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Air Quality Affects Early 
Childhood Development 
and Health

Beginning before birth, children’s health and development are powerfully affected by influences 
from their developmental environment—the full range of experiences and exposures they have 
in the places they live, grow, play, and learn—with implications for their lifelong health and 
well-being.1 Clean air is an essential part of a healthy developmental environment, and 
ensuring that all of us have clean air to breathe in all the spaces where we spend time—
indoors and out—offers a vital opportunity to support children’s healthy development.2 

The importance of outdoor air quality for health has long been recognized. However, most adults 
spend more than 90% of their time enclosed in buildings and vehicles—and during pregnancy and 
early childhood, it’s likely even more.3,4 In these places, the air contains a wide range of particles and 
chemicals, some of which have the potential to adversely affect children’s development and health. 
The Environmental Protection Agency estimates that levels of indoor air pollutants can be two to 
five times higher than outdoor levels due to poor ventilation; chemicals released from furniture, 
carpets, and cleaning products; indoor sources of pollution, such as byproducts of gas stove use; 
tobacco smoke; and outdoor pollution coming in due to “leaky” buildings and other factors.5,6

Not only are young children exposed to more indoor air pollutants, but they are also more affected 
by this pollution than most adults because they breathe more rapidly, they inhale a larger volume 
of air relative to their body size, and their respiratory, reproductive, endocrine, immune, digestive, 
and neurological systems are still developing—making them especially sensitive to exposures.7 

The flip side of this increased sensitivity is the powerful opportunity it presents to support 
healthy development by improving indoor air quality, beginning even before birth. 
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Air pollutants also disproportionately affect families with fewer resources and families of color 
because of discriminatory zoning, lending, and housing policies. These policies—both historical 
and current—have left a higher proportion of Black, Latine, and low-income families living in 
neighborhoods with lower-quality, substandard housing and school buildings compared with White 
and higher-income families.8,9 These neighborhoods are also disproportionately zoned for heavy 
commercial and industrial uses that expose residents to more industrial air pollution and traffic.8 
Solution strategies should prioritize marginalized communities as we work to improve air 
quality in the spaces where we spend the most time during pregnancy and early childhood.

How Indoor Air Quality Affects 
Babies and Young Children

Current research offers important findings on the ways air quality 
affects young children’s health and well-being, including: 

•	 Out-of-balance immune response: When airborne particles, chemicals, and allergens pass 
through the lungs and into the body, they trigger the immune system to respond. Inflammation, 
an important part of our immune response, protects the body from both physical particles and 
toxic components absorbed on the particles.10 But too much inflammation for too long, especially 
when the organs and brain are still developing, can weaken the immune system and contribute to 
lifelong inflammatory conditions such as heart disease, diabetes, and autoimmune disorders.1 

•	 Preterm birth: Exposure during pregnancy to airborne particles and gases such as nitrogen dioxide 
is associated with an increased risk of premature birth and low birth weight, both risk factors for a 
range of neurodevelopmental problems in childhood and later in life.11 	 	 	

•	 Diminished lung function: Exposure to air pollution during pregnancy can 
restrict the amount of oxygen sent to the fetus through placental blood and 
may cause the lungs to develop with a lower capacity to breathe.12  

•	 Disrupted brain development: In both early and later stages of brain development, 
the most common airborne particles can affect the brain, entering through nasal 
passages and passing across the protective blood barrier into the brain.13 The regions 
of the brain where cells are most affected include those associated with memory, 
learning, reactivity to stress, and regulating emotions and behavior.14 

•	 Endocrine disruption: Exposure to certain chemicals in the air can impact the 
body’s endocrine system, which is responsible for regulating hormones. These 
chemicals can mimic thyroid activity, impact the start of puberty, and potentially 
disrupt developmental pathways during pregnancy and early childhood.15
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•	 Unequal multiplier effects: There is likely a multiplier effect when stress and pollution—
both known triggers for inflammation—combine to cause even greater, and longer-lasting, 
spikes in the inflammatory response.1,10 For example, the combination of pollutants with high 
levels of psychosocial stress during pregnancy—such as significant stress caused by poverty, 
racism, mental illness, violence in the home or community, or environmental disasters such 
as wildfires—is associated with hypertension, preterm birth, and respiratory illness.10,16

To read about specific indoor air pollutants in children’s environments, see 
the section “What Pollutes Indoor Air” in the Working Paper.

Effective Strategies to Improve Air Quality 
and Support Healthy Development

Just as policy decisions have shaped our air quality over time, new policy decisions can help make 
our indoor air cleaner, addressing disproportionate impacts on many marginalized communities 
while creating healthier developmental environments for all our children. Actionable solutions 
to improve indoor air quality already exist and range from policy and regulation options to 
healthier housing and furniture materials. Implementing these strategies is critically important 
to public health overall and could have broad benefits for children and their caregivers. 

