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Heat causes death and illness 
Higher temperatures in the warm season 
(i.e., “heat”) increase the risk of death and 
heat-related illnesses such as heat ex-
haustion,1,2  cardiovascular and respira-
tory disease, acute kidney injury, and 
pregnancy-related complications.3–7 To 
prepare municipalities in Metro Boston for 
future days of extreme heat, the Metropol-
itan Area Planning Council (MAPC) and 
Boston University (BU) developed com-
munication materials related to heat pre-
paredness and adaptation in a project ti-
tled “Lower-Mystic Cool Communications 
to Build Regional Heat Resiliency.” MAPC 
and BU examined heat-health impacts in 
Everett, Chelsea, Malden, Revere, and 
Winthrop, communities that are pro-
jected to face significant warming in the 
next 25 years.8 This report presents anal-
yses from “Cool Communications.” 

Gaps in heat-health surveillance 
Emergency Department (ED) visits provide 
a timely, policy-relevant measure of the 
burden that heat places on individuals, 

Highlights: 
• Heat-related emergency department (ED) 

visits count the number of ED visits for 
specific causes and may underestimate 
the burden of disease.  We instead esti-
mated the fraction of all-cause ED visits 
attributable to heat. 

• Municipalities with larger populations had 
more heat-attributable ED visits, but simi-
lar per-capita rates as smaller municipali-
ties.  

• Estimates of heat-attributable ED visits 
were larger than estimates of heat-related 
ED visits based on diagnostic codes.  

• The relative risk of heat-attributable ED 
visits was higher for children ages 5-17, 
Hispanic individuals, persons on public 
health insurance, and in May/June. 

• The largest number of heat-attributable 
ED visits occurred among adults 

• The per-capita rate of heat-attributable 
ED visits was lower than expected for His-
panic populations, perhaps indicating 
lower healthcare utilization in this group. 

• On any single hot day, the relative risk of 
heat-attributable ED visits was highest in 
May or June, but the total number of heat 
attributable ED visits was greater in July 
and August due to more frequent hot days 
in those months.  
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communities, and health systems. How-
ever, current surveillance methods count 
only a small subset of all ED visits, those 
with diagnoses indicative of heat stress, 
which may lead to an under-estimation of 
the full burden of disease attributable to 
extreme heat. Instead, this report esti-
mates the number of all-cause ED visits 
associated with changes in temperature, 
referred to as heat-attributable ED visits. 
This broadens the scope of impacts con-
sidered and provides estimates at local 
scales.  

 
Schematic 1. Relationship between Heat-re-
lated ED visits and the fraction of all-cause 
ED visits associated heat, i.e., heat-attributa-
ble ED visits. 

Methods 
Using data from 2010 to 2023 from the 
Massachusetts Center for Health Infor-
mation and Analysis (CHIA), we estimated 
the health burden of heat in the study 
communities, with Boston included for 
comparison (and 2020 excluded due to 
COVID-19 impacts).  We investigated dif-
ferences in relative risk, total number, and 
per-capita rates of heat-attributable ED 
visits across sub-groups defined by gen-
der, age, race and ethnicity, payor status, 
and timing in May through September. 

 
Schematic 2. Definition of terms for Relative 
Risk and Attributable Number. 
We used a distributed-lag non-linear mod-
eling approach to estimate the (potentially 
non-linear and lagged) association be-
tween temperature and ED visits, ac-
counting for seasonal trends.9 For the ref-
erence temperature, we chose a daily 
maximum temperature of 77 degrees 
Fahrenheit, which is the average sum-
mertime daily maximum temperature in 
the study domain. The interpretation of 
this reference is “how many excess ED vis-
its occur when days are hotter than the 
summertime average.” 

Key Findings 
Key findings (#1 - #7) are presented below, 
with additional findings in the Supporting 
Information: 

Key Finding #1. Annual per-capita rates 
of heat-attributable ED visits were com-
parable across Boston, Chelsea, 
Malden, and Revere, while rates in Ever-
ett were highest and rates in Winthrop 
were lowest. Absolute numbers followed 
population sizes. 
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Fig 1. City-specific totals of annual heat-at-
tributable ED visits (red) and the annual per-
capita rates of heat-attributable ED visits (light 
blue).  

 

Key Finding #2. The total number and 
per-capita rate of heat-attributable ED 
visits were higher than corresponding 
estimates of “heat-related” ED visits. 
While sensitive to the selected reference 
temperature, the large difference between 
“heat-related” and “heat-attributable” ED 
visits indicates that existing methods for 
assessing the health impacts of heat un-
derestimate the total impacts. 

 
Fig 2. City-specific totals of annual heat-re-
lated ED visits (red) and the annual per-capita 
rates of heat-related ED visits (light blue), with 
comparisons to totals for heat-attributable ED 
visits from Fig 3 (shown in the figure as out-
lines). 

 

Key Finding #3. On a hot day, the relative 
risk of ED visits was higher for children 
ages 5-17 (compared to other age groups), 

persons identifying as Hispanic (com-
pared to those not), and people on public 
health insurance (compared to other 
forms of health insurance) 

 
Fig 3. State-level models of the increased rel-
ative risk of an ED visit on a day with a daily 
maximum temperature of 100 F as compared 
to a day with a daily maximum of 77 F. 

