractures

2 Septicemia (except in labor)

245 Syncope

251 Abdominal pain

657 Mood disorders

128 Asthma

101 Coronary atherosclerosis and other heart disease
102 Nonspecific chest pain

114 Peripheral and visceral atherosclerosis

103 Pulmonary heart disease

106 Cardiac dysrhythmias

133 Other lower respiratory disease

123 Influenza

98 Essential hypertension

105 Conduction disorders

109 Acute cerebrovascular disease

126 Other upper respiratory infections

100 Acute myocardial infarction

108 Congestive heart failure; non-hypertensive
99 Hypertension with complications and secondary hypertension
131 Respiratory failure; insufficiency; arrest (adult)
127 COPD and bronchiectasis

84 Headache; including migraine

125 Acute bronchitis

1.15(1.10, 1.20)
1.15 (1.08, 1.22)
1.10 (1.06, 1.15)
1.10 (1.01, 1.20)
1.10 (1.04, 1.16)
1.09 (1.05, 1.13)
1.08 (1.00, 1.16)
1.07 (0.98, 1.17)
1.06 (1.00, 1.13)
1.06 (1.03, 1.10)
1.04 (1.01, 1.07)
1.04 (0.98, 1.10)
1.02 (0.96, 1.09)
1.02 (0.97, 1.08)
1.02 (1.00, 1.04)
1.02 (0.98, 1.06)
1.01 (0.93, 1.11)
1.01 (0.98, 1.04)
1.01 (0.98, 1.05)
1.01 (0.94, 1.09)
1.01 (1.00, 1.02)
1.01 (0.98, 1.04)
1.01 (0.99. 1.03)
1.01 (1.00, 1.02)
1.01 (0.99, 1.03)
1.01 (0.99, 1.02)
1.01 (0.99, 1.03)
1.01 (0.98, 1.03)
1.00 (0.99, 1.02)
1.00 (0.99, 1.01)
1.00 (0.98, 1.02)
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Heat is associated with ED visits for a wide range
of causes

CCs
Code
253 Allergic reactions
157 Acute and unspecified renal failure
55 Fluid and elec
200
236
197
60 CCS
239 Code
230
244 253
157
15¢
55
93
200
236
197
245
160
657
239
b 230
- 244
103 Pulmonary heart disea
106 Cardiac dysrhythmias 21 1
33 Otr B
252
98
105  Conduc fors 159
109 Acute
126 Other upper respirator 651
100 Acute myocardial infarction
108 Congestive heart failure, non-hypertensive

Odds Ratio (95% ClI)

—o—— 1.34 (1.25, 1.44)
o 1.32 (1.21, 1.44)

Allergic reactions

Acute and unspecified renal failure

Fluid and electrolyte disorders

Other skin disorders

Open wounds of extremities

Skin and subcutaneous tissue infections
Calculus of urinary tract

Superficial injury, contusion

Fracture of lower limb

Other injuries and conditions due to external causes
Other connective tissue disease
Malaise and fatigue

Urinary tract infections

Anxiety disorders

Odds Ratio (95% Cl)

Odds Ratio (95% Cl)

1.34 (1.25, 1.44)
1.32 (1.21, 1.44)
1.31 (1.24, 1.39)
1.28 (1.18, 1.40)
1.25 (1.20, 1.32)
1.20 (1.15, 1.26)
1.20 (1.13, 1.27)
1.18 (1.13, 1.23)
1.17 (1.08, 1.26)
1.16 (1.12, 1.21)
1.15 (1.10, 1.20)
1.15 (1.08, 1.22)
1.10 (1.06, 1.15)
1.10 (1.01, 1.20)



Heat and Emergency Department Visits
to US Children’s Hospitals

Multi-center time-series
study

3.8 million ED visits by
children and
adolescents

47 US children’s
hospitals

May to September,
2016 to 2018

Bernstein et al. EHP 2022.



Heat poses a health
risk to kids, regardless
of age, sex, race, or
insurance status

All-cause

Subgroup
Relative Risk (95% Cl), p-value For
95t versus MMT Heterogeneity
Overall 1.17 (1.12, 1.21)
Age 0.703
0-5y 1.15(1.11, 1.20) —8—
6-12y 1.18 (1.10, 1.27) —_—
13-18y 1.19 (1.10, 1.30) —
Sex 0.358
Male 1.18 (1.13, 1.24) —0—
Female 1.15(1.10, 1.20)
Race 0.052
White 1.12 (1.05, 1.19) R —
Other groups 1.21 (1.15, 1.28) —0—
Insurance Status 0.237
Public 1.18 (1.09, 1.27)
Private 1.12 (1.06, 1.17) —a—
Other/unknown 1.14 (0.94, 1.37) L
1.0 1.2 1.4

95" versus MMT

Relative Risk (95% Cl),



Relative Risk (95% ClI),
95" versus MMT

]

Heat related illness 1.83 (1.31, 2.57)

Bacterial enteritis } 1.35 (1.02, 1.79)
Otitis media and externa —_—f 1.830 (1.11, 1.52)
Blood and immune system disorders T 1.29 (1.01, 1.66)
Endocrine, nutritional and metabolic diseases i 1.28 (0.94, 1.74)
Skin and soft tissue infections —_— 1.26 (1.08, 1.48)
Infectious and parasitic diseases — 1.24 (1.11,1.39)
Other skin and soft tissue diseases —_— T 1.24 (1.05, 1.46)
Injury and poisoning —a— 1.21 (112, 1.32)
Nervous system diseases —— 1.18 (0.96, 1.47)
Other signs and symptoms —a— 1.18 (1.09, 1.27)
Digestive system diseases —a— 1.17 (1.05, 1.29)
All-cause -0~ 14712, 1.21)
Cardiovascular diseases 5, 1.13 (0.86, 1.49)

Mental, behaviral and
neurodevelopmental disorders

'k

13(0.97, 1.31)

Musculoskeletal system diseases —— 1.13 (0.94, 1.35)
External causes and other health factors —_— 1.12(0.89, 1.41)
Genitourinary system diseases —— 1.11 (0.96, 1.28)
Asthma — 1.09 (0.92, 1.29)
Perinatal conditions —_— 1.04 (0.83, 1.31)
Respiratory system diseases — 1.04 (0.92,1.17)
Suicidality and depression —— 1.02 {0.93, 1.11)
09 10 15 20

Relative Risk (95% ClI),
95" versus MMT

Bernstein et al. EHP 2022.



