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Abstract

Background: The health impacts of the rapid transition to the use of electric vehicles are largely 

unexplored. We completed a scoping review to assess the state of the evidence on use of battery 

electric and hybrid electric vehicles and health.

Methods: We conducted a literature search of MEDLINE, Embase, Global Health, CINAHL, 

Scopus, and Environmental Science Collection databases for articles published January 1990 to 

January 2024. We included articles if they presented observed or modeled data on the association 

between battery electric or hybrid electric cars, trucks, or buses and health-related outcomes. We 

abstracted data and summarized results.

Results: Out of 897 reviewed articles, 52 met our inclusion criteria. The majority of included 

articles examined transitions to the use of electric vehicles (n=49, 94%), with fewer studies 

examining hybrid electric vehicles (n=11, 21%) or plug-in hybrid electric vehicles (n=8, 15%). 

The most common outcomes examined were premature death (n=41, 79%) and monetized health 

outcomes such as medical expenditures (n=33, 63%). We identified only one observational study 

on the impact of electric vehicles on health; all other studies reported modeled data. Almost every 

study (n=51, 98%) reported some evidence of a positive health impact of transitioning to electric 

or hybrid electric vehicles, although magnitudes of association varied. There was a paucity of 

information on the environmental justice implications of vehicle transitions.

Conclusions: The results of the current literature on electric vehicles and health suggest an 

overall positive health impact of transitioning to electric vehicles. Additional observational studies 

would help expand our understanding of the real-world health effects of electric vehicles. Future 

research focused on the environmental justice implications of vehicle fleet transitions could 
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provide additional information about the extent to which the health benefits occur equitably across 

populations.
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Introduction

Transportation-related air pollution is a major source of the emissions contributing to 

climate change. In the United States, the transportation sector was responsible for 28% of 

greenhouse gas emissions in 2021 (U.S. EPA, 2023b). To reduce these emissions, there 

is currently widespread support for electrification of vehicle fleets. Replacing internal 

combustion engine vehicles (ICEVs) with electric vehicles, which lack tailpipe emissions, 

has the potential to reduce transportation-related greenhouse gas emissions (Challa et al., 

2022). Hybrid electric vehicles, which have both an internal combustion engine and a 

battery electric motor, can also produce fewer tailpipe emissions than standard ICEVs. The 

support for vehicle electrification includes current investments in electric vehicle charging 

infrastructure, programs to fund transitioning transit and school bus fleets, and consumer 

rebate incentives. These programs and incentives encourage individuals to purchase electric 

vehicles in lieu of ICEVs and motivate companies and municipalities to purchase electric 

vehicles for their car, truck and bus fleets. As a result, vehicle fleet transitions are occurring 

where fleets previously composed entirely of ICEVs now also include electric and hybrid 

electric vehicles.

While the reduction in tailpipe emissions from transitioning to electric vehicles can reduce 

greenhouse gas emissions, it also can benefit human health. Traffic-related air pollution 

is a major cause of morbidity and mortality worldwide and impacts a wide range of 

health outcomes such as respiratory health, cancer, and cardiovascular disease (HEI, 2022). 

The total impact of the transition to electric vehicles on health is determined by more 

than changes in tailpipe emissions alone. Factors like emissions from electric vehicle 

battery production, electricity generation for electric vehicle charging and non-combustion 

emissions due to tire and break wear, which can be higher from electric vehicles due to their 

heavier weight, also contribute to the overall pollution associated with production and use 

and subsequent health impact of electric vehicles.

