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Abstract

Background: Extreme heat events are increasing due to climate change. Prior studies, typically 

limited to urban settings, suggest an association between extreme heat and cardiovascular 

mortality. But the extent of the burden of cardiovascular deaths associated with extreme heat 

across the US and in different age, gender, or race and ethnicity subgroups is unclear.

Methods: County-level daily maximum heat index levels for all counties in the contiguous US in 

summer months (May through September) and monthly cardiovascular mortality rates for adults 

20 years of age and older were obtained. For each county, an extreme heat day was identified 

if the maximum heat index was ≥90°F (32.2°C) and in the 99th percentile of the maximum 

heat index in the baseline period (1979 to 2007) for that day. Spatial empirical Bayes smoothed 

monthly cardiovascular mortality rates from 2008 to 2017 were the primary outcome. A Poisson 

fixed effects regression model was estimated with the monthly number of extreme heat days as 
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the independent variable of interest. The model included time fixed effects, and time varying 

environmental, economic, demographic and healthcare related variables.

Results: Across 3,108 counties, from 2008 to 2017, each additional extreme heat day was 

associated with a 0.12% (95% CI 0.04% to 0.21%, p=0.004) higher monthly cardiovascular 

mortality rate. Extreme heat was associated with an estimated 5,958 (95% CI 1,847 to 10,069) 

additional deaths from cardiovascular disease over the study period. In sub-group analyses, 

extreme heat was associated with a greater relative increase in mortality rates among men 

compared to women [0.20% (95% CI 0.07% to 0.33%)], and non-Hispanic Black compared to 

non-Hispanic White adults [0.19% (95% CI 0.01% to 0.37%)]. There was a greater absolute 

increase among elderly compared to non-elderly adults [16.6 (95% CI 14.6 to 31.8) additional 

deaths per 10 million individuals per month].

Conclusion: Extreme heat days were associated with higher adult cardiovascular mortality 

rates in the contiguous US between 2008 and 2017. This association was heterogeneous among 

age, gender, race, and ethnicity subgroups. As extreme heat events increase, the burden of 

cardiovascular mortality may continue to increase and the disparities between demographic 

subgroups may widen.
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Introduction:

Climate change has led to an increase in extreme weather events, including extreme heat, 

which will play an increasingly important role in the health of communities. Patients with 

cardiovascular disease are at a high risk of morbidity and mortality from extreme heat. 

However, the burden of this may fall unequally based on factors such as age, gender, 

race, and ethnicity. With the projected continued increase in extreme heat events in the 

United States (US),1 understanding the association between extreme heat and cardiovascular 

mortality, and identifying vulnerable subgroups, is important.

Extreme heat is associated with health outcomes, including hospitalizations and deaths.2–6 

Deaths due to heat stroke are a minority of the overall deaths attributed to extreme heat.7, 8 

As patients with cardiovascular disease and risk factors are especially vulnerable to the 

effects of extreme heat,9, 10 deaths from cardiovascular disease may be an important 

contributor to overall heat-related deaths. Extreme heat has also been associated with 

cardiovascular emergency department visits and hospitalizations.2, 10–12 Most previous 

studies of extreme heat and cardiovascular health in the US have been limited to urban 

areas.7, 13 Due to the geographically limited nature of these studies, the burden of 

cardiovascular mortality associated with extreme heat across the US is largely unknown. 

As the association between extreme heat and health is likely to vary across the country based 

on factors such as urban development, vegetation, and demographic profiles,14, 15 studying 

the association across a greater proportion of the country is necessary to understand the 

extent of the association between extreme heat and cardiovascular mortality.
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There may also be heterogeneity among subgroups of age, gender, race, and ethnicity. 

Elderly individuals are vulnerable to the health effects of extreme heat related, in part, to the 

higher burden of medical comorbidities.11, 12, 16 In the US racial minorities also experience 

a disproportionately greater burden of some of the adverse health effects of extreme 

heat.11, 17, 18 Whether such disparities exist for cardiovascular mortality, particularly across 

the US, is not as well known. Identifying which subgroups, and to what extent, have 

a disproportionately greater association between extreme heat and mortality may help in 

targeted interventions to minimize the potential adverse effects.

