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Abstract:  Background: Climate change has raised significant concerns about its impact on health, 

particularly for vulnerable populations such as children and adolescents. While extensive research 

has examined physical health effects, limited attention has been given to the influence of extreme 

heat on developmental and behavioral outcomes. Objectives: This study investigates the 

association between extreme heat exposure and early puberty initiation (ages 9-10), using data from 

the Adolescent Brain Cognitive Development (ABCD) study. It further explores how early puberty 

correlates with behavioral problems and tobacco use initiation. Methods: Data from 11,878 

participants in the ABCD study were analyzed to examine the relationship between extreme heat 

exposure (independent variable) and puberty initiation (outcome). Behavioral problems and 

tobacco use initiation were evaluated as downstream outcomes of early puberty. Covariates 

included age, sex, and race/ethnicity, and behavioral problems were assessed using the Child 

Behavior Checklist (CBCL). Structural equation modeling (SEM) was employed for analysis. 

Results: Extreme heat exposure was significantly associated with earlier puberty initiation at ages 

9-10. Early puberty, in turn, correlated with higher levels of behavioral problems and an increased 

likelihood of tobacco use initiation. Conclusions: These findings underscore the importance of 

addressing environmental factors such as extreme heat to reduce risks associated with early 

maturation, including behavioral and substance use challenges. Targeted interventions and policies 

are needed to mitigate the impact of extreme heat on child development, and longitudinal studies 

are essential to confirm these results and inform effective prevention strategies. 

Keywords: Extreme Heat, Climate Change, Substance Use, Tobacco Use, Behavioral Problems, 

Puberty, Child Development, Socioeconomic Status, Vulnerable Populations 

 

1. Introduction 

Global temperatures have risen to unprecedented levels in recent decades, signaling 

profound climatic shifts since the mid-19th century. The Intergovernmental Panel on 

Climate Change (IPCC) [1] forecasts that the frequency and intensity of extreme heat 

events will continue to rise due to climate change. These patterns pose substantial 

challenges, particularly in economically disadvantaged regions where resources to 

How to cite this paper:  

Assari, S., Najand, B., & Zare, H. 

(2025). Heat Exposure Predicts 

Earlier Childhood Pubertal 

Initiation, Behavioral Problems, and 

Tobacco Use. Global Journal of 

Epidemiology and Infectious Disease, 

5(1), 1176. Retrieved from 

https://www.scipublications.com/jou

rnal/index.php/gjeid/article/view/11

76 

 

Received: July 21, 2024 

Revised: October 8, 2024 

Accepted: November 20, 2024 

Published: January 16, 2025 

 

Copyright: ©  2025 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(http://creativecommons.org/licenses

/by/4.0/). 



Shervin Assari et al. 2 of 11 
 

 

 

address environmental stressors are scarce [2]. Extreme heat disrupts local economies by 

driving up operational costs, reducing productivity, and negatively affecting agricultural 

yields and consumer demand [3-6]. 

The health consequences of extreme heat are equally alarming [7, 8]. Heat exposure 

has been linked to increased mortality and morbidity rates, complications in pregnancy, 

and adverse mental health outcomes. Prolonged heat stress impairs physical and 

cognitive performance, elevates occupational health risks, and exacerbates pre-existing 

vulnerabilities [2]. Globally, nearly half of the population experiences high-heat episodes, 

with a significant proportion facing negative health impacts [2]. However, many of these 

risks are preventable through the implementation of strategic heat action plans and the 

adoption of behavioral and technological interventions [2]. Urban areas, in particular, face 

amplified heat-related challenges due to vehicular emissions, building heat waste, and 

limited green spaces, creating urban heat islands that exacerbate exposure [2]. 

Children are particularly sensitive to extreme heat. Research indicates that higher 

temperatures are strongly associated with increased emergency department visits among 

young children, particularly those aged 0-4. An increase of 13°F in maximum daily 

temperature has been linked to a 2.6% rise in emergency visits (95% CI: 2.2-3.0), with 

similar patterns observed across racial and ethnic groups and a range of health outcomes, 

including heat-related illnesses and injuries [9, 10]. For children living in poverty, the risks 

are even more pronounced. These children often lack access to mitigating resources such 

as air conditioning, increasing their exposure to heat-related stress and exacerbating 

inequalities. 

