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Abstract: The decarbonization of transport is a global initiative aimed at reducing greenhouse gas
emissions and addressing the risks of global warming. This article explores the potential connections
between the decarbonization of transport and oral health, highlighting the need for further research
in this area. Emissions from vehicle exhausts, such as carbon dioxide, methane, and nitrous oxide,
may have a modest impact on the risk of early childhood caries and other oral health diseases like
periodontal diseases, oral cancer, and dental caries. Active transportation, which promotes regular
exercise, has beneficial effects on overall health, including stimulating salivary protein production
and reducing the risk of diabetes and cardiovascular diseases, both of which are linked to poor
oral health. Transitioning to electric vehicles can also reduce noise pollution, positively impacting
mental well-being, which is associated with improved oral hygiene practices. Furthermore, the
development of sustainable infrastructure, including efficient public transportation systems, can
enhance access to dental services. Further research is needed to establish stronger evidence for these
connections and to explore how the global decarbonization of transport agenda can incorporate oral
health considerations.
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1. Introduction

The urgent need to address climate change and secure a sustainable future for our
planet has driven the global push for decarbonization. One significant aspect of this
effort is the decarbonization of transport, which involves reducing the carbon-intensive
emissions produced by various modes of transportation that have detrimental effects on
the environment and human well-being [1]. Transport emissions currently contribute about
a quarter of the world’s overall energy-related greenhouse gas emissions [2], with road
transport alone accounting for 75% of total greenhouse gas emissions [3]. Given the rapid
urbanization and increased motorization in developing nations, these emissions could rise
by as much as 60% by the year 2050 [4].

However, the implications of decarbonizing transport go beyond its environmental
benefits, as it has the potential to impact oral health. A shift to cleaner alternative energy
can significantly reduce the risk for poor respiratory health, mouth breathing, dry mouth,
and oral health problems like an increased risk of dental caries and periodontal diseases [5].
In addition, particulate matter that comes from vehicle emission is eliminated. Reduced
exposure to such particulate matter due to cleaner transportation options can contribute
to better oral health [6-9]. Furthermore, decarbonization efforts often encourage the
adoption of active transportation modes like walking and cycling. These activities promote
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activity and reduce sedentary lifestyles. A healthier lifestyle can positively impact oral
health by reducing the risk of conditions like obesity and diabetes, which are linked to
poor oral health outcomes [10,11]. Physical fitness and can lead to healthier lifestyle
choices such as consumption of diet rich in fruits and vegetables [12], which supports
oral health [13]. Finally, decarbonization efforts are accompanied by improved public
transportation systems, which can enhance dental service utilization, thereby ensuring that
dental problems are addressed in a timely manner [14]. Recognizing and understanding
these multifaceted relationships can lead to more holistic approaches to public health
initiatives that maximize this interconnectedness. We highlight the possible links between
decarbonization of transport and oral health and the implications for future research on
oral health.

1.1. Emissions from Vehicles and Oral Health

Emissions from vehicle exhaust, including carbon dioxide, methane, nitrous oxide, and
particulate matter, have been found to have an influence on oral health [15]. Preliminary
evidence suggests that the emission of greenhouse gases like carbon dioxide, methane,
and nitrous oxide may have a modest effect on the risk of early childhood caries, with
nitrous oxide specifically linked to its prevalence [16]. Fine and ultra-fine particulate
matter released during combustion processes can serve as carriers for polycyclic aromatic
hydrocarbons and toxic metals [17]. Polycyclic aromatic hydrocarbons are known to induce
Reactive Oxygen Species in the body [18], leading to oxidative stress, cell membrane
damage, lipid peroxidation, and subsequent cell dysfunction [19], increasing the risk of
oral cancer [20]. Additionally, toxic metals present in oral fluid have been associated with
oral diseases [21]. Prolonged exposure to high levels of transport emissions can heighten
the risk of oral diseases, including periodontal diseases, oral cancer, and dental caries.

1.2. Active Transportation and Oral Health

Decarbonizing transport involves the promotion of active modes of transportation,
such as walking and cycling, which not only contribute to the reduction of carbon emis-
sions but also offer direct benefits for oral health [22]. Active transportation plays a crucial
role in maintaining overall health. Regular exercise associated with active transportation
activates the sympathetic nervous system and stimulates saliva production while regu-
lating the secretion of various proteins from salivary glands [23-26] such as an increase
in the concentration of S-type cystatins and cystatin C [27]. These cystatins in saliva help
inhibit bacterial adhesion within the oral cavity by obstructing the binding of bacteria to
buccal epithelial cells and inhibiting the growth of periodontopathic organisms without
suppressing protease activity [28,29].

Additionally, after short and intense exercise, there is an immediate rise in the con-
centration or secretion rate of defense proteins in saliva, including x-amylase, lysozyme,
lactoferrin, the cathelicidin LL-37, and x-defensins [30-32]. These proteins are essential for
neutralizing acids produced by cariogenic bacteria, thereby potentially reducing the risk
of dental caries [33,34]. Physical activity also reduces inflammatory biomarkers which, in
turn, may improve periodontal health [35]. The concentration of these proteins in saliva
changes over time following exercise, remaining elevated for up to 15 min after physical
activity [27]. Moreover, increased physical activity associated with active transportation
provides systemic health benefits, thereby reducing the risk of systemic conditions that can
impact oral health, such as diabetes and cardiovascular diseases [36-38].