To study the association between extreme heat and cardiovascular mortality, and to evaluate 

heterogeneity across subgroups of interest, we examined county-level occurrence of extreme 

heat days and cardiovascular mortality rates across the contiguous US from 2008 to 2017.

Methods:

All data used is publicly available from sources listed below. Analytic methods will be 

made available to other researchers for purposes of reproducing the results upon request. 

This analysis was exempt from review based on the University of Pennsylvania institutional 

review board guidelines and informed consent was waived.

Extreme heat

The primary exposure of interest was the monthly number of extreme heat days. Extreme 

heat refers to temperatures significantly higher than usual for a particular locality.19 To 

define extreme heat in summer months (May to September) in each county in the contiguous 

US from 2008 to 2017, we used daily maximum heat index levels obtained from the 

Centers for Disease Control and Prevention’s (CDC) Environmental Public Health Tracking 

Program.20 A baseline period from 1979 to 2007 was established, and extreme heat for each 

summer day from 2008 to 2017 in each county was identified if the maximum heat index on 

that day was ≥90°F (32.2°C) and in the 99th percentile of the maximum heat index in the 

baseline period for that specific day.

Mortality rates:

County-level, age-adjusted (standardized to the 2000 US Census), monthly cardiovascular 

mortality rates for all residents 20 years of age and older were first calculated for summer 

months in the years 2008 to 2017 using data from the National Center for Health Statistics. 

Death due to cardiovascular diseases was identified if the primary cause of death was 

due to any diseases of the circulatory system [International Statistical Classification of 

Diseases and Related Health Problems, 10th revision (ICD-10) codes I00 to I99]. In 

secondary analyses, mortality rates for ischemic heart disease, stroke, and an alternative 

narrower definition of cardiovascular diseases, were also identified (Supplemental Table 

S1). Death certificate data identifying the deceased individual’s age, gender, race, and 

ethnicity was used to calculate mortality rates for different sub-groups of interest. Death 

certificate information on race/ethnicity has been shown to have near perfect agreement with 

self-reported Black and White race, and excellent agreement for Hispanic ethnicity (around 

97%).21
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To account for instability in monthly mortality rate estimates,22 rates were smoothed 

using spatial empirical Bayes smoothing. This technique creates more stable mortality 

rate estimates by “borrowing strength or confidence” from mortality rates in neighboring 

counties.23 Counties with a larger population contribute to a greater degree to the smoothed 

estimate than counties with a smaller population. Additional details on this technique are in 

Supplemental Methods 1.

Other data sources used are listed in Supplemental Methods 2.

Outcomes

The primary outcome was the monthly, county-level, age-adjusted, cardiovascular mortality 

rate for all individuals 20 years of age and older from May to September in the years 2008 to 

2017. Secondary outcomes include mortality rates in sub-groups based on age, gender, race, 

and ethnicity, and deaths due to ischemic heart disease and stroke.

Statistical Analysis

Summary measures for the total number of cardiovascular deaths for all adults, as well as 

for age, gender, race, and ethnicity subgroups across all of the counties were first calculated. 

We then calculated summary measures of county-level demographic, clinical and healthcare 

related variables between counties based on tertiles of the total number of extreme heat 

days from 2008 to 2017. Population-weighted median cardiovascular mortality rates for each 

tertile were also calculated.

Poisson fixed effects model

To account for potential time-invariant differences between counties, we fit a Poisson fixed 

effects regression model with monthly deaths as the outcome and the number of extreme 

heat days in each month as the predictor of interest. The fixed effects approach controls 

for both observed and unobserved time-invariant confounders by examining change in the 

predictor and outcome variables within a given subject (county in this case) over time.24 

The Poisson fixed effects estimator was chosen as it is robust to issues of overdispersion.25 

A negative binomial fixed effects estimator was not used as it is not considered robust to 

violations in its assumptions.26 Additional details on the fixed effects model are available 

in Supplemental Methods 3. Month and year fixed effects were included in the model to 

account for secular time trends. The model also included additional time-varying covariates 

that could potentially confound the association between extreme heat and cardiovascular 

mortality rates, as per the CDC’s National Environmental Public Health Tracking Network, 

as well as additional important environmental, economic, and healthcare related variables.20 

