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We appreciate the comments by Hauptman et al. (1)
highlighting the challenges in understanding how environ-
mental exposures and their inequities contribute to sleep
disruptions. The recent interest in how sleep, and the lack
thereof, affects human health has led several large cohort
studies, such as the California Teachers Study, to include
such questions in follow-up questionnaires. We agree with
Hauptman et al. that racial equity issues indeed require
further interrogation than present in our study (2); even in
in our cohort, non-Hispanic White participants experienced
lower levels of artificial light at night (ALAN), noise, and air
pollution and higher levels of green space compared with the
rest of the cohort (Table 1). Diverse populations are required
to further understand how the role that social and racial
disparities affect levels of light, green space, noise, and air
pollution and subsequent health effects.

The limitations of satellite imagery in assessing artificial
light at night (ALAN) are well known (3, 4), although new
technologies and efforts such as those being undertaken by
the Cities at Night project led by Dr. Alejandro Sánchez
(https://citiesatnight.org/) are helping to improve our abil-
ity to estimate exposure more accurately at the residential

level. Importantly, as noted by Hauptman et al., these new
measures include the ability to assess short-wavelength blue
light, believed to be most disruptive to circadian rhythm
(4, 5). While we were unable to assess indoor exposure to
ALAN, we recognize that it is of increasing concern, as
an estimated 85% of Americans now own a smartphone
(6). Many smartphones now include some form of built-in,
time-dependent blue light filtering to address these concerns,
and such filtering does appear to be an effective means of
at least partially reducing disruptions to circadian rhythm
(7, 8). The increased prevalence of smartphone ownership
across all racial, ethnic, and socioeconomic backgrounds,
and more recently smartwatches that include sleep tracking
features, provides opportunities to cost effectively include
measures of indoor ALAN and sleep patterns in future stud-
ies. Measurement of the correlation between outdoor light
and indoor exposure, as well as the relative contribution of
outdoor light to indoor exposure, remains an important focus
for future efforts. Such validation of satellite-based exposure
metrics, especially in cities where urban morphology differs
substantially from rural and suburban contexts, is likely to
yield further insights. In addition, smartphone apps may be

Table 1. Distribution of Environmental Exposures According to Race/Ethnicity, California Teachers Study Cohort,
United States, 2014

Environmental Exposure
Mean (SD)

Non-Hispanic White Participants Other Participants

Light at night, mcd/m2 2.68 (2.0) 3.77 (2.5)

Noise, dB 40.4 (5.9) 41.7 (6.2)

Green space, EVI 0.21 (0.06) 0.19 (0.06)

Air pollution, PM2.5 μg/m3 10.3 (4.0) 11.4 (4.2)

Abbreviations: dB, decibel; EVI, enhanced vegetation index; mcd, millicandela; PM2.5, particulate matter with an
aerodynamic diameter ≤2.5 μm; SD, standard deviation.
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an avenue for intervention through reinforcement of good
sleep habits. Several of these apps have been evaluated with
mixed results (9–11), and it has yet to be seen if such
interventions are sustainable outside of the research setting.

We appreciate the complex nature of the built environment
and the further work necessary on how different exposures
work synergistically or antagonistically to affect our health.
One potential solution could be improvements to green
space. Living in areas with greater green space appears to be
an effective means of improving mental health and sleep (12,
13). Green space appears to attenuate the detrimental health
outcomes observed with harmful environmental exposures,
and this reduction in risk may be more pronounced in
lower-income communities, possibly due to less reliance on
personal modes of transportation and greater utilization of
local green space (14). An example of how such findings
have been implemented can be seen in a unique community-
based intervention conducted in Philadelphia that showed
reductions in depression by converting vacant lots into green
space (15). Similar interventions, zoning, and policy level
changes may be a means of reducing these inequities and
achieving environmental justice.

ACKNOWLEDGMENTS

Author affiliations: Department of Population and Public
Health Sciences, Keck School of Medicine, University of
Southern California, Los Angeles, California, United States
(Charlie Zhong, Meredith Franklin); Division of Health
Analytics, Department of Computational and Quantitative
Medicine, Beckman Research Institute of the City of Hope
National Medical Center, Duarte, California, United States
(Sophia S. Wang); and Institute of the Environment and
Sustainability, University of California, Los Angeles, Los
Angeles, California, United States (Travis Longcore).