Extreme heat can also influence developmental and behavioral outcomes, such as 

puberty initiation and high-risk behaviors like tobacco use. Emerging evidence suggests 

that socio-economic factors—including neighborhood SES, financial difficulties, and peer 

influences—may mediate the relationship between heat exposure and youth behaviors 

[26-29]. For example, Assari and Zare examined data from the Adolescent Brain Cognitive 

Development (ABCD) study, focusing on 11,878 children. Their findings revealed that 

higher levels of heat exposure were associated with lower SES, greater financial hardships, 

advanced pubertal development, and elevated delinquent behaviors. These results 

underscore the disproportionate impact of extreme heat on socioeconomically 

disadvantaged youth and highlight the pressing need for interventions to address these 

inequities [48]. 

Objectives: 

This study aims to fill a critical research gap by exploring the relationship between 

extreme heat exposure and puberty initiation at ages 9-10, using data from the ABCD 

study [16-25]. Additionally, it examines how early puberty correlates with behavioral 

problems and tobacco use initiation, reflecting the potential downstream effects of early 

maturation. By advancing understanding in this area, this research seeks to inform the 

development of effective interventions and strategies to mitigate the adverse impacts of 

climate change and extreme heat on child development. 

2. Methods 

2.1. Design and Sample 

This study utilized secondary data from the Adolescent Brain Cognitive 

Development (ABCD) study [16-25], a large-scale, longitudinal research project involving 

a diverse sample of pre-adolescent children from various racial, ethnic, and 

socioeconomic backgrounds. The methodology for the ABCD study has been extensively 

detailed in previous publications. Key strengths of this dataset include its national 

coverage, longitudinal design, and diversity across race, socioeconomic status (SES), and 

geographical regions. Participants were primarily recruited through schools. 
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2.2. Analytical Sample 

The analytical sample included all eligible youth from the ABCD study, irrespective 

of their racial, ethnic, or economic background. Participants were 9-10 years old at the 

baseline assessment, and a total of 11,878 children were included in this analysis. 

2.3. Ethics 

The ABCD study protocol was reviewed and approved by the Institutional Review 

Board (IRB) at the University of California, San Diego (UCSD). Written informed consent 

was obtained from parents, while children provided their assent to participate. 

2.4. Study Variables 

Puberty Stage at Age 9-10: Puberty is marked by several key physical and growth 

changes that signal the development of secondary sexual characteristics. In females, this 

includes breast development and the onset of menarche (the first menstrual period), while 

in males, it involves genital development, an increase in testicular volume, and the 

deepening of the voice. Both genders experience the growth of pubic hair, the appearance 

of axillary (underarm) hair, and notable growth spurts characterized by rapid increases in 

height and weight. Changes in body composition also occur, with females typically 

experiencing an increase in fat distribution and males gaining more muscle mass. Males 

may also develop facial hair as part of these transformative physical changes. Together, 

these indicators reflect the complex biological processes of puberty and physical 

maturation. The Tanner Stages, also known as the Sexual Maturity Rating (SMR), is the 

most widely used scale for assessing pubertal development. This scale categorizes puberty 

into five stages, ranging from Stage 1 (prepubertal) to Stage 5 (full maturity), based on 

physical markers of development. In females, it evaluates breast development, while in 

males, it assesses genital development. Additionally, the Tanner Stages measure the 

growth of pubic hair in both genders, providing a comprehensive assessment of physical 

maturation. Alongside Tanner Stages, the Pubertal Development Scale (PDS) is another 

tool used to evaluate pubertal changes, offering self-reported or parent-reported insights 

into various aspects of puberty, including growth spurts, body hair development, skin 

changes, and other secondary sexual characteristics.  

Race/Ethnicity: Parent-reported data on the race and ethnicity of participants were 

categorized into non-Latino White (reference group), Black, Latino, Asian, and other 

racial/ethnic groups. 

Family SES: Socioeconomic status was assessed using indicators such as household 

income and parental education levels. Family income was a 1-10 interval measure, where 

a higher score indicated a higher income. The total combined family income in the past 12 

months was asked. Responses were 1 = less than $5000; 2 = $5000; 3 = $12,000; 4 = $16,000; 

5 = $25,000; 6 = $35,000; 7 = $50,000; 8 = $75,000; 9 = $100,000; and 10 = $200,000. Parents 

were asked, What is the highest grade or level of school you have completed or the highest 

degree you and your spouse / partner have received? Responses were 0 = Never 

attended/Kindergarten only; 1 = 1st grade; 2 = 2nd grade; 3 = 3rd grade; 4 = 4th grade 4; 5 

= 5th grade; 6 = 6th grade 6; 7 = 7th grade 7; 8 = 8th grade; 9 = 9th grade; 10 = 10th grade 10; 

11 = 11th grade; 12 = 12th grade; 13 = high school graduate; 14 = GED or equivalent diploma; 