Covariates included in the model are listed in Supplemental Methods 4. State level cluster-

robust standard errors were used. Absolute change in mortality rates associated with 1 

extreme heat day per month (compared to no extreme heat days) were estimated from the 

fixed effects model at the mean values of the included covariates. Using the regression 

coefficients from the fixed effects model, the county population, the number of extreme 

heat days in each county, and the value of each included covariate, the total number 

of additional cardiovascular deaths associated with extreme heat across all counties was 

estimated. The univariate association between each of the covariates included in the model 
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and cardiovascular mortality using fixed effects models, as well as the distribution across 

all counties, was also examined. The primary model was compared with two alternative 

versions: 1) including the monthly number of extreme heat days as a quadratic variable and 

2) including each of the other covariates as linear splines with 5 knots. Goodness of fit was 

assessed using the Bayesian information criterion.

Secondary and sensitivity analyses

Secondary analyses included fitting fixed effects models with the following outcomes: 

cardiovascular mortality rates in different sub-groups [non-elderly (20–64 years of age), 

elderly (65 years of age and older), men, women, non-Hispanic White, non-Hispanic 

Black, non-Hispanic other race, and Hispanic (any race)] and stratifications (by county 

metropolitan status, US Census regions, and by tertiles of counties based on the total 

number of extreme heat days during the study period), and ischemic heart disease and 

stroke mortality rates. For each sub-group the outcome was deaths among the specific 

subgroup in each county and the population of the subgroup in each county was used 

as the offset variable. The region and tertile stratified models did not use state clustered 

standard errors due to the small number of states in each stratum. To test whether the 

associations for the different subgroups and strata were significantly different from each 

other, we refit additional models which simultaneously estimated the associations for the 

subgroups of interest and used an interaction term between the subgroup and each of the 

independent variables.27 We also examined the association for the age, gender, race, and 

ethnicity subgroups for metropolitan and non-metropolitan counties separately.

As air quality can impact cardiovascular health,28, 29 we refit the primary model with 

different measures of air quality. We first included the monthly number of days with air 

quality unhealthy for sensitive groups or worse using the Air Quality Index (AQI). AQI 

values are calculated for 5 (ozone, particle matter, carbon monoxide, sulfur dioxide, nitrogen 

dioxide) pollutants. The daily AQI for an area is the highest value for any of the pollutants 

in a given day.30 Air quality data, obtained from the Environmental Protection Agency 

(EPA), is measured at monitors located in more populous areas of the country. AQI data 

was available in 1,019 to 1,027 counties over the study period which included approximately 

81% of the contiguous US adult population. In a second model, we included monthly 

number of days with fine particulate matter (PM2.5) concentration and monthly number 

of days with ozone concentration above the EPA National Ambient Air Quality Standard 

thresholds of 35 μg/m3 and 0.07 parts per million respectively.31 As this data includes 

measurements from both monitoring stations and modeled data, it includes all counties, 

and was available from 2008 to 2016. We fit an additional model including the percentage 

of county land with forest cover and the percentage of land developed (available for all 

counties in 2008, 2011, 2013, and 2016). Additional sensitivity analyses included using 

alternative definitions of extreme heat (maximum daily heat index ≥90°F (32.2°C) and in the 

95th or 90th percentile of the maximum heat index in the baseline period) and cardiovascular 

mortality (using an alternative set of ICD-10 codes) (Supplemental Table S1). We also 

assessed the association between cardiovascular mortality and occurrence of a heat wave 

(three or more consecutive days of extreme heat) in a given month.
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Results are presented as means with standard deviations (SD) or 95% confidence intervals 

(CI) or medians with interquartile range (IQR). All p-values were two-sided and values 

≤0.05 were considered statistically significant. Empirical Bayes smoothing was performed 

using Geoda. Other statistical analyses were conducted using Stata 17 (College Station, TX). 

The Stata module ppmlhdfe was used to fit the Poisson fixed effects models.32

Results

The analysis included all 3,108 counties in the contiguous US. There were 3,139,134 

cardiovascular deaths among adults living in the contiguous US during summer months from 

2008 to 2017 [median 337 (IQR 153 to 792)] (Table 1). Of these, 50.0% occurred among 

women and 80.5% among elderly adults. The median number of deaths was 296 (IQR 128 

to 705) for non-Hispanic White adults, 14 (IQR 2 to 87) for non-Hispanic Black adults, 2 

(IQR 1 to 9) for non-Hispanic other race adults, and 2 (IQR 1 to 11) for Hispanic adults. 