By promoting active modes of transportation, decarbonizing transport not only con-
tributes to a healthier environment but also improves oral health through increased physical
activity and the secretion of beneficial proteins in saliva. Of importance is the potential for
endeavors aimed at promoting the decarbonization of transportation to yield improved
oral hygiene and a reduced susceptibility to periodontal diseases and dental caries. Fur-
thermore, the lasting advantages for oral health that stem from the cumulative impact of
regular physical activity over an extended period are noteworthy. Through the integration
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of heightened physical activity into patients’ clinical oral healthcare strategies, healthcare
professionals can effectively tap into the multifaceted advantages of physical exercise to
enhance the outcomes of oral health. This, in turn, enables oral health clinicians to actively
endorse and indirectly advocate for the decarbonization of transportation. This approach
aligns harmoniously with a comprehensive approach to health that acknowledges the
interconnected nature of diverse bodily systems. It underscores the notion that actions
taken to enhance a specific facet of health, such as cardiovascular fitness, also exert positive
influences on oral health and overall well-being.

1.3. Electric Vehicle and Oral Health

Furthermore, the transition towards electric vehicles embodies a significant advance-
ment in the decarbonization of transport [39,40]. Unlike traditional internal combustion
engines, electric vehicles produce zero tailpipe emissions, eliminating the harmful pollu-
tants typically associated with air pollution [41]. By reducing exposure to these pollutants,
the risk of oral diseases may be mitigated. Furthermore, the adoption of electric vehicles
can indirectly contribute to improved oral health by reducing noise pollution [42]. This
reduction in noise pollution can have a positive impact on mental well-being which is
associated with better oral hygiene practices and overall oral health [43].

Previous research has provided evidence on the correlation between noise pollution
and negative mental health outcomes, including depression, anxiety, and other mental
disorders [44]. Chronic insomnia, which is associated with noise pollution, has also been
identified as a risk factor for these mental health issues [45,46]. Furthermore, noise pollution
has been linked to an increased risk of cardiometabolic diseases, including obesity [47,48].
These detrimental effects of noise pollution can have implications for oral health, con-
tributing to an increased risk of oral health problems [49-53]. Consequently, the reduction
in noise pollution achieved using electric vehicles can have a cascading effect, positively
impacting mental well-being and indirectly leading to improved oral health outcomes.

1.4. Transportation Infrastructure Development and Oral Health

The decarbonization of transport necessitates the development of sustainable infras-
tructure, such as the establishment of bike lanes, pedestrian-friendly pathways, and efficient
public transportation systems. This type of infrastructure not only promotes active modes of
transportation but also facilitates access to dental care facilities. Insufficient transportation
options have been identified as a significant barrier to accessing dental services, even for
individuals who may not face significant financial barriers to care [54,55]. Concerns about
transportation costs increases the likelihood of decreased dental visits [54]. By providing ef-
ficient public transportation systems, accessibility to timely and appropriate oral healthcare
services can be improved, addressing an important aspect of oral health disparities.

2. Discussion

The adoption of low-carbon transport alternatives can lead to a reduction in the
emission of harmful pollutants, resulting in improved oral health outcomes. Emphasizing
active transportation as a means of addressing pollution, climate change, and overall
health, including oral health, is crucial. Prior to the present study, the potential link
between active transportation, climate change, and oral health has not been explored to the
authors’ knowledge.

The decarbonization of transport can contribute to the Sustainable Development Goal
(SDG) 3 by promoting cost-effective methods of transportation, which is essential for re-
ducing inequality as highlighted SDG 10. Additionally, investments in walking and cycling
infrastructure serve as effective strategies for poverty reduction as highlighted by SDG 1.
Furthermore, decarbonization significantly contributes to the reduction of greenhouse gas
emissions, thus improving the climate and environment (SDG 13). These efforts also align
with SDG 9, which focuses on the development of sustainable transportation infrastructure,
and SDG 11, particularly its target of providing safe, affordable, accessible, and sustainable
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transport systems for all, improving road safety, and expanding public transport options.
By addressing these sustainable development goals, the decarbonization of transport can
positively impact oral health outcomes while simultaneously benefiting various aspects of
society and the environment.

Oral health is influenced by myriad factors, including oral hygiene practices [56],
diet [57-59], socioeconomic status [60,61], and environmental exposures [62]. Environmen-
tal factors, such as air and noise pollution, negatively impact oral health outcomes [63-65].
However, the direct association between decarbonization of transportation and oral health
is an emerging field of research, and more studies are needed to provide hard evidence of
these links. These studies should be country and context specific taking cognizance of the
different income levels. Disparities in the prevalence and access to oral health care differ by
country income levels [66,67]. This research agenda responds to the 2021 World Health As-
sembly resolution calling for the incorporation of oral health within the non-communicable
diseases’ agenda and for a public health approach to address oral health problems [68],
along with the 2023-2030 Global Strategy on Oral Health [69]. In addition, conducting
studies on the link between transport decarbonization and oral health will ensure that
oral health advocates are included in the discussions on the multi-sectoral solutions to
population health and wellbeing and moves away from decades long narrow focus on
teeth and oral cavity. Siloed endeavors to achieve the SDGs results from the failure to
acknowledge the interconnectedness of the goals and the importance of their combined
achievement for the wellbeing and prosperity of populations. Likewise, excluding critical
components of health, like oral health, from the plans and goals for the decarbonization of
transport as a strategic approach for healthy lives ignores the multiple connections between
oral and general health.