15 = some college; 16 = associate degree: occupational; 17 = associate degree: academic 

program; 18 = bachelor’s degree (ex. BA; 19 = master’s degree (ex. MA; 20 = professional 

school degree (ex. MD; 21 = doctoral degree. This variable was an interval measure with a 

range between 1 and 21. We adopted the Jaeger coding approach with a range from 31 to 

46. For both of these variables, a higher score indicates higher SES. 

Childhood Behavioral Problems: Behavioral issues were measured using the Child 

Behavior Checklist (CBCL), where higher scores indicated greater behavioral challenges. 
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Tobacco Use Initiation: Tobacco use initiation was defined as the first instance of 

reported use of any tobacco product, including cigarettes, e-cigarettes, and other related 

products, during any follow-up period. 

Neighborhood Median Home Value: This variable was derived from zip code-level 

data in the ABCD study’s residential history, representing the median home value in the 

neighborhood as a continuous measure of area-level SES. 

2.5. Data Analysis 

Data were analyzed using Stata software. Multivariable analyses employed 

structural equation modeling (SEM) to examine pathways linking heat wave exposure to 

tobacco use initiation. Mediators included childhood behavioral problems and MDD. 

Covariates such as age, sex, race/ethnicity, family SES, and neighborhood SES were 

included as potential confounders. Multicollinearity was checked and ruled out (all 

correlations were below 0.6). Results were reported as standardized path coefficients 

(beta), 95% confidence intervals (CI), and p-values. 

3. Results 

3.1. Puberty Initiation at Ages 9-10 

Table 1 and Figure 1 summarize the SEM that tested factors associated with puberty 

initiation at ages 9-10. Extreme heat exposure was significantly linked to earlier pubertal 

stage (B = 0.039, SE = 0.011, 95% CI: 0.018-0.061, p < 0.001), suggesting a potential role of 

environmental stress in accelerating biological maturation. Age was positively associated 

with puberty initiation (B = 0.113, SE = 0.010, 95% CI: 0.093-0.132, p < 0.001), while male 

gender was negatively associated (B = -0.079, SE = 0.010, 95% CI: -0.099 to -0.059, p < 0.001). 

Socioeconomic indicators, such as family income and education, did not show 

significant relationships with pubertal stage, nor did neighborhood income. However, 

race/ethnicity played a significant role, with Black (B = 0.082, SE = 0.012, 95% CI: 0.058-

0.106, p < 0.001), Latino (B = 0.031, SE = 0.012, 95% CI: 0.008-0.054, p = 0.010), and "Other" 

race/ethnicity groups (B = 0.030, SE = 0.011, 95% CI: 0.008-0.051, p = 0.006) being positively 

associated with earlier puberty relative to the reference group. 

3.2. Behavioral Problems 

Puberty initiation at ages 9-10 was positively associated with behavioral problems (B 

= 0.024, SE = 0.010, 95% CI: 0.004-0.044, p = 0.017). Heat exposure also had a significant 

direct association with increased behavioral problems (B = 0.029, SE = 0.010, 95% CI: 0.010-

0.048, p = 0.003). Male gender (B = 0.110, SE = 0.009, 95% CI: 0.092-0.127, p < 0.001) and 

lower family income (B = -0.189, SE = 0.013, 95% CI: -0.216 to -0.163, p < 0.001) were 

additional predictors of behavioral problems. 

In contrast, Black (B = -0.065, SE = 0.011, 95% CI: -0.087 to -0.044, p < 0.001), Latino (B 

= -0.043, SE = 0.010, 95% CI: -0.063 to -0.022, p < 0.001), and Asian (B = -0.041, SE = 0.009, 

95% CI: -0.059 to -0.024, p < 0.001) race/ethnicity groups were negatively associated with 

behavioral problems compared to the reference group. 

3.3. Tobacco Use Initiation 

Puberty initiation at ages 9-10 was positively associated with tobacco use initiation 

(B = 0.033, SE = 0.010, 95% CI: 0.014-0.053, p = 0.001), highlighting a link between early 

maturation and tobacco use initiation as a risk-taking behavior. Heat exposure also 

demonstrated a direct positive effect on tobacco use initiation (B = 0.047, SE = 0.010, 95% 

CI: 0.028-0.066, p < 0.001). 

Other significant predictors of tobacco use included age (B = 0.072, SE = 0.009, 95% 

CI: 0.054-0.090, p < 0.001) and lower family income (B = -0.045, SE = 0.014, 95% CI: -0.073 

to -0.018, p = 0.001). Black (B = -0.036, SE = 0.011, 95% CI: -0.058 to -0.014, p = 0.001) and 
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Asian (B = -0.029, SE = 0.009, 95% CI: -0.048 to -0.011, p = 0.001) adolescents were less likely 

to initiate tobacco use compared to Whites. 