From 2008 to 2017, the median number of extreme heat days was 89 (IQR 61 to 122). The 

median number of extreme heat days was 45 (IQR 75 to 82) in the first tertile, 90 (IQR 92 to 

97) in the second tertile, and 133 (122 to 148) in the third tertile of counties (Figure 1, Table 

2). The median county adult population was 21,423 (IQR 6,986 to 66,125) in the first tertile, 

21,234 (IQR 10,244 to 55,135) in the second tertile, and 16,547 (IQR 8,351 to 35,326) in 

the third tertile of counties. The median proportion of non-Hispanic White residents was 

49.6% (IQR 81.5% to 95.4%) in the first tertile, 89.0% (IQR 70.1% to 96.1%) in the second 

tertile, and 78.4% (IQR 63.1% to 91.0%) in the third tertile. The median proportion of 

non-Hispanic Black residents was 0.6% (IQR 0.3% to 2.2%) in the first tertile, 2.6% (IQR 

0.5% to 13.3%) in the second tertile, and 6.0% (IQR 1.4% to 21.5%) in the third tertile. 

The median household income was $43,471 (IQR $38,515 to $49,786) in the first tertile, 

$42,667 ($36,685 to $48,531) in the second tertile, and $37,595 ($32,979 to $42,832) in the 

third tertile. Other economic, demographic, and healthcare related variables for each tertile 

of counties are listed in Table 2.

Primary analysis

Mean monthly cardiovascular mortality rates for each county over the study period are 

shown in Figure 1. The population-weighted median monthly cardiovascular mortality rate 

was 22.8 (IQR 20.4 to 25.8) deaths per 100,000 individuals in the first tertile, 24.9 (IQR 

22.4 to 27.4) in the second tertile, and 26.2 (IQR 23.5 to 30.3) in the third tertile. Median 

mortality rates, over the study period, for each of the 5 summer months for the 3 tertiles 

of counties are displayed in Figure 2 (Supplemental Table S2). In the Poisson fixed effects 

regression model, 1 additional extreme heat day per month was associated with 0.12% (95% 

CI 0.04% to 0.21%, p=0.004) higher monthly cardiovascular mortality rates and 3.14 (95% 

CI 1.04 to 5.24) additional deaths per 10 million adults per month (Table 3). Extreme heat 

was associated with an estimated 5,958 (95% CI 1,847 to 10,069) additional cardiovascular 

deaths in summer months from 2008 to 2017 in the contiguous US among adults. Annual 

number of estimated excess deaths ranged from 331 (95% CI 104 to 558) in 2008 to 1,014 

(95% CI 321 to 1,707) in 2011 (Figure 3, Supplemental Table S3). Trends by US Census 

region are displayed in Figure 4 (Supplemental Table S4).
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The univariate association, and distribution across all counties, of each of the included 

covariates in the primary model are included in Supplemental Table S5 and Supplemental 

Figures. Comparing the primary model to two alternatives models – including the number 

of extreme heat days as a quadratic term and including linear splines of the covariates – 

the association between the extreme heat days and cardiovascular mortality did not change 

substantially [0.14% (95% CI 0.03% to 0.25%) and 0.13% (95% CI 0.05% to 0.21%), 

respectively] and goodness of fit did not improve (Supplemental Table S6).

Secondary and sensitivity analyses

One additional extreme heat day was associated with 0.19% (95% CI 0.07% to 0.33%) 

higher monthly cardiovascular mortality rates among non-elderly adults and 0.12% (95% CI 

0.02% to 0.21%) among elderly adults (Table 3). The relative change in monthly mortality 

did not statistically significantly differ between the two groups, but the absolute increase 

in mortality rates was statistically significantly greater in the elderly compared to the 

non-elderly adult population [16.6 (95% CI 14.6 to 31.8) additional deaths per 10 million 

individuals per month]. (Table 4). The association between extreme heat and cardiovascular 

mortality rates was statistically significant among men [0.22% (95% CI 0.10% to 0.34%)] 

but not women [0.02% (95% CI −0.07% to 0.11%)]. This association was statistically 

significant for non-Hispanic Black and non-Hispanic White adults [0.29% (95% CI −0.12% 

to 0.46%) and 0.10% (95% CI −0.12% to 0.46%) respectively], but not for non-Hispanic 

adults of other races or for Hispanic adults [0.41% (95% CI −0.07% to 0.89%) and 0.07% 

(95% CI −0.14% to 0.27%) respectively]. Compared to non-Hispanic White adults, non-

Hispanic Black adults had a significantly greater increase in mortality rates associated with 

extreme heat [0.19% (95% CI 0.01% to 0.37%)]. The association did not differ significantly 

between non-Hispanic White adults and the other race and ethnicity subgroups.