A balanced approach to cleaner indoor air requires implementing 
existing solutions and developing new ones at three key levels: 

1.	 Protect: Take immediate actions to reduce harm. 

2.	 Adapt: Allocate resources toward improving current systems, services, and infrastructure.

3.	 Prevent: Address the root causes of poor indoor air quality. 

All these approaches are necessary, all have ready solutions, and all can contribute 
to improving the health and development of our children. And many communities 
and cities in the US and around the world are already successfully implementing 
such strategies with positive effects. Some examples of solutions include:

•	 Monitor indoor air quality in early care centers and classrooms. To improve air quality 
and protect children in the spaces where they spend time, those responsible for buildings need 
to know what substances are contaminating their air, where these pollutants come from, and 
how big the problem is. This can be done through inexpensive indoor air quality sensors. 

•	 Switch to safer building, cleaning, and other household products. Commercial cleaning 
products, paints, and glues are a significant source of volatile organic compounds (VOCs) in 
indoor air.17 Requiring the use of low-VOC products and products free of “forever chemicals,” 
flame retardants, and phthalates in childcare facilities, schools, camps, and offices can 
protect children by reducing exposure during pregnancy and early childhood.18
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•	 Utilize portable, room-based air purifiers with HEPA filters. These free-
standing filters are cost-effective and can be useful when heating, ventilation, 
and air conditioning (HVAC) system updates are not possible or as an 
additional way to protect our children and ensure good air quality. 

•	 Make buildings healthier by adopting construction, maintenance, and oversight 
measures. This includes strategies like using ventilation that controls indoor sources 
of odors, chemicals, and carbon dioxide and filters out at least 75% of particles; choosing 
supplies, furnishings, and building materials with low chemical emissions; and 
implementing a pest management plan.19 For additional related strategies, see The 9 
Foundations of a Healthy Building from Harvard’s Healthy Buildings Program. 

•	 Develop and enact regional, state, and local policies and regulations. Policies aimed at 
preventing outdoor air pollution by tackling pollutants at the source—such as supporting 
the transition from fossil fuels like coal and gas to cleaner energy forms—are critical to 
improving our indoor air quality as well. But they are insufficient without new regulations 
that specifically address indoor air quality, like requiring that the cleaning and building 
products, carpets, furniture, and cooking appliances we use in places where we spend 
the most time during pregnancy and childhood are safe and free of toxins. Additionally, 
regulations can limit bus and vehicle idling near schools and residential neighborhoods 
and require childcare centers and schools to be sited in areas with less air pollution.

To read more about these solutions and others, and find resources for taking 
action, see the full paper, Air Quality Affects Early Childhood Development 
and Health: Working Paper No. 3 and related Solutions Spotlight. 

https://healthybuildings.hsph.harvard.edu/about/9-foundations-of-a-healthy-building/
https://healthybuildings.hsph.harvard.edu/about/9-foundations-of-a-healthy-building/
https://developingchild.harvard.edu/resources/working-paper/air-quality-affects-early-childhood-development/
https://developingchild.harvard.edu/resources/working-paper/air-quality-affects-early-childhood-development/
https://developingchild.harvard.edu/resources/policy-insights/solutions-spotlight-air-quality-affects-early-childhood-development/


DEVELOPINGCHILD.HARVARD.EDU

References

1.	 National Scientific Council on 
the Developing Child. Connecting 
the Brain to the Rest of the Body: 
Early Childhood Development 
and Lifelong Health Are Deeply 
Intertwined. Working Paper No. 15. 
National Scientific Council on the 
Developing Child; 2020. https://
developingchild.harvard.edu   

2.	 Cedeno-Laurent JG, Williams A, 
MacNaughton P, et al. Building 
evidence for health: green 
buildings, current science, 
and future challenges. Annu 
Rev Public Health. 2018;39:291-
308. doi:10.1146/annurev-
publhealth031816-044420 

3.	 Klepeis NE, Nelson WC, 
Ott WR, et al. The National 
Human Activity Pattern Survey 
(NHAPS): a resource for assessing 
exposure to environmental 
pollutants. J Expo Anal Environ 
Epidemiol. 2001;11(3):231-252. 
doi:10.1038/sj.jea.7500165 

4.	 Nethery E, Brauer M, Janssen 
P. Time-activity patterns 
of pregnant women and 
changes during the course of 
pregnancy. J Expo Sci Environ 
Epidemiol. 2009;19(3):317-324. 
doi:10.1038/jes.2008.24

5.	 US Environmental Protection 
Agency. How big a problem is 
poor indoor air quality (IAQ) 
in schools? US Environmental 
Protection Agency. https://
www.epa.gov/iaq-schools/
how-big-problem-poor-indoor-
airquality-iaq-schools 