The findings of this study suggest that the planning of decarbonization strategies in
the transport sector should be carried out in conjunction with oral health experts. The
December 2019 Conference on Health and Active Transportation brought together experts
from the fields of transportation and health to discuss and shape the future of active trans-
portation. The conference focused on Innovative Practices, Building Strategic Institutional
Relationships, and Identifying Research Needs and Opportunities to pave the way for
sustainable transportation solutions [22]. However, it is noteworthy that the conference
outcomes and the derived conceptual model, which encompassed economic and systems
analysis, evaluation of emerging technologies and policies, efforts to address inclusivity,
disparities, and equity, as well as messaging and communication strategies, did not explic-
itly include an oral health perspective despite the strong relationship between oral health
and overall health [70,71]. By integrating oral health into the discussions and planning
processes surrounding decarbonization efforts in the transport sector, policymakers and
stakeholders can ensure that oral health is not overlooked in the pursuit of sustainable and
equitable transportation solutions.

Collaborative efforts between oral health experts, transportation planners, and pol-
icymakers can help identify specific research gaps and explore innovative strategies to
promote oral health within the context of active transportation and sustainable trans-
port infrastructure. Addressing oral health requires a multidimensional approach that
integrates sustainable transportation practices and oral health promotion strategies. Collab-
oration among policymakers, urban planners, healthcare professionals, and community
stakeholders. Such approaches may include incorporating oral health considerations into
urban planning, promoting active transportation through public health initiatives, and
integrating oral health education within sustainable transportation campaigns with the
aim of improving access to oral health care. The recognition of this interconnectedness
is vital for developing comprehensive and inclusive approaches that prioritize the oral
and general well-being of individuals and communities as we strive for a sustainable and
decarbonized future.

The bridges to link efforts to achieve sustainable and decarbonized transportation
with oral health promotion activities should not exclude the peculiar needs of low- and
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middle-income countries where these needs are acute. Sadly, most of the investment
and research toward sustainable transport is currently directed toward high-income mar-
kets [72]. Briceno-Garmendia et al. [73] made the economic case for expanding electric
vehicles to resource-limited settings and showed the significant opportunities for scaling
up transport electrification using electric buses and two/three-wheelers. Such events may
have a rippling effect on reducing oral health problems, which is currently skewed to
resource-limited settings [74] Inclusive agenda are needed to build on previous experiences
and avoid wasting of resources and time with detrimental impact on the wellbeing and
prosperity of populations.

3. Conclusions

The decarbonization of transport is crucial not only for mitigating climate change but
also for improving public health, including oral health. By transitioning to cleaner modes
of transportation, such as active transportation and electric vehicles, we can significantly re-
duce air pollution, thereby decreasing the risk of oral diseases. Furthermore, the promotion
of physical activity through sustainable transport infrastructure contributes to overall oral
health and well-being. Therefore, the global decarbonization of transport agenda needs to
actively include oral health considerations in its formulation and implementation.

Author Contributions: M.O.F. conceptualized the review and wrote the original draft preparation.
M.E.T. reviewed the manuscript and edited the paper. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. The World Bank. Global Facility to Decarbonize Transport. 2023. Available online: https://www.worldbank.org/en/topic/
transport/brief/global-facility-to-decarbonize-transport (accessed on 22 June 2023).

2. United Nations. Fact Sheet: Climate Change. 2021. Available online: https:/ /www.un.org/sites/un2.un.org/files/media_gstc/
FACT_SHEET_Climate_Change.pdf (accessed on 22 June 2023).

3. Conserve Energy Future. Modes and Benefits of Green Transportation. 2023. Available online: https://www.conserve-energy-
future.com/modes-and-benefits-of-green-transportation. php#:~:text=Out%200f%20the%20total %20greenhouse, future%20if %
20it%20continues%20unabated (accessed on 22 June 2023).

4. Minovi, S. Shaping the Future of Transport and Climate Action with Four Words. World Bank Blogs. 2022. Available online:
https:/ /blogs.worldbank.org/transport/shaping-future-transport-and-climate-action-four-words (accessed on 22 June 2023).

5. Tamkin, J. Impact of airway dysfunction on dental health. Bioinformation 2020, 16, 26-29. [CrossRef] [PubMed]

6. He, L,; Norris, C.; Cui, X,; Li, Z.; Barkjohn, K.K,; Teng, Y.; Fang, L.; Lin, L.; Wang, Q.; Zhou, X; et al. Oral cavity response to air
pollutant exposure and association with pulmonary inflammation and symptoms in asthmatic children. Environ. Res. 2022, 206,
112275. [CrossRef] [PubMed]

7. Marruganti, C.; Shin, H.-S.; Sim, S.-].; Grandini, S.; Lafori, A.; Romandini, M. Air Pollution as a Risk Indicator for Periodontitis.
Biomedicines 2023, 11, 443. [CrossRef]