Research reported in this publication was supported by
the National Institute of Environmental Health Sciences of
the National Institutes of Health (award number
T32ES013678). The California Teachers Study and the
research reported in this publication were supported by the
National Cancer Institute of the National Institutes of
Health (award numbers U01-CA199277, P30-CA033572,
P30-CA023100, UM1-CA164917, and R01-CA077398).

The data underlying this article will be shared on
reasonable request to the corresponding author.

We thank the California Teachers Study Steering
Committee, which is responsible for the formation and
maintenance of the study within which this research was
conducted. A full list of California Teachers Study team
members is available at https://www.calteachersstudy.org/
team.

The content is solely the responsibility of the authors,
and the opinions, findings, and conclusions expressed
herein are those of the author(s) and do not necessarily
reflect the official views of the State of California,
Department of Public Health, the National Cancer Institute,
the National Institutes of Health, the Centers for Disease
Control and Prevention or their contractors and

subcontractors, or the Regents of the University of
California, or any of its programs.

Conflict of interest: none declared.

REFERENCES

1. Hauptman M, Lockley SW, Landrigan CP. Invited
commentary: there’s no place like home—integrating a
place-based approach to understanding sleep. Am J
Epidemiol. 2022;191(9):1540–1543.

2. Zhong C, Longcore T, Benbow J, et al. Environmental
influences on sleep in the California Teachers Study cohort.
Am J Epidemiol. 2022;191(9):1532–1539.

3. Elvidge CD, Baugh K, Zhizhin M, et al. VIIRS night-time
lights. Int J Remote Sens. 2017;38(21):5860–5879.

4. McIsaac MA, Sanders E, Kuester T, et al. The impact of
image resolution on power, bias, and confounding: a
simulation study of ambient light at night exposure. Environ
Epidemiol. 2021;5(2):e145.

5. Garcia-Saenz A, Sánchez de Miguel A, Espinosa A, et al.
Evaluating the association between artificial light-at-night
exposure and breast and prostate cancer risk in Spain
(MCC-Spain Study). Environ Health Perspect. 2018;
126(4):047011.

6. Pew Research Center. Demographics of mobile device
ownership and adoption in the United States. 2021. https://
www.pewresearch.org/internet/fact-sheet/mobile/. Accessed
March 3, 2022.

7. Schmid SR, Höhn C, Bothe K, et al. How smart is it to go to
bed with the phone? The impact of short-wavelength light
and affective states on sleep and circadian rhythms. Clocks
Sleep. 2021;3(4):558–580.

8. Mortazavi SAR, Parhoodeh S, Hosseini MA, et al. Blocking
short-wavelength component of the visible light emitted by
Smartphones’ screens improves human sleep quality.
J Biomed Phys Eng. 2018;8(4):375–380.

9. Huberty JL, Green J, Puzia ME, et al. Testing a mindfulness
meditation mobile app for the treatment of sleep-related
symptoms in adults with sleep disturbance: a randomized
controlled trial. PLoS One. 2021;16(1):e0244717.

10. Rayward AT, Plotnikoff RC, Murawski B, et al. Efficacy of
an m-health physical activity and sleep intervention to
improve sleep quality in middle-aged adults: the Refresh
Study randomized controlled trial. Ann Behav Med. 2020;
54(7):470–483.

11. Eyal S, Baharav A. 0383 sleep deficits can be efficiently
treated using e-therapy and a smartphone [abstract]. Sleep.
2017;40(suppl 1):A142–A143.

12. Shin JC, Parab KV, An R, et al. Greenspace exposure and
sleep: a systematic review. Environ Res. 2020;182:109081.

13. Twohig-Bennett C, Jones A. The health benefits of the great
outdoors: a systematic review and meta-analysis of
greenspace exposure and health outcomes. Environ Res.
2018;166:628–637.

14. Rigolon A, Browning MHEM, McAnirlin O, et al. Green
space and health equity: a systematic review on the potential
of Green space to reduce health disparities. Int J Environ Res
Public Health. 2021;18(5):2563.

15. South EC, Hohl BC, Kondo MC, et al. Effect of greening
vacant land on mental health of community-dwelling adults:
a cluster randomized trial. JAMA Netw Open. 2018;
1(3):e180298.

Am J Epidemiol. 2022;191(9):1544–1545

https://www.calteachersstudy.org/team
https://www.calteachersstudy.org/team
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/

	Zhong et al. Respond to "There's No Place Like Home"