A 2018 review by Requia and colleagues on electric vehicles identified only 6 papers 

related to the health effects of electric vehicles (Requia et al., 2018b). A more recent 

systematic review focusing on the equity impact of electric vehicles identified 8 articles 

related to electric vehicles and health. However, they excluded papers that did not assess 

the distribution of health effects (Sharma et al., 2023). To our knowledge, despite the active 

research in this area, there has not been a recent comprehensive summary of the literature 

on electric vehicles and health. Therefore, we conducted this scoping review to assess the 

state of the evidence on use of battery electric and hybrid electric cars, trucks, and buses and 

health, identify knowledge gaps on this topic, and summarize the current understanding of 

related environmental justice implications.
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Methods

We conducted a literature search of MEDLINE, Embase, Global Health, CINAHL, Scopus, 

and Environmental Science Collection databases for articles published between January 1, 

1990 and January 9, 2024. Search criteria included terms related to health (i.e., asthma, 

cardio, disease, health, heart disease, illness, lung, respiratory) and terms related to electric 

and hybrid electric vehicles (i.e., bus, electric, electrification, hybrid, public transport, 

transportation, trolly, vehicle). Full search criteria are listed in eTable 1.

We included peer-reviewed articles in the review if they presented observed or modeled 

data on the association between battery electric or hybrid electric cars, trucks, or buses 

and health-related outcomes. The primary reasons for article exclusion were that an article 

was not related to health or the vehicle types of interest, did not present original research, 

or was not conducted on humans. Our primary interest was the impact of electric vehicle 

operation on health, so articles were excluded if they only assessed the impact of electric 

vehicle manufacturing, charging, or recycling, but not operation. Articles were also excluded 

if they did not define the health outcome of interest or did not quantify the isolated impact of 

electric vehicle adoption alone (e.g., only assessed the impact as part of a set of concurrent 

changes).

First, we screened the titles and abstracts of all search results. For any relevant abstracts, the 

full article text was reviewed. The references of all included articles and identified review 

articles were screened to identify additional articles meeting inclusion criteria. All authors 

participated in article screening. For included articles, two authors (AP, MM) abstracted 

data on study location, study timing, vehicle replacements of interest, emissions considered, 

whether the study was a lifecycle assessment, health outcomes, and main findings. Articles 

were separately screened to identify any results or discussion related to environmental 

justice (AP). The methods of this review were guided by the PRISMA extension for scoping 

reviews (PRISMA-ScR) (Tricco et al., 2018). This activity was reviewed by CDC and was 

conducted consistent with applicable federal law and CDC policy.1

Results

The searches identified 897 non-duplicate articles (Figure 1). Of these, 781 were excluded 

after title and abstract review. The remaining 116 articles underwent full-text review. Of 

these, 52 met the inclusion criteria. The primary reasons for exclusion of 64 articles after 

full-text review were that an article was not related to electric or hybrid electric vehicles 

(n=9, 14%), no health outcome was examined (n=25, 39%), and the article did not present 

data from an original research study (n=15, 23%).

Studies were conducted in 20 different countries (Table 1); the countries with the most 

studies were the United States (n=15, 29%), China (n=10, 19%), and Canada (n=5, 10%). 

The majority of articles examined the replacement of ICEVs with electric vehicles (n=49, 

94%) with fewer studies examining replacement with hybrid electric vehicles (n=11, 21%) 

1See e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.
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or plug-in hybrid electric vehicles (n=8, 15%). Only 11 studies (21%) included buses as one 

of the vehicle types examined. The most common outcome examined was premature death 

(n=41, 79%). There were also 33 studies (63%) that examined monetized health outcomes, 

such as medical expenditures, or monetized mortality, which was calculated using the value 

of statistical life. Other outcomes examined included disability adjusted life years (DALYs), 

cardiovascular and respiratory outcomes, and lost days of work and school (n=21, 40%). 

Nearly half of the studies (n=24, 46%) accounted for emissions from electricity generation 

for vehicle charging and 19 percent of the studies (n=10) were lifecycle analyses that 

accounted for factors such as vehicle production, maintenance, and recycling.

We identified only one observational study that measured changes in health associated with 

the transition to electric or hybrid electric vehicles. The study, conducted by Garcia and 

colleagues, assessed the relationship between zero-emission vehicle adoption (i.e., electric 

vehicle, plug-in hybrid electric vehicle, and hydrogen fuel cell vehicle) at the zip code level 

in California and changes in asthma emergency department visits (Garcia et al., 2023). They 

observed that an increase of 20 zero-emission vehicles per 1,000 residents was associated 

with a 3.2% decrease (95% CI: −5.4%, −0.9%) in the age-adjusted rate of asthma emergency 

department visits per year when adjusting for education, year, and zip code.