8. Air pollution exposure may be linked to higher risk of mouth cancer. Br. Dent. J. 2018, 225, 800. [CrossRef]

9. Vo, T.T.T.; Wu, C.Z.; Lee, L.T. Potential effects of noxious chemical-containing fine particulate matter on oral health through
reactive oxygen species-mediated oxidative stress: Promising clues. Biochem. Pharmacol. 2020, 182, 114286. [CrossRef]

10. Brown, W.V,; Fujioka, K.; Wilson, PW.; Woodworth, K.A. Obesity: Why be concerned? Am. J. Med. 2009, 122, 4-11. [CrossRef]
[PubMed]

11. Nihtila, A.; West, N.; Lussi, A.; Bouchard, P; Ottolenghi, L.; Senekola, E.; Llodra, J.C.; Viennot, S.; Bourgeois, D. Oral Health Be-
havior and Lifestyle Factors among Overweight and Non-Overweight Young Adults in Europe: A Cross-Sectional Questionnaire
Study. Healthcare 2016, 4, 21. [CrossRef]

12. Alakaam, A.A H.; Lemacks, ].L. Fruit and Vegetable Consumption, Fat Intake, and Physical Activity Participation in Relation to
Socio-demographic Factors Among Medically Underserved Adults. AIMS Public Health 2015, 2, 402—-410. [CrossRef]

13. Scardina, G.A.; Messina, P. Good oral health and diet. J. Biomed. Biotechnol. 2012, 2012, 720692. [CrossRef]


https://www.worldbank.org/en/topic/transport/brief/global-facility-to-decarbonize-transport
https://www.worldbank.org/en/topic/transport/brief/global-facility-to-decarbonize-transport
https://www.un.org/sites/un2.un.org/files/media_gstc/FACT_SHEET_Climate_Change.pdf
https://www.un.org/sites/un2.un.org/files/media_gstc/FACT_SHEET_Climate_Change.pdf
https://www.conserve-energy-future.com/modes-and-benefits-of-green-transportation.php#:~:text=Out%20of%20the%20total%20greenhouse,future%20if%20it%20continues%20unabated
https://www.conserve-energy-future.com/modes-and-benefits-of-green-transportation.php#:~:text=Out%20of%20the%20total%20greenhouse,future%20if%20it%20continues%20unabated
https://www.conserve-energy-future.com/modes-and-benefits-of-green-transportation.php#:~:text=Out%20of%20the%20total%20greenhouse,future%20if%20it%20continues%20unabated
https://blogs.worldbank.org/transport/shaping-future-transport-and-climate-action-four-words
https://doi.org/10.6026/97320630016026
https://www.ncbi.nlm.nih.gov/pubmed/32025158
https://doi.org/10.1016/j.envres.2021.112275
https://www.ncbi.nlm.nih.gov/pubmed/34710437
https://doi.org/10.3390/biomedicines11020443
https://doi.org/10.1038/sj.bdj.2018.994
https://doi.org/10.1016/j.bcp.2020.114286
https://doi.org/10.1016/j.amjmed.2009.01.002
https://www.ncbi.nlm.nih.gov/pubmed/19410676
https://doi.org/10.3390/healthcare4020021
https://doi.org/10.3934/publichealth.2015.3.402
https://doi.org/10.1155/2012/720692

BioMed 2023, 3 397

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kiuchi, S.; Aida, J.; Kusama, T.; Yamamoto, T.; Hoshi, M.; Yamamoto, T.; Kondo, K.; Osaka, K. Does public transportation reduce
inequalities in access to dental care among older adults? Japan Gerontological Evaluation Study. Community Dent. Oral Epidemiol.
2020, 48, 109-118. [CrossRef]

Green Vehicle Guide. Understanding Emissions. 2023. Available online: https://www.greenvehicleguide.gov.au/pages/
UnderstandingEmissions/ VehicleEmissions#:~:text=The%20main%20greenhouse%20gas %20produced %20by%20vehicles %20
is%20carbon%20dioxide, produce%20nitrous%200xide%20and%20methane (accessed on 22 June 2023).

Folayan, M.O.; Tantawi, M.E.; Gaffar, B.; Schroth, R.J.; Catillo, J.L.; Al-Batayneh, O.B.; Kemoli, A.; Diaz, A.C.M,; Pavlic, V,;
Raswhan, M.; et al. An ecological study of the association between environmental indicators and early childhood caries. BMC
Res. Notes 2020, 13, 474. [CrossRef] [PubMed]

Cormier, S.A.; Lomnicki, S.; Backes, W.; Dellinger, B. Origin and health impacts of emissions of toxic by-products and fine
particles from combustion and thermal treatment of hazardous wastes and materials. Environ. Health Perspect. 2006, 114, 810-817.
[CrossRef] [PubMed]

Shahsavani, S.; Fararouei, M.; Soveid, M.; Hoseini, M.; Dehghani, M. The association between the urinary biomarkers of polycyclic
aromatic hydrocarbons and risk of metabolic syndromes and blood cell levels in adults in a Middle Eastern area. J. Environ. Health
Sci. Eng. 2021, 19, 1667-1680. [CrossRef] [PubMed]

Khademi, H.; Khozeimeh, F.; Tavangar, A.; Amini, S.; Ghalayani, P. The Serum and salivary level of malondialdehyde, vitamins
A, E, and C in patient with recurrent aphthous stomatitis. Adv. Biomed. Res. 2014, 3, 246. [CrossRef]