 

Key Finding #4. On a hot day, the relative 
risk of ED visits was also higher during 
days occurring in May and June (com-
pared to days occurring later in the sum-
mer), and on weekdays compared to 
weekends. 
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Fig 4. State-level models of the increased rel-
ative risk of an ED visit on a day with a daily 
maximum temperature of 100 F as compared 
to a day with a daily maximum of 77 F. 

 

Key Finding #5. The largest fraction of 
heat-attributable ED visits were ob-
served among adults aged 18 to 39 
years: 

 
Fig 5. City-specific totals for persons age 18 to 
39 of annual heat-attributable ED visits (red) 
and the annual per-capita rates of heat- at-
tributable ED visits (light blue), with compari-
sons to all ages total for heat-attributable ED 
visits from Fig 3.1 (shown in the figure as out-
lines). 

 

Key Finding #6. Despite having a higher 
relative risk, Hispanic populations had 

similar per-capita rates of heat-attribut-
able ED visits compared to non-His-
panic populations, except in Chelsea 
where rates of heat-attributable ED visits 
among Hispanic populations were lower. 
One potential reason for this finding could 
be lower rates of healthcare utilization 
among Hispanic populations (see supple-
ment). 
   

 
Fig 6. City-specific per capita rate of annual 
heat-attributable ED visits for Hispanic popu-
lations (red) and non-Hispanic populations 
(light blue). 
 

Key Finding #7. Although a single hot day 
occurring in May or June was associated 
with a higher relative risk of ED visits com-
pared to days occurring in July or August, 
hot days are much more common later 
in the summer and these months ac-
count for the majority of heat-attributa-
ble ED visits observed each year.  
 

 
Fig 7. City-specific annual heat-attributable 
ED visits for days in May and June (red) and July 
and August (light blue). 
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Limitations 
Going to the emergency room is only one 
of the ways in which heat can manifest 
into unfavorable health outcomes. Cer-
tain populations, such as older adults who 
are more likely to be admitted to the hos-
pital, may be underrepresented in this 
data. Additionally, we largely ran models 
using state-level data and then 
downscaled model outputs to the munici-
pality scale, which may mean that some 
municipality-specific trends may not be 
fully characterized.  

Ongoing tracking of the health impacts of 
heat on ED visits is focused on counting 
the ED visits that have discharge diagno-
ses identified as being related to heat 
stress. However, we believe that there is 
value in additionally estimating the num-
ber of ED visits for any cause attributable 
to temperatures above some threshold. 
Many health conditions can be exacer-
bated by exposure to heat beyond those 
clearly recognized as being “heat-related.” 
10,11 Considering ED visits for a broader 
range of causes enables public health 
agencies, policy makers, and community 
members to better understand the total 
impact that heat can have on their com-
munities, and considers the nuanced 
ways that exposure to high temperatures 
can impact population health. 

Future Research 
Adaptation of heat health interventions re-
quires an understanding of the context in 
which they originate. Explaining the driv-
ers of the differences in relative risk and 
attributable numbers between the five 
Lower Mystic municipalities and Boston is 
connected to the unique systems and 
structures that affect exposure, sensitivity, 

and adaptive capacity in those places. Fu-
ture research can examine how targeted 
interventions can help specific communi-
ties directly.  

All five Lower Mystic municipalities saw 
higher risk of heat-attributable ED visits on 
days warmer than 77 °F, the average daily 
maximum temperature. In each munici-
pality some portion of the population are 
demonstrably at heightened risk of an ED 
visit for any reason when the daily maxi-
mum temperature is warmer than the 
summertime average. Understanding the 
scenarios that describe when and why a 
person is at heightened risk will depend on 
the community and should be investi-
gated further.  

This analysis was conducted to assist the 
MAPC and the Lower Mystic communities 
in their effort to communicate with the 
general public the health risks posed by 
heat. In addition to official heat advisory 
and heat emergency alerts given by the 
National Weather Service, starting in 2025 
the state of Massachusetts Department of 
Public Health (DPH) launched a tiered Un-
healthy Heat Threshold and Heat Educa-
tion Alert Tool (HEAT) Response Initiative. 
HEAT triggers an “Unhealthy Heat Alert” if 
forecast temperatures will exceed 85 °F 
for three consecutive days and is sent to 
public health departments, clinicians, and 
other key stakeholders.12 The tiered sys-
tem also recognizes that some popula-
tions are at risk even before the Unhealthy 
Heat Threshold is reached, which is indi-
cated in a yellow and orange range on the 
website.  

This is in line with literature indicating ele-
vated risk at higher ambient temperatures 
supported by the analysis in our work 
which points to additional heightened risk 
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below 85 °F. Finding the balance between 
heat risk message fatigue and adequately 
conveying that a person might be at risk 
even before outdoor temperatures exceed 
85°F for three consecutive days is essen-
tial for lowering the heat-attributable ED 
visit number and rate in the Lower Mystic.  

Funding 
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Mayors Coalition (MMC) Climate Taskforce, while centering 
community knowledge and preferences to strengthen social 
connectedness and overall climate resilience.  Parts of this pro-
ject was supported by the Wellcome Trust Grant 
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