When stratified by county metropolitan status, the association between extreme heat was 

statistically significant in metropolitan counties [0.15% (95% CI 0.06% to 0.24%)] but not 

in non-metropolitan counties [0.05% (95% CI −0.06% to 0.17%)]. The association was 

significant across all US Census regions, except the Northeast [Midwest: 0.12% (95% CI 

0.06% to 0.24%), Northeast: 0.18% (95% CI −0.03% to 0.40%), South: 0.12% (95% CI 

0.05% to 0.18%), and West: 0.36% (95% CI 0.17% to 0.55%)]. When stratified by tertiles of 

counties based on the total number of extreme heat days from 2008 to 2017, the association 

between extreme heat and cardiovascular mortality was statistically significant for all three 

tertiles [first tertile: 0.34% (95% CI 0.22% to 0.47%), second tertile: 0.14% (95% CI 0.04% 

to 0.24%), and third tertile: 0.09% (95% CI 0.01% to 0.16%). Compared to the first tertile, 

the association was significantly smaller in the third tertile [−0.26% (95% CI −0.41% to 

−0.11%)].

In metropolitan counties, among subgroups of age, gender, race, and ethnicity, the 

association between extreme heat and cardiovascular mortality was statistically significant 

for non-elderly and elderly adults, men, non-Hispanic Black, non-Hispanic White, and 

non-Hispanic other race adults (Supplemental Table S7). In non-metropolitan counties, the 

association was statistically significant among men, but none of the other subgroups. Among 

metropolitan counties, non-Hispanic Black adults had a significantly greater increase in the 
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absolute number of deaths compared to non-Hispanic White adults [8.03 (95% CI 0.55 to 

15.5) additional deaths per 10 million individuals], although the relative change was not 

statistically significantly different [0.17% (95% CI −0.01% to 0.36%)] (Supplemental Table 

S8).

The association of extreme heat was statistically significant for ischemic heart disease 

mortality [0.19% (95% CI 0.07% to 0.31%)] but not stroke mortality [0.04% (95% CI 

−0.12% to 0.20%)] (Table 3). Using a narrower definition of cardiovascular disease, the 

association with extreme heat and cardiovascular mortality was similar to the primary 

model [0.14% (95% CI 0.03% to 0.25%)]. Including measures of air quality in the primary 

model did not substantially change the estimate of the association between extreme heat 

and cardiovascular mortality [including monthly number of days with air quality unhealthy 

for sensitive groups or worse (AQI >100): 0.15% (95% CI 0.07% to 0.24%), including 

number of days with PM2.5 and number of days with ozone concentrations above national 

thresholds: 0.14% (95% CI 0.05% to 0.23%)]. The association was 0.18% (95% CI 0.04% to 

0.32%) after including the proportion of land that was developed and proportion covered by 

forest in the primary model.

The association between extreme heat and cardiovascular mortality rates was statistically 

significant when alternative definitions of extreme heat (daily maximum heat index in the 

95% or 90% percentile of the baseline period instead of 99% percentile) were used [0.09% 

(95% CI 0.03% to 0.14%) and 0.07% (95% CI 0.02% to 0.11%) respectively] (Table 3). 

The estimated total number of deaths associated with extreme heat during the study period 

were 7,144 (95% CI 4,015 to 10,273) and 7,184 (95% CI 3,605 to 10,764) respectively. The 

association between the occurrence of a heat wave in a month and monthly cardiovascular 

mortality rates was 0.16% (95% CI 0.07% to 0.26%).