Schneider, K.; Roller, M.; Kalberlah, F; Schuhmacher-Wolz, U. Cancer risk assessment for oral exposure to PAH mixtures. J. Appl.
Toxicol. 2002, 22, 73-83. [CrossRef]

Herman, M.; Golasik, M.; Piekoszewski, W.; Walas, S.; Napierala, M.; Wyganowska-Swiatkowska, M.; Kurhanska-Flisykowska,
A.; Wozniak, A; Florek, E. Essential and Toxic Metals in Oral Fluid-a Potential Role in the Diagnosis of Periodontal Diseases. Biol.
Trace Elem. Res. 2016, 173, 275-282. [CrossRef]

Berrigan, D.; Dannenberg, A.L.; Lee, M.; Rodgers, K.; Wojcik, ].R.; Wali, B.; Tribby, C.P.; Buehler, R.; Sallis, J.F.; Roberts, ].D.; et al.
The 2019 Conference on Health and Active Transportation: Research Needs and Opportunities. Int. . Environ. Res. Public Health
2021, 18, 11842. [CrossRef]

Bocanegra, O.L.; Diaz, M.M.; Teixeira, R.R.; Soares, S.S.; Espindola, F.S. Determination of the lactate threshold by means of
salivary biomarkers: Chromogranin A as novel marker of exercise intensity. Eur. J. Appl. Physiol. 2012, 112, 3195-3203. [CrossRef]
Ligtenberg, A.]J.; Brand, H.S.; van den Keijbus, P.A.; Veerman, E.C. The effect of physical exercise on salivary secretion of MUC5B,
amylase and lysozyme. Arch. Oral Biol. 2015, 60, 1639-1644. [CrossRef]

Ventre, G.; Colonna, C.; Smith, J.; Alfano, D.; Moldow, R. Salivary VIP concentrations are elevated in humans after acute stress.
Peptides 2013, 49, 27-31. [CrossRef]

Aydin, S.; Aydin, S.; Kuloglu, T.; Yilmaz, M.; Kalayci, M.; Sahin, I.; Cicek, D. Alterations of irisin concentrations in saliva and
serum of obese and normal-weight subjects, before and after 45 min of a Turkish bath or running. Peptides 2013, 50, 13-18.
[CrossRef]

Sant’Anna, M.d.L.; Oliveira, L.T.; Gomes, D.V.; Marques, S.T.F,; Provance, D.W.,, Jr.; Sorenson, M.M.; Salerno, V.P. Physical exercise
stimulates salivary secretion of cystatins. PLoS ONE 2019, 14, e0224147. [CrossRef] [PubMed]

Blankenvoorde, M.E,; Henskens, Y.M.; van’t Hof, W.; Veerman, E.C.; Nieuw Amerongen, A.V. Inhibition of the growth and
cysteine proteinase activity of Porphyromonas gingivalis by human salivary cystatin S and chicken cystatin. Biol. Chem. 1996, 377,
847-850. [PubMed]

Ganeshnarayan, K.; Velliyagounder, K.; Furgang, D.; Fine, D.H. Human salivary cystatin SA exhibits antimicrobial effect against
Aggregatibacter actinomycetemcomitans. . Periodont. Res. 2012, 47, 661-673. [CrossRef] [PubMed]

Davison, G.; Allgrove, ].; Gleeson, M. Salivary antimicrobial peptides (LL-37 and alpha-defensins HNP1-3), antimicrobial and
IgA responses to prolonged exercise. Eur. |. Appl. Physiol. 2009, 106, 277-284. [CrossRef]

West, N.P,; Pyne, D.B.; Kyd, ] M.; Renshaw, G.M.; Fricker, P.A.; Cripps, A.W. The effect of exercise on innate mucosal immunity.
Br. J. Sports Med. 2010, 44, 227-231. [CrossRef] [PubMed]

Kunz, H.; Bishop, N.C.; Spielmann, G.; Pistillo, M.; Reed, J.; Ograjsek, T.; Park, Y.; Mehta, S.K.; Pierson, D.L.; Simpson, RJ.
Fitness level impacts salivary antimicrobial protein responses to a single bout of cycling exercise. Eur. J. Appl. Physiol. 2015, 115,
1015-1027. [CrossRef]

Bhalla, S.; Tandon, S.; Satyamoorthy, K. Salivary proteins and early childhood caries: A gel electrophoretic analysis. Contemp.
Clin. Dent. 2010, 1, 17-22.

Huttunen, M.; Kédmppi, A.; Soudunsaari, A.; Pakkild, J.; Tjaderhane, L.; Laitala, M.L.; Anttonen, V.; Patinen, P.; Tanner, T. The
association between dental caries and physical activity, physical fitness, and background factors among Finnish male conscripts.
Odontology 2023, 111, 192-200. [CrossRef]

Medapati, A.R.; Pachava, S. Effect of physical activity on oral health: A systematic review. J. Indian Assoc. Public Health Dent. 2022,
20, 125-130. [CrossRef]

Tanasescu, M.; Leitzmann, ML.E,; Rimm, E.B.; Hu, E.B. Physical activity in relation to cardiovascular disease and total mortality
among men with type 2 diabetes. Circulation 2003, 107, 2435-2439. [CrossRef] [PubMed]