All other included articles modeled what changes in health might occur with vehicle 

electrification in the future or what might have occurred if these transitions had occurred 

in the past. Generally, studies first described the intervention and health outcome of interest. 

For example, how many deaths would be prevented if 100% of passenger cars in a region 

were replaced with electric vehicles. Next, they quantified changes in emissions (e.g., 

from tailpipes, tire and break wear, electricity generation for vehicle charging) that would 

occur from these changes. Lastly, using the estimated changes in emissions they employed 

previously published concentration response functions to quantify prevented cases of the 

health outcome of interest attributable to these changes. There was great variation between 

studies in all study attributes, such as in the size of the region considered (ranging from 

a part of a city to a whole country), the number of emissions factors considered (ranging 

from a single tailpipe pollutant to a lifecycle analysis quantifying changes in emissions from 

across a vehicle’s lifespan), and the models used for estimation.

Almost every study observed some evidence of a positive health impact of transitioning to 

electric or hybrid electric vehicles (Table 1). The studies that estimated the largest impact 

of electric vehicles on health estimated effects across large geographic areas. For example, 

Liang and colleagues considered several scenarios, the one with the largest impact estimated 

that 52% electrification of private passenger vehicles in China would prevent 25,459 (95% 

CI: 15,664, 32,210) premature deaths in 2030 (Liang et al., 2019). At the other end the 

spectrum, studies restricted to a single city, region, or part of a city estimated results with 

much smaller magnitudes. For example, in the United States, Filigrana and colleagues 

estimated that in 2035 in Seattle, Washington, 35% electrification of gasoline powered 

passenger cars and light duty trucks would prevent 11 deaths (95% CI: 0, 22) in individuals 

aged ≥15 years and 11 incident asthma cases (95% CI: 4, 16) in children aged ≤14 years 

(Filigrana et al., 2022). The most notable exception to generally positive impacts of electric 

vehicles on health was a study conducted by Ji and colleagues (Ji et al., 2012). The study 
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found that, in the majority of 34 Chinese cities examined, transitioning to electric vehicles 

would lead to more deaths than gasoline cars due to larger emissions from coal used to 

generate electricity for vehicle charging.

A common theme of results across many studies was that impacts varied across regions or 

cities. This variability was due to factors such as baseline rates of morbidity and mortality, 

population density, and type and location of electricity generation operations. Of these, 

5 studies estimated that mortality impacts could increase in some areas under certain 

modeling assumptions while they would decrease in other areas (Fang et al., 2023; Gai 

et al., 2020; Hata and Tonokura, 2019; Mousavinezhad et al., 2024; Segersson et al., 2021). 

The hypothesized cause of these increases included an increase in emissions from electricity 

generation, an increase in ozone concentrations due to reductions in nitrogen oxides titration 

because of decreased emissions, and increases in emissions from traffic wear due to the 

increased weight of electric vehicles.

While the uneven distribution of benefits of electric vehicle transitions suggests that not all 

populations will benefit equally from these changes, only a handful of studies quantified 

environmental justice implications. One study that addressed environmental justice directly 

was conducted by Gai and colleagues in the greater Toronto and Hamilton area of Canada 

(Gai et al., 2020). They observed that reductions in premature death associated with 

transitioning to electric vehicles were larger in areas with lower incomes than in areas with 

higher incomes because neighborhoods with lower access to resources were more likely to 

be located near major roads and thus more impacted by reductions in tailpipe emissions. 