 

 

 

 

Figure 1. Summary of the Structural Equation Model (SEM)  

Note: Heat: Extreme Heat Exposure; N Income: Neighborhood Income; Other: Other Race; Par Edu: Parental Education; CBCL: 

Child Behavior Checklist Score; Tob: Tobacco Use Initiation.  
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Table 1. Summary of the Structural Equation Model (SEM). 

Independent Variable  Dependent Variable B SE 95% CI p 

        

Pubertal Stage (at Age 9-10) → Behavioral Problems 0.024 0.010 0.004 0.044 0.017 

Age (9-10) → Behavioral Problems -0.017 0.009 -0.034 0.001 0.066 

Gender (Male)  → Behavioral Problems 0.110 0.009 0.092 0.127 < 0.001 

Family Income → Behavioral Problems -0.189 0.013 -0.216 -0.163 < 0.001 

Family Education → Behavioral Problems -0.003 0.012 -0.027 0.021 0.784 

Heat Exposure → Behavioral Problems 0.029 0.010 0.010 0.048 0.003 

Neighborhood Income / 50000 → Behavioral Problems 0.001 0.011 -0.020 0.022 0.936 

Race/Ethnicity (Black) → Behavioral Problems -0.065 0.011 -0.087 -0.044 < 0.001 

Race/Ethnicity (Latino) → Behavioral Problems -0.043 0.010 -0.063 -0.022 < 0.001 

Race/Ethnicity (Asian) → Behavioral Problems -0.041 0.009 -0.059 -0.024 < 0.001 

Race/Ethnicity (Other) → Behavioral Problems 0.023 0.009 0.005 0.042 0.013 

Intercept → Behavioral Problems 1.786 0.255 1.286 2.286 < 0.001 

        

Pubertal Stage (at Age 9-10) → Tobacco Use Initiation 0.033 0.010 0.014 0.053 0.001 

Age (9-10) → Tobacco Use Initiation 0.072 0.009 0.054 0.090 < 0.001 

Gender (Male)  → Tobacco Use Initiation -0.012 0.009 -0.030 0.006 0.208 

Family Income → Tobacco Use Initiation -0.045 0.014 -0.073 -0.018 0.001 

Parental Education → Tobacco Use Initiation -0.023 0.012 -0.048 0.001 0.064 

Heat Exposure → Tobacco Use Initiation 0.047 0.010 0.028 0.066 < 0.001 

Neighborhood Income / 50000 → Tobacco Use Initiation 0.022 0.011 0.001 0.043 0.043 

Race/Ethnicity (Black) → Tobacco Use Initiation -0.036 0.011 -0.058 -0.014 0.001 

Race/Ethnicity (Latino) → Tobacco Use Initiation 0.004 0.011 -0.017 0.025 0.698 

Race/Ethnicity (Asian) → Tobacco Use Initiation -0.029 0.009 -0.048 -0.011 0.001 

Race/Ethnicity (Other) → Tobacco Use Initiation 0.015 0.010 -0.004 0.034 0.111 

Intercept → Tobacco Use Initiation -0.693 0.261 -1.204 -0.181 0.008 

        

Age (9-10) → Puberty Stage (Age 9-10) 0.113 0.010 0.093 0.132 < 0.001 

Gender (Male)  → Puberty Stage (Age 9-10) -0.079 0.010 -0.099 -0.059 < 0.001 

Family Income → Puberty Stage (Age 9-10) -0.016 0.015 -0.046 0.014 0.291 

Family Education → Puberty Stage (Age 9-10) -0.015 0.014 -0.042 0.012 0.273 

Heat Exposure → Puberty Stage (Age 9-10) 0.039 0.011 0.018 0.061 0.000 

Neighborhood Income / 50000 → Puberty Stage (Age 9-10) -0.013 0.012 -0.037 0.010 0.270 

Race/Ethnicity (Black) → Puberty Stage (Age 9-10) 0.082 0.012 0.058 0.106 < 0.001 

Race/Ethnicity (Latino) → Puberty Stage (Age 9-10) 0.031 0.012 0.008 0.054 0.010 

Race/Ethnicity (Asian) → Puberty Stage (Age 9-10) 0.017 0.010 -0.003 0.038 0.094 

Race/Ethnicity (Other) → Puberty Stage (Age 9-10) 0.030 0.011 0.008 0.051 0.006 

Intercept → Puberty Stage (Age 9-10) -0.159 0.290 -0.728 0.410 0.583 

4. Discussion 

The primary goal of this study was to investigate the relationship between extreme 

heat exposure and early puberty initiation at ages 9-10, using data from the Adolescent 