Zheng, J.; Cheng, J.; Zheng, S.; Zhang, L.; Guo, X.; Zhang, J.; Xiao, X. Physical Exercise and Its Protective Effects on Diabetic
Cardiomyopathy: What Is the Evidence? Front. Endocrinol. 2018, 9, 729. [CrossRef]


https://doi.org/10.1111/cdoe.12508
https://www.greenvehicleguide.gov.au/pages/UnderstandingEmissions/VehicleEmissions#:~:text=The%20main%20greenhouse%20gas%20produced%20by%20vehicles%20is%20carbon%20dioxide,produce%20nitrous%20oxide%20and%20methane
https://www.greenvehicleguide.gov.au/pages/UnderstandingEmissions/VehicleEmissions#:~:text=The%20main%20greenhouse%20gas%20produced%20by%20vehicles%20is%20carbon%20dioxide,produce%20nitrous%20oxide%20and%20methane
https://www.greenvehicleguide.gov.au/pages/UnderstandingEmissions/VehicleEmissions#:~:text=The%20main%20greenhouse%20gas%20produced%20by%20vehicles%20is%20carbon%20dioxide,produce%20nitrous%20oxide%20and%20methane
https://doi.org/10.1186/s13104-020-05321-w
https://www.ncbi.nlm.nih.gov/pubmed/33028402
https://doi.org/10.1289/ehp.8629
https://www.ncbi.nlm.nih.gov/pubmed/16759977
https://doi.org/10.1007/s40201-021-00722-w
https://www.ncbi.nlm.nih.gov/pubmed/34900297
https://doi.org/10.4103/2277-9175.146366
https://doi.org/10.1002/jat.828
https://doi.org/10.1007/s12011-016-0660-0
https://doi.org/10.3390/ijerph182211842
https://doi.org/10.1007/s00421-011-2294-4
https://doi.org/10.1016/j.archoralbio.2015.07.012
https://doi.org/10.1016/j.peptides.2013.08.014
https://doi.org/10.1016/j.peptides.2013.09.011
https://doi.org/10.1371/journal.pone.0224147
https://www.ncbi.nlm.nih.gov/pubmed/31648256
https://www.ncbi.nlm.nih.gov/pubmed/8997496
https://doi.org/10.1111/j.1600-0765.2012.01481.x
https://www.ncbi.nlm.nih.gov/pubmed/22582873
https://doi.org/10.1007/s00421-009-1020-y
https://doi.org/10.1136/bjsm.2008.046532
https://www.ncbi.nlm.nih.gov/pubmed/18499767
https://doi.org/10.1007/s00421-014-3082-8
https://doi.org/10.1007/s10266-022-00717-5
https://doi.org/10.4103/jiaphd.jiaphd_142_21
https://doi.org/10.1161/01.CIR.0000066906.11109.1F
https://www.ncbi.nlm.nih.gov/pubmed/12719277
https://doi.org/10.3389/fendo.2018.00729

BioMed 2023, 3 398

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Chudyk, A.; Petrella, R.J. Effects of exercise on cardiovascular risk factors in type 2 diabetes: A meta-analysis. Diabetes Care 2011,
34,1228-1237. [CrossRef]

Scientific American. Cool Transportation Hacks Cities Are Using to Fight Climate Change. 2023. Available online: https:
/ /www.scientificamerican.com/article/cool-transportation-hacks-cities-are-using-to-fight-climate-change/ (accessed on 20
June 2023).

Goyal, A. The Future Is Electric: How Electric Vehicles Are Revolutionizing Transportation. The Climate Change Review. Avail-
able online: https://www.theclimatechangereview.com/post/the-future-is-electric-how-electric-vehicles-are-revolutionizing-
transportation (accessed on 20 June 2023).

European Public Health Alliance. Electric Vehicles and Air Pollution: The Claims and the Facts. 2021. Available online:
https:/ /epha.org/electric-vehicles-and-air-pollution-the-claims-and-the-facts/ (accessed on 20 June 2023).

Energy Your Way. Electric Cars: The Silent Solution to Noise Pollution. 2023. Available online: https://energy5.com/electric-
cars-the-silent-solution-to-noise-pollution (accessed on 20 June 2023).

Tiwari, T.; Kelly, A.; Randall, C.L.; Tranby, E.; Franstve-Hawley, J. Association Between Mental Health and Oral Health Status and
Care Utilization. Front. Oral Health 2022, 2, 732882. [CrossRef]

Hammersen, F.; Niemann, H.; Hoebel, J. Environmental Noise Annoyance and Mental Health in Adults: Findings from the
Cross-Sectional German Health Update (GEDA) Study 2012. Int. J. Environ. Res. Public Health 2016, 13, 954. [CrossRef]

Casey, J.A.; Morello-Frosch, R.; Mennitt, D.J.; Fristrup, K.; Ogburn, E.L.; James, P. Race/Ethnicity, Socioeconomic Status,
Residential Segregation, and Spatial Variation in Noise Exposure in the Contiguous United States. Environ. Health Perspect. 2017,
125, 077017. [CrossRef]

Neckelmann, D.; Mykletun, A.; Dahl, A.A. Chronic insomnia as a risk factor for developing anxiety and depression. Sleep 2007,
30, 873-880. [CrossRef]