6.	 US Environmental Protection 
Agency. Volatile organic 
compounds’ impact on indoor 
air quality. US Environmental 
Protection Agency. https://
www.epa.gov/indoor-
air-quality-iaq/volatile-
organic-compoundsimpact-
indoor-air-quality 

7.	 Holden KA, Lee AR, Hawcutt 
DB, Sinha IP. The impact of poor 
housing and indoor air quality on 
respiratory health in children. 
Breathe (Sheff). 2023;19(2):230058. 
doi:10.1183/20734735.0058-2023 

8.	 Swope CB, Hernandez D. Housing 
as a determinant of health equity: 
a conceptual model. Soc Sci Med. 
2019;243:112571. doi:10.1016/j.
socscimed.2019.112571 

9.	 Bryant-Stephens TC, Strane 
D, Robinson EK, Bhambhani 
S, Kenyon CC. Housing and 
asthma disparities. J Allergy Clin 
Immunol. 2021;148(5):1121-1129. 
doi:10.1016/j.jaci.2021.09.023 

10.	 Christensen GM, Marcus M, 
Naude PJW, et al. Joint effects 
of prenatal exposure to indoor 
air pollution and psychosocial 
factors on early life inflammation. 
Environ Res. 2024;252(Pt 1):118822. 
doi:10.1016/j.envres.2024.118822 

11.	 Sen A, Heredia N, Senut 
MC, et al. Multigenerational 
epigenetic inheritance in 
humans: DNA methylation 
changes associated with 
maternal exposure to lead can be 
transmitted to the grandchildren. 
Sci Rep. 2015;5:14466. 
doi:10.1038/srep14466

12.	  Cromar K, Gladson L, Gohlke J, 
Li Y, Tong D, Ewart G. Adverse 
health impacts of outdoor 
air pollution, including from 
wildland fires, in the United 
States: “Health of the Air,” 
2018-2020. Ann Am Thorac Soc. 
2024;21(1):76-87. doi:10.1513/
AnnalsATS.202305-455OC

13.	 Goodrich AJ, Kleeman MJ, 
Tancredi DJ, et al. Pre-pregnancy 
ozone and ultrafine particulate 
matter exposure during second 
year of life associated with 
decreased cognitive and adaptive 
functioning at aged 2-5 years. 
Environ Res. 2024;252(Pt 1):118854. 
doi:10.1016/j.envres.2024.118854

14.	  Zundel CG, Ryan P, Brokamp C, 
et al. Air pollution, depressive 
and anxiety disorders, and brain 
effects: a systematic review. 
Neurotoxicology. 2022;93:272-300. 
doi:10.1016/j.neuro.2022.10.011 

15.	 Young AS, Zoeller T, Hauser 
R, et al. Assessing indoor dust 
interference with human 
nuclear hormone receptors 

in cell-based luciferase 
reporter assays. Environ Health 
Perspect. 2021;129(4):047010. 
doi:10.1289/ehp8054 

16.	 Evans J, Bansal A, Schoenaker 
D, Cherbuin N, Peek MJ, Davis 
DL. Birth outcomes, health, and 
health care needs of childbearing 
women following wildfire 
disasters: an integrative, state-
of-the-science review. Environ 
Health Perspect. 2022;130(8):86001. 
doi:10.1289/EHP10544

17.	 Temkin AM, Geller SL, 
Swanson SA, Leiba NS, 
Naidenko OV, Andrews DQ. 
Volatile organic compounds 
emitted by conventional and 
“green” cleaning products in 
the U.S. market. Chemosphere. 
2023;341:139570. doi:10.1016/j.
chemosphere.2023.139570

18.	 Vardoulakis S, Giagloglou E, 
Steinle S, et al. Indoor exposure 
to selected air pollutants in 
the home environment: a 
systematic review. Int J Environ 
Res Public Health. 2020;17(23):8972. 
doi:10.3390/ijerph17238972

19.	 Allen JG. The 9 Foundations of a 
Healthy Building. Harvard T.H. 
Chan School of Public Health; 
2017. https://9foundations.
forhealth.org

https://developingchild.harvard.edu
https://developingchild.harvard.edu
https://www.epa.gov/iaq-schools/how-big-problem-poor-indoor-airquality-iaq-schools
https://www.epa.gov/iaq-schools/how-big-problem-poor-indoor-airquality-iaq-schools
https://www.epa.gov/iaq-schools/how-big-problem-poor-indoor-airquality-iaq-schools
https://www.epa.gov/iaq-schools/how-big-problem-poor-indoor-airquality-iaq-schools
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compoundsimpact-indoor-air-quality 
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compoundsimpact-indoor-air-quality 
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compoundsimpact-indoor-air-quality 
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compoundsimpact-indoor-air-quality 
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compoundsimpact-indoor-air-quality 
https://9foundations.forhealth.org
https://9foundations.forhealth.org