Discussion:

From 2008 to 2017, across all counties in the contiguous US, extreme heat days were 

associated with statistically significantly higher monthly cardiovascular mortality rates 

among adults, with 5,958 (95% CI 1,847 to 10,069) to 7,144 (95% CI 4,016 to 10,273) 

excess deaths associated with extreme heat during the study period, depending on the 

definition of extreme heat used. There were statistically significant differences in this 

association among subgroups of age, gender, race, and ethnicity. Men and non-Hispanic 

Black individuals had a significantly greater relative and absolute increase, and elderly 

adults had a significantly greater absolute increase in cardiovascular mortality associated 

with extreme heat.

Although the burden of cardiovascular mortality across the US associated with extreme 

heat has not been well studied, studies limited to certain urban areas have noted the 

association between extreme heat and deaths from cardiovascular diseases.7, 13 Some studies 

have estimated the burden of all-cause deaths associated with extreme heat, however, 

due to differences in methodologies, comparison across studies is challenging. One study 

examining non-optimal heat and all-cause mortality estimated approximately 20,000 deaths 

per year related to heat in Canada and the US from 2008 to 2017.33 This analysis used 
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data from 211 US cities from 1976 to 2006. As there is evidence that communities may 

have begun to adapt to extreme heat over time, such as with increased air conditioning 

use,34 using data from previous years may overestimate the number of heat-related deaths. 

Additionally, as this study examined deaths associated with non-optimal, rather than 

extreme, heat, comparison with our analysis is challenging. Another study examining all-

cause mortality due to extreme heat across 297 US counties (accounting for 60% of the 

population) noted a lower estimate of approximately 2,300 deaths per year from 1997 to 

2006.3 Regarding extreme heat and cardiovascular deaths, one study noted that from 2004 to 

2018, there were 2,112 deaths where major cardiovascular disease was the primary cause of 

death and heat exposure was noted as a contributor on the death certificate.18 In our analysis, 

extreme heat was associated with 5,958 (95% CI 1,847 to 10,069) to 7,144 (95% CI 4,016 to 

10,273) excess deaths from cardiovascular disease among adults from 2008 to 2017 across 

the contiguous US, depending on the definition of extreme heat used. When examining the 

association by tertiles of counties based on the total number of extreme heat days, there was 

a significantly greater increase in cardiovascular mortality among counties with the fewest 

number of extreme heat days compared to counties with the greatest number of extreme heat 

days. This suggests that areas where fewer extreme heat days typically occur may not be as 

well adapted to extreme heat and may be more vulnerable to its potential adverse effects.

There are several biological mechanisms by which extreme heat is associated with 

cardiovascular health, such as an increase in cardiac strain due to increases in heart rate 

and contractility and an upregulation of inflammatory mediators that can increase the risk 

of thrombosis.35 The use of medications such as beta-blockers and diuretics can also alter 

thermoregulation.8, 36, 37 When examining subgroups of cardiovascular disease, we noted a 

significant association between extreme heat and deaths due to ischemic heart disease, but 

not stroke. There is some evidence that extreme heat may be associated with greater number 

of strokes in certain populations.38 However, due to the smaller number of stroke deaths, 

there may not have been a sufficient number of deaths in many counties to detect variations 

in monthly mortality rates associated with extreme heat days. Additionally, it is possible that 

there may be an association between heat and non-fatal strokes, which were not examined in 

our analysis.

The association between extreme heat and cardiovascular mortality differed significantly 

between demographic subgroups. Notably, we found that there was a greater increase in 

cardiovascular mortality rates associated with extreme heat among non-Hispanic Black 

compared to non-Hispanic White adults. A study of cardiovascular deaths associated 

with extreme heat in Michigan found a greater risk among Black compared to White 

individuals.39 Non-Hispanic Black adults in the US may be more vulnerable, on an 

individual level, to the adverse health effects of extreme heat due a higher burden 

of cardiovascular risk factors and cardiovascular disease, as well as inequities in care 

access.40, 41 Additionally, aspects of the built environment may play an important role in 

this disparity. Black residents of New York City are more likely to live in buildings with 

higher levels of indoor heat and humidity.42 Compared to non-Hispanic Whites, minority 

populations are also more likely to live in areas with a greater degree of urban heat island 

effect (the phenomenon of built environments being hotter than surrounding rural areas).43 

In our analysis, even when limited to metropolitan areas, there was a greater increase in 

Khatana et al. Page 9

Circulation. Author manuscript; available in PMC 2023 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cardiovascular deaths associated with extreme heat among non-Hispanic Black, compared to 

non-Hispanic White adults. Although our analysis cannot make inferences at the individual 

or sub-county level, it is possible that both greater vulnerability to cardiovascular disease 

at the individual level and the segregation of minority communities into neighborhoods that 

are particularly vulnerable to the adverse effects of extreme heat may contribute to the 

differences noted.