Miinzel, T.; Serensen, M.; Daiber, A. Transportation noise pollution and cardiovascular disease. Nat. Rev. Cardiol. 2021, 18,
619-636. [CrossRef] [PubMed]

Foraster, M.; Eze, 1.C.; Vienneau, D.; Schaffner, E.; Jeong, A.; Héritier, H.; Rudzik, F; Thiesse, L.; Pieren, R.; Brink, M.; et al.
Long-term exposure to transportation noise and its association with adiposity markers and development of obesity. Environ. Int.
2018, 121 Pt 1, 879-889. [CrossRef] [PubMed]

Scrine, C.; Durey, A.; Slack-Smith, L. Enhancing oral health for better mental health: Exploring the views of mental health
professionals. Int. ]. Mental Health Nurs. 2018, 27, 178-186. [CrossRef]

Kisely, S.; Baghaie, H.; Lalloo, R.; Siskind, D.; Johnson, N.W. A systematic review and meta-analysis of the association between
poor oral health and severe mental illness. Psychosom. Med. 2015, 77, 83-92. [CrossRef] [PubMed]

De Oliveira Solis, A.C.; Marques, A.H.; Dominguez, W.V.; de Almeida Prado, E.B.; Pannuti, C.M.; Lotufo, R. EM.; Lotufo-Neto, F.
Evaluation of periodontitis in hospital outpatients with major depressive disorder. A focus on gingival and circulating cytokines.
Brain Behav. Immun. 2016, 53, 49-53. [CrossRef]

American Academy of Medical Orthodontics. The Connection between Insomnia and Dental Problems. 2023. Available online:
https:/ /medicalorthodontics.org/dental_articles/the-connection-between-insomnia-and-dental-problems/ (accessed on 22 June
2023).

King, S.; Chow, C.K.; Eberhard, J. Oral health and cardiometabolic disease: Understanding the relationship. Intern. Med. J. 2022,
52,198-205. [CrossRef] [PubMed]

McKernan, S.C.; Reynolds, J.C.; Ingleshwar, A.; Pooley, M.; Kuthy, R.A.; Damiano, P.C. Transportation Barriers and Use of Dental
Services among Medicaid-Insured Adults. JDR Clin. Trans. Res. 2018, 3, 101-108. [CrossRef] [PubMed]

Syed, S.T.; Gerber, B.S.; Sharp, L.K. Traveling towards disease: Transportation barriers to health care access. J. Community Health
2013, 38, 976-993. [CrossRef] [PubMed]

Centres for Disease Prevention and Control. Oral Health Tips. Available online: https://www.cdc.gov/oralhealth /basics /adult-
oral-health/tips.html#:~:text=Practice%20good%?20oral%20hygiene.,not%20use%20any%20tobacco%20products (accessed on 20
June 2023).

Palmer, C.A. Important Relationships Between Diet, Nutrition, and Oral Health. Nutr. Care 2001, 4, 4-14. [CrossRef]

Konig, K.G. Diet and Oral Health. Int. Dent. ]. 2000, 50, 162-174. [CrossRef]

Moynihan, P. The interrelationship between diet and oral health. Proc. Nutr. Soc. 2005, 64, 571-580. [CrossRef]

Chaffee, B.W.; Rodrigues, PH.; Kramer, PF; Vitolo, M.R.; Feldens, C.A. Oral health-related quality-of-life scores differ by
socioeconomic status and caries experience. Community Dent. Oral Epidemiol. 2017, 45, 216-224. [CrossRef]

Knorst, J.K,; Sfreddo, C.S.; de FMeira, G.; Zanatta, F.B.; Vettore, M.V.; Ardenghi, T.M. Socioeconomic status and oral health-related
quality of life: A systematic review and meta-analysis. Community Dent. Oral Epidemiol. 2021, 49, 95-102. [CrossRef]

Adler, C.J.; Cao, K.L.; Hughes, T.; Kumar, P.; Austin, C. How does the early life environment influence the oral microbiome and
determine oral health outcomes in childhood? Bioessays 2021, 43, e2000314. [CrossRef] [PubMed]

Chu, Y,; Kao, S.; Tantoh, D.M.; Ko, P; Lan, S.; Liaw, Y. Association between fine particulate matter and oral cancer among
Taiwanese men. J. Investig. Med. 2019, 67, 34-38. [CrossRef] [PubMed]

Ghorani-Azam, A.; Riahi-Zanjani, B.; Balali-Mood, M. Effects of air pollution on human health and practical measures for
prevention in Iran. J. Res. Med. Sci. 2016, 21, 65. [CrossRef]