Heat related illness

Bacterial enteritis

Otitis media and externa

Blood and immune system disorders
Endocrine, nutritional and metabolic diseases
Skin and soft tissue infections

Infectious and parasitic diseases
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Relative Risk (95% ClI),
95" versus MMT

1.83 (1.31, 2.57)
1.35 (1.02, 1.79)
1.30 (1.11, 1.52)
1.29 (1.01, 1.66)
1.28 (0.94, 1.74)
1.26 (1.08, 1.48)

1.24 (1.11, 1.39)

Bernstein et al. EHP 2022.



Rate Ratio

Heat-Related Morbidity and Mortality
in 15 New England Towns

Emergency Department
Admissions

Heat Index (°F)

Rate Ratio

1.30

1.20

1.10 —

0.95 -

Deaths

Heat Index (°F)

Wellenius et al. Environ Res. 2017



Average annual excess ED visits and deaths attributable
to all days at or above each maximum daily heat index.

Maximum All-Cause ED Visits All-Cause Deaths
Daily Heat Same Day Cumulative Effect over Same Day Cumulative Effect over
Index (°F) (Lag 0) Next 7 days (Lag 0) Next 7 days
(Lag O-7 days) (Lag 0-7 days)

75 3,346 (2,905, 3,786) 7,191 (6,387, 7,965) 93 (9, 177) 24 (-76, 120)

80 2,908 (2,514,3,304) 6,524 (5,818, 7,224) 84 (8, 160) 29 (-568, 113)

85 1,675 (1,407,1,937) 4,293 (3,833, 4,746) 44 (7, 107) 39 (-19, 95)

90 694 (539,849) 2127 (1863, 2391) 26 (2, 64) 36 (0.3, 70)

95 197 (127,268) 784 (658, 908) 12 (-1, 30) 22 (3, 39)

100 39 (16, 62) 232 (187, 277) 4(-1,9) 8 (2, 14)

Wellenius et al. Environ Res. 2017



Towards Evidence-Based Policy

Summer 2016 Summer 2017

Eastern Region Heat Index Advisory Criteria Eastern Region Heat Index Advisory Criteria
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I
Are NWS Heat Warnings Effective?

» Local health departments are initiating conversations with NWS
about lowering the thresholds used for issuing heat warnings

= Assumes issuing heat advisories/warnings reduces
heat-related morbidity and mortality

» Few studies have evaluated this question

BOSTON

Boston University School of Public Health
UNIVERSITY

Department of Environmental Health



I
Are NWS Heat Warnings Effective?

» Heat warnings are issued based on forecast heat index (HI),
» But forecasts can be wrong
» Heat warnings are issued by people

= Examine a set of days with similar HI, with and without heat
warnings

* On days of similar HI, is the rate of death lower if a heat
warning is issued?

Boston University School of Public Health BOSTON
Department of Environmental Health UNIVERSITY



Are NWS Heat Warnings Effective?

Main model —-—
PM 2.5 adjusted -
Ozone adjusted - :
Heat index adiusled b Mortality
Days > 100 F -——
Warnings only -
Main model !
PM 2.5 adjusted |
Ozone adjusted | Heat stroke/other external
Heat index adjusted | (CCS 244)
Days > 100 F |
Warnings only !
T Main model | e——e—
s PM 2.5 adjusted | ———
Ozone adjusted | —— Fluid/electrolyte disorders
1 Heat index adjusted S — (CCS 55)
I Days > 100 F | ——
[ Warnings only | ——
I
Main model ——
PM 2.5 adjusted ——
Ozone adjusted R R A— Peripheral vascular disease
—:— Heat index adjusted L e (CCS 114)
Days > 100 F y
[ Number of War);ﬁngs only —_——
alert days
Main model —
200 PM 2.5 adjusted —
Ozone adjusted — Renal failure
150 Heat index adjusted e (CCS 157)
Days > 100 F —_—
100 Warnings only —_—
50
Main model _—
PM 2.5 adjusted —_—
Ozone adjusted e e— Diabetes
Heat index adjusted —_— (CCS 50)
Days > 100 F
Warnings only —_—
0.95 1.00 1.05 1.10 1.15 1.20

RR (95% Cl)
Weinberger et al. Environ Int. 2021



Conceptual Model

Heat alert
Actions leading to Actions leading to Actions leading to
reduction in exposure prevention of illness access of needed
(e.g., using air other than exposure medical care (e.g.,
conditioning) reduction (e.g., recognizing symptoms)

remaining hydrated)

A\ 4
Heat » Heat exposure > |liness » Hospitalization — > Death

k _/_‘___,_,/’

Weinberger et al. Environ Int. 2021



Heat Health Impacts - Big Picture

- Days of extreme heat linked to more deaths, emergency room
visits — significant public health problem

- Even days of moderate temperature can pose risk
- Everyone is at risk, but risks are inequitably distributed
= Much research on the problem, no easy solutions

Boston University School of Public Health BOSTON
Department of Environmental Health UNIVERSITY
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