Similar differences in the association between other subgroups and non-Hispanic White 

adults were not noted. When examining metropolitan counties, non-Hispanic adults of other 

races did have a significant association between extreme heat and cardiovascular mortality. 

However, we did not detect a similar association for Hispanic adults. This may be due to the 

small number of cardiovascular deaths among Hispanic adults noted across most counties. 

Previous studies have also noted a “Hispanic paradox” i.e., despite having a higher burden of 

cardiovascular risk factors and lower socioeconomic status on average, Hispanic individuals 

have a lower burden of cardiovascular disease and higher life expectancy compared to 

non-Hispanic White individuals,44 which may in part explain the lack of association in 

this population. Another study examining extreme heat associated hospital admissions 

and mortality among patients with end-stage renal disease, also did not find a significant 

association for Hispanic individuals.6 Whether these findings are due to individual level 

differences or structural factors, requires further investigation.

Identifying disparities in outcomes related to extreme heat may allow for a more targeted 

approach in creating policies to mitigate the adverse health effects of climate change. 

Although, evidence for whether certain strategies can attenuate the adverse effects of 

extreme heat on human health and reduce disparities is limited, studies have noted a 

significant association between air conditioning use and heat related mortality, and racial 

disparities in access to air conditioning.45, 46 Other potential strategies include making 

cooling centers accessible to vulnerable populations and increasing tree cover in urban 

neighborhoods.15

The number of deaths due to cardiovascular conditions associated with extreme heat may 

continue to increase and the noted disparities between groups may widen as extreme 

heat events in the US are projected to increase. Most areas in the US are projected to 

experience 20–30 additional extremely hot days per year over the next 2–3 decades.1 

However, due to the complex nature of climate change, and its impact on a vast number 

of environmental phenomena, predicting how mortality will change related to climate 

change is challenging. Along with the association between extreme heat and cardiovascular 

mortality, an association between extreme cold and cardiovascular events has also been 

seen.47 As the number of extreme cold days has declined over the past several decades,48 

it is possible that the increase in cardiovascular events associated with more extreme heat 

days may be attenuated by fewer extreme cold days. However, some studies have suggested 

that climate change may be associated with a higher frequency of extreme cold events in 

certain parts of the US.49, 50 Therefore estimating how climate change may be associated 

with cardiovascular health in the coming decades in the US will require a more complete 

understanding of how extreme weather events, both hot and cold, will change in different 

parts of the country.
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Limitations

This analysis has some limitations. Due to the observational nature of the study, causality 

cannot be assumed. As this is a county-level ecological study, individual-level inferences 

are not possible. Although the longitudinal fixed effects regression model accounts for 

differences between counties that are time invariant, residual time-varying confounding is 

still possible despite the inclusion of several important potential time-varying environmental, 

economic, demographic, and healthcare related covariates. As only monthly mortality data 

was available, it is not possible to directly attribute cardiovascular deaths in a particular 

month to the extreme heat days that occurred in that month, as a death may have occurred 

either prior to, or significantly after, the occurrence of an extreme heat day. Our analysis 

found that a greater number of extreme heat days in a month were associated with higher 

monthly cardiovascular mortality rates. Whether there are unmeasured environmental or 

socioeconomic factors that could lead to such an association between extreme heat days 

and mortality in a particular month is unclear. As monthly mortality rates are more stable 

than daily estimates, a small numbers of deaths occurring after an extreme heat event may 

not cause significant variation in the monthly rate, which may underestimate the association 

between extreme heat days and mortality. However, most localities in the US do not have 

daily mortality data available as rates from areas with small populations are particularly 

prone to statistical instability and there also may be privacy concerns. There is a possibility 

that the cause of death from death certificate data could be misclassified. To address this, 

we performed an alternative analysis using a narrower definition of cardiovascular disease 

which had similar results as the primary analysis. As the CDC Environmental Public Health 

Tracking Program tracks extreme heat days only in summer months (May to September) and 

was the source of the temperature data for this analysis, our analysis does not account for 

extreme heat days, and associated deaths, outside of these months. The definition of extreme 

heat was based on the baseline period of 1979 to 2007. Alternative definitions of extreme 

heat likely may result in different estimates of the association between extreme heat and 

cardiovascular mortality.