https://doi.org/10.2337/dc10-1881
https://www.scientificamerican.com/article/cool-transportation-hacks-cities-are-using-to-fight-climate-change/
https://www.scientificamerican.com/article/cool-transportation-hacks-cities-are-using-to-fight-climate-change/
https://www.theclimatechangereview.com/post/the-future-is-electric-how-electric-vehicles-are-revolutionizing-transportation
https://www.theclimatechangereview.com/post/the-future-is-electric-how-electric-vehicles-are-revolutionizing-transportation
https://epha.org/electric-vehicles-and-air-pollution-the-claims-and-the-facts/
https://energy5.com/electric-cars-the-silent-solution-to-noise-pollution
https://energy5.com/electric-cars-the-silent-solution-to-noise-pollution
https://doi.org/10.3389/froh.2021.732882
https://doi.org/10.3390/ijerph13100954
https://doi.org/10.1289/EHP898
https://doi.org/10.1093/sleep/30.7.873
https://doi.org/10.1038/s41569-021-00532-5
https://www.ncbi.nlm.nih.gov/pubmed/33790462
https://doi.org/10.1016/j.envint.2018.09.057
https://www.ncbi.nlm.nih.gov/pubmed/30347370
https://doi.org/10.1111/inm.12307
https://doi.org/10.1097/PSY.0000000000000135
https://www.ncbi.nlm.nih.gov/pubmed/25526527
https://doi.org/10.1016/j.bbi.2015.11.014
https://medicalorthodontics.org/dental_articles/the-connection-between-insomnia-and-dental-problems/
https://doi.org/10.1111/imj.15685
https://www.ncbi.nlm.nih.gov/pubmed/35187824
https://doi.org/10.1177/2380084417714795
https://www.ncbi.nlm.nih.gov/pubmed/30938652
https://doi.org/10.1007/s10900-013-9681-1
https://www.ncbi.nlm.nih.gov/pubmed/23543372
https://www.cdc.gov/oralhealth/basics/adult-oral-health/tips.html#:~:text=Practice%20good%20oral%20hygiene.,not%20use%20any%20tobacco%20products
https://www.cdc.gov/oralhealth/basics/adult-oral-health/tips.html#:~:text=Practice%20good%20oral%20hygiene.,not%20use%20any%20tobacco%20products
https://doi.org/10.1046/j.1523-5408.2001.00101.x
https://doi.org/10.1111/j.1875-595X.2000.tb00555.x
https://doi.org/10.1079/PNS2005431
https://doi.org/10.1111/cdoe.12279
https://doi.org/10.1111/cdoe.12616
https://doi.org/10.1002/bies.202000314
https://www.ncbi.nlm.nih.gov/pubmed/34151446
https://doi.org/10.1136/jim-2016-000263
https://www.ncbi.nlm.nih.gov/pubmed/30301867
https://doi.org/10.4103/1735-1995.189646

BioMed 2023, 3 399

65.

66.

67.

68.

69.

70.

71.
72.
73.

74.

Han, D.H.; Kim, M.S. Are occupational and environmental noises associated with periodontitis? Evidence from a Korean
representative cross-sectional study. BMC Public Health 2021, 21, 616. [CrossRef]

Hosseinpoor, A.R.; Itani, L.; Petersen, P.E. Socio-economic inequality in oral healthcare coverage: Results from the World Health
Survey. J. Dent. Res. 2012, 91, 275-281. [CrossRef] [PubMed]

El Tantawi, M.; Folayan, M.O.; Mehaina, M.; Vukovic, A.; Castillo, ].L.; Gaffar, B.O.; Arheiam, A.; Al-Batayneh, O.B.; Kemoli,
AM.; Schroth, R].; et al. Prevalence and Data Availability of Early Childhood Caries in 193 United Nations Countries, 2007-2017.
Am. ]. Public Health 2018, 108, 1066—-1072. [CrossRef]

World Health Organization. Oral Health. In Proceedings of the Seventy-Fourth World Health Assembly, WHA74.5, Geneva,
Switzerland, 24-31 May 2021.

World Health Organization. Follow-up to the political declaration of the third high-level meeting of the General Assembly on the
prevention and control of non-communicable disease. In Proceedings of the Seventy-Fifth World Health Assembly Provisional,
Geneva, Switzerland, 27 April 2022.

Evans, C.A. The Connection Between Oral Health and Overall Health and Well-Being. In The U.S. Oral Health Workforce in
the Coming Decade: Workshop Summary; Institute of Medicine (US) Board on Health Care Services; National Academies Press:
Washington, DC, USA, 2009.

Sabbah, W.; Folayan, M.O.; El Tantawi, M. The Link between Oral and General Health. Int. ]. Dent. 2019, 2019, 7862923. [CrossRef]
The World Bank. #MovingtoZero: How Can We Make Low-carbon Transport a Reality? ND. Available online: https://www.
worldbank.org/en/topic/transport/brief/moving-to-zero (accessed on 23 June 2023).

Briceno-Garmendia, C.; Wenxin, Q.; Vivien, F. The Economics of Electric Vehicles for Passenger Transportation; Sustainable Infrastruc-
ture Series; World Bank: Washington, DC, USA, 2023. [CrossRef]

World Health Organization. Global Oral Health Status Report: Towards Universal Health Coverage for Oral Health by 2030; World
Health Organization: Geneva, Switzerland, 2022.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12889-021-10672-5
https://doi.org/10.1177/0022034511432341
https://www.ncbi.nlm.nih.gov/pubmed/22205634
https://doi.org/10.2105/AJPH.2018.304466
https://doi.org/10.1155/2019/7862923
https://www.worldbank.org/en/topic/transport/brief/moving-to-zero
https://www.worldbank.org/en/topic/transport/brief/moving-to-zero
https://doi.org/10.1596/978-1-4648-1948-3

	Introduction 
	Emissions from Vehicles and Oral Health 
	Active Transportation and Oral Health 
	Electric Vehicle and Oral Health 
	Transportation Infrastructure Development and Oral Health 

	Discussion 
	Conclusions 
	References