Minet and colleagues mentioned a similar finding that reductions in tailpipe emissions were 

primarily near busy roads that often cross through areas with lower socioeconomic status in 

a study conducted in the same metropolitan area (Minet et al., 2021). A study by Camilleri 

and colleagues found that mortality benefits of heavy duty vehicle electrification differed 

depending on the racial/ethnic composition of neighborhoods in Chicago; communities with 

a high proportion of Black residents in some regions benefitted most. Differences by race 

and ethnicity were due to heterogenous reductions in air pollution and underlying mortality 

rates across areas (Camilleri et al., 2023). Two studies conducted in China observed that 

the health benefits of electric vehicle transitions were greatest among older adults in some 

scenarios (Lu et al., 2022; Zhu et al., 2023). The only included observational study assessed 

trends in vehicle adoption and observed that in California zero-emission vehicle adoption 

during 2013–2019 was lower in zip codes with lower educational attainment (Garcia et al., 

2023).

Some studies mentioned issues related to the transfer of pollution from urban areas with 

a high population density to non-urban less populated areas as a decrease in tailpipe 

emissions from vehicles was offset by an increase in power plant emissions used to create 

electricity for electric vehicle charging (Choma et al., 2020; Ji et al., 2012; Liang et al., 

2019; Moglia et al., 2022). Ji and colleagues discussed that this shift in emissions could 

potentially increase emissions in lower income rural areas (Ji et al., 2012). Additionally, 

several articles noted awareness of the environmental justice implications of transitioning to 

electric vehicles and noted that while they lacked the data to address this topic, future studies 
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on the issue were needed (Filigrana et al., 2022; Maizlish et al., 2022; Peters et al., 2020; 

Tobollik et al., 2016).

Discussion

The results of the current literature on electric vehicles and health suggest an overall positive 

health impact of transitioning to electric vehicles. Our findings support the conclusions 

described by Requia and colleagues by providing additional evidence that clean electricity 

generation can increase the benefits of transitioning to electric vehicles and that the shift of 

air pollution from urban centers to rural areas where electricity generation occurs can lead 

to differential health impacts (Requia et al., 2018b). Our findings, based on a larger number 

of studies (52 versus 6), also extend those findings by reviewing recent studies conducted in 

a diverse range of study locations and by highlighting the results of additional studies that 

have addressed environmental justice.

The strength of the current literature on electric vehicles and health is the breadth of 

the studies on this topic. Taken together, the studies were conducted in 20 countries and 

examined a wide range of interventions related to electric and hybrid electric vehicles. 

They also examine a wide range of different emissions related to electric vehicles, such 

as different air pollutants, emissions from electricity generation, and non-tailpipe emissions 

from tire, break, and road wear. While the results of any individual study are affected by 

a range of study limitations, as a whole, this body of literature provides evidence of how 

transitions to electric vehicles can impact health.

What the current literature does not provide is robust data quantifying the observed health 

impact of transitions to electric vehicles. We only identified one observational study on the 

health impact of electric vehicles (Garcia et al., 2023). Outside the scope of this review, 

but related to this topic, two additional observational studies have been completed on clean 

diesel vehicles and health outcomes (Adar et al., 2015; Beatty and Shimshack, 2011). 

Both studies observed some evidence of an association between adoption of clean diesel 

technology and positive health outcomes. The current rapid transitioning of vehicle fleets to 

electric vehicles provides a unique opportunity to conduct natural experiments to quantify 

the health impacts of electric vehicles. Given the many factors that can impact the true health 

effect of electric vehicles in a region, observational data could be a valuable supplement to 

the current modeling data on this topic. For example, for a school district deciding whether 

to invest in electric school buses, the availability of data showing how asthma exacerbations 

or school absenteeism changed in another area after making a similar transition could be 

useful to guide decision making.

Few studies on electric vehicles and health mention the environmental justice implications of 

vehicle fleet transitions and even fewer studies included data detailed enough to assess these 

implications. The included articles that did examine differences in health impacts by income, 

gender, race, ethnicity, or age found that health impacts varied by these factors (Camilleri 

et al., 2023; Gai et al., 2020; Lu et al., 2022; Minet et al., 2021; Zhu et al., 2023). Given 

the differences in the health impacts of electric vehicles by region, it seems likely that the 

environmental justice impacts will also vary by region dependent on local factors such as the 
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geographic distribution of populations and electricity generation sources. This is supported 

by the findings of a 2015 study by Ji and colleagues focused on electric vehicle-related 

emissions across 34 cities in China (Ji et al., 2015). It found that the majority of inhalation 

of emissions related to electric vehicles were in rural communities with lower incomes, 

but that environmental justice impacts varied greatly across cities. A recent review by 

Sharma and colleagues discussed the analytic challenges of assessing the impact of electric 

vehicle transitions on equity (Sharma et al., 2023). Future studies on electric vehicles and 

health would benefit from an environmental justice focus to help ensure that these vehicle 

transitions are not exacerbating existing environmental and health inequities.