Conclusion

Extreme heat was associated with significantly higher adult cardiovascular mortality 

rates across all counties in the US from 2008 to 2017. However, there was significant 

heterogeneity based on age, gender, race, and ethnicity; elderly, male and non-Hispanic 

Black adults having a significantly greater increase in cardiovascular mortality associated 

with extreme heat. With extreme heat events projected to increase in frequency over the next 

several decades due to climate change, the adverse cardiovascular health effects of extreme 

heat on the US population may increase further without efforts to mitigate them.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

What Is New?

• The number of extreme heat days in a month were associated with 

a statistically significant relative and absolute increase in monthly 

cardiovascular mortality rates across the contiguous United States from 2008 

to 2017.

• The association varied significantly among subgroups, with a greater 

association noted among elderly, male, and non-Hispanic Black adults.

• Between 2008 and 2017, extreme heat was associated with an estimated 

5,958 (95% CI 1,847 to 10,069) to 7,144 (95% CI 4,016 to 10,273) excess 

cardiovascular deaths, depending on the definition of extreme heat used.

What Are the Clinical Implications?

• As the climate continues to warm, and extreme heat days increase in 

frequency, the role that extreme heat plays in the cardiovascular health of 

US adults will continue to increase.

• Extreme heat may also exacerbate pre-existing disparities in cardiovascular 

health notably between non-Hispanic Black and non-Hispanic White 

communities.

• Identifying communities particularly vulnerable to the association between 

extreme heat and cardiovascular mortality may allow for more targeted 

interventions to mitigate the potential adverse effects of extreme heat.
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Figure 1 –. 
US County map of total number of extreme heat days and mean, summer, monthly 

cardiovascular mortality rates from 2008 to 2017

Panel A – Tertiles of US counties by total number of extreme heat days in summer months 

(May to September) from 2008 to 2017

Panel B – Tertiles of US counties by mean monthly age-adjusted cardiovascular mortality 

rates (after spatial empiric Bayes smoothing) in summer months (May to September) from 

2008 to 2017 among adults 20 years of age and older

Extreme heat day designated if maximum heat index on that day was ≥90°F (32.2°C) and in 

the 99th percentile of the maximum heat index in the baseline period (1979 to 2007)
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Figure 2 –. 
County-level median monthly cardiovascular mortality rates by tertiles of total number of 

extreme heat days from 2008 to 2017*†

* Tertiles of US counties by total number of extreme heat days in summer months (May to 

September) from 2008 to 2017. 1st tertile : 0 to 74 days, 2nd tertile 75 to 108 days, 3rd tertile: 

109 to 198 days. Extreme heat day designated if maximum heat index on that day was ≥90°F 

(32.2°C) and in the 99th percentile of the maximum heat index in the baseline period (1979 

to 2007)

† Age-adjusted cardiovascular mortality rates for all adults 20 years of age and older. 

Mortality rates smoothed with spatial empirical Bayes smoothing. Median values weighted 

by county adult population.
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Figure 3: 
Estimated annual number of excess cardiovascular deaths associated with extreme heat 

during summer months from 2008 to 2017*†‡

* Age-adjusted cardiovascular mortality rates for all adults 20 years of age and older. 

Mortality rates smoothed with spatial empirical Bayes smoothing.

†Summer months – May to September

‡Estimates based on fixed effects regression coefficients, annual adult population, monthly 

number of extreme heat days, and value of each covariate in each county. Shaded areas 

indicate 95% confidence intervals of the annual estimates.
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Figure 4: 
Estimated annual number of excess cardiovascular deaths associated with extreme heat 

during summer months from 2008 to 2017 by US Census region*†‡

* Age-adjusted cardiovascular mortality rates for all adults 20 years of age and older. 

Mortality rates smoothed with spatial empirical Bayes smoothing.

†Summer months – May to September

‡Estimates based on fixed effects regression coefficients, annual adult population, monthly 

number of extreme heat days, and value of each covariate in each county. Shaded areas 

indicate 95% confidence intervals of the annual estimates.
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