In addition to the lack of observational studies on electric vehicles and health, and lack of 

assessment of environmental justice, the current literature is limited based on the vehicle 

types and health outcomes studied. The majority of articles are focused on passenger 

cars, with less information available on transit and school buses. Given the large-scale 

bus transitioning currently happening, such as through the U.S. Environmental Protection 

Agency’s $5 billion over 5 years (fiscal year 2022–2026) Clean School Bus Program (U.S. 

EPA, 2023a), information on health impacts of the ongoing transition to electric buses is 

needed. The health outcomes examined in current studies were limited with the majority 

focusing on death and monetized outcomes. Less information was available on respiratory 

health outcomes where we may expect to see an even larger impact, and outcomes such as 

school absenteeism.

For this review, we used a methodological search and review process to identify relevant 

studies. Despite the strengths of our review process, readers should interpret the findings of 

our review with several potential limitations in mind. First, while we identified and screened 

over 800 publications, studies that assessed health as a secondary outcome may not have 

been picked up by our review if they reported, for example, lifecycle, economic, or policy 

analyses that focused primarily on non-health outcomes. Second, because we only included 

peer-reviewed publications, publication bias may have impacted our findings. Third, we did 

not complete a systematic review of study quality given the variability in study methodology 

and modeling approaches used. However, one important factor to consider when interpreting 

the results of the included studies is the range of limitations of studies that projected 

future health impacts compared with those of studies that calculated past health impacts. 

Studies that projected future impacts had to make additional assumptions about future fuel 

economy, traffic patterns, and electricity generation that may make them more prone to 

miscalculations.

This review focused on the health effects of electric vehicle operation primarily due to 

inhalation of air pollution with some studies also assessing the impact of noise. Surprisingly, 

none of the studies we reviewed evaluated increases in roadway injuries and deaths due 

to the increased weight of electric vehicles (National Transportation Safety Board, 2023). 

This impact could be substantial given that one estimate found electric cars to be 24% 

heavier than their ICEV counterparts (Timmers and Achten, 2016); this weight disparity 

can be even larger for trucks and sport utility vehicles. Although some of the included 

studies quantified lifecycle factors such as electric vehicle manufacturing or recycling, 

we excluded studies that did not include electric vehicle operation as one of the factors 
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they considered. No studies looked at potential injuries due to fires from electric vehicle’s 

lithium-ion batteries, for example after damage by flooding or severe weather (National Fire 

Protection Association, 2022). Of particular importance is occupational safety in battery 

manufacturing plants, refineries of nickel and other raw materials for battery production, 

and in battery recycling centers. In addition to occupational safety concerns, are the 

environmental impacts, and subsequent health impacts, related to battery production and 

recycling. These environmental impacts include emissions from battery manufacturing and 

energy use and environmental degradation from mining of minerals. Additional information 

about these impacts would allow us to estimate the impact of electric vehicles on health 

more comprehensively. These environmental impacts occur in different geographic locations 

than in locations of the currently completed health studies and are often ignored.

Electric vehicles are changing the landscape of traffic-related air pollution and its resulting 

health effects. As vehicle fleets continue to transition, data on the health impact of electric 

vehicles can be used to determine equitability and inform local, state, territorial, and national 

decision-making. The complexity of factors that determines health effects suggest that 

observational data on this topic could be valuable to augment the current knowledge gained 

from modeling data.
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Figure 1. 
Flow chart of study selection for scoping review
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