Brain Cognitive Development (ABCD) study [16-25]. Additionally, we aimed to examine 

the socio-demographic factors—such as race/ethnicity, family and neighborhood 
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socioeconomic status (SES), and financial hardships—that may amplify children’s 

vulnerability to extreme heat exposure. The study also explored how early puberty 

initiation correlates with subsequent behavioral problems and tobacco use, reflecting the 

potential consequences of early maturation. 

Our findings identified a significant association between exposure to extreme heat 

and early puberty initiation at ages 9-10. Children exposed to higher levels of heat were 

more likely to come from low-SES families, live in economically disadvantaged 

neighborhoods, and face greater financial difficulties. Early puberty initiation, in turn, 

was linked to increased behavioral problems and tobacco use, emphasizing the broader 

developmental implications of early maturation associated with heat exposure. 

Disproportionate exposure to extreme heat among Black youth can be attributed to 

structural and historical inequities. Systemic racism and historical segregation have 

concentrated Black communities in regions more prone to extreme heat, such as the 

southern United States, where poverty rates are also higher [30-34]. Urban heat island 

effects exacerbate these conditions, as Black families are more likely to reside in areas with 

limited green spaces, higher population density, and inadequate infrastructure [35-37]. 

These environmental stressors may contribute to physiological and psychological stress, 

potentially accelerating biological maturation and increasing the likelihood of early 

puberty. 

Early puberty and pubertal initiation represent critical developmental milestones 

that often serve as gateways to profound changes in a child's social environment, 

cognitive processes, and behavior. The onset of puberty introduces hormonal shifts that 

influence emotional regulation, decision-making, and risk perception, potentially 

heightening susceptibility to risk-taking behaviors such as tobacco use and substance 

experimentation. Socially, early-maturing youth may find themselves navigating 

environments that are more aligned with older peers, leading to increased exposure to 

peer influences and activities that may not align with their chronological age. These shifts 

often accelerate psychosocial transitions, including changes in identity, autonomy, and 

interpersonal relationships, which can create additional stress and challenge emotional 

regulation. Cognitive changes during this period, including greater impulsivity and 

heightened sensitivity to rewards, can further predispose early maturers to risk-taking 

behaviors and difficulties with behavioral control. The interaction of these social, 

cognitive, and biological changes underscores the importance of understanding early 

puberty as a dynamic and multifaceted gateway to developmental shifts, which may carry 

both opportunities and risks for long-term outcomes. 

Children from lower SES families are similarly vulnerable. Limited access to 

resources, such as adequate cooling systems and well-insulated housing, increases 

exposure to heat stress [38-42]. Financial hardships further compound these risks, as 

families may lack the means to invest in cooling solutions or relocate to less heat-prone 

environments. Chronic stress resulting from financial insecurity can also disrupt 

hormonal regulation, potentially contributing to earlier puberty. 

Neighborhood SES plays a critical role in amplifying vulnerability. Economically 

disadvantaged neighborhoods often lack infrastructure, such as parks, pools, or air-

conditioned facilities, which can mitigate the effects of extreme heat [44]. These 

neighborhoods may also expose children to additional stressors, such as pollution and 

unsafe recreational spaces, further compounding the risk of early maturation and its 

associated behavioral outcomes. 

The association between early puberty initiation and behavioral problems aligns with 

existing literature on early maturation. Physiological and hormonal changes linked to 

early puberty may lead to difficulties with emotional regulation, irritability, and 

impulsivity. These factors can increase the likelihood of engaging in risky behaviors, 

including tobacco use. Early puberty may also result in heightened social pressures and 



Shervin Assari et al. 8 of 11 
 

 

 

peer influences, further increasing susceptibility to delinquent behaviors and substance 

use. 

4.1. Implications 

These findings underscore the critical need for interventions to mitigate the impact 

of extreme heat on vulnerable populations. Strategies should include improving access to 

air conditioning, enhancing housing quality, and expanding urban greening initiatives to 

reduce heat exposure in low-SES neighborhoods. Additionally, schools and community 

organizations can play a pivotal role by offering structured activities in air-conditioned 

spaces, particularly during heatwaves. Public health campaigns should address the 

developmental and behavioral risks associated with early puberty, providing families 

with resources to support children during these critical transitions. 

4.2. Future Research 

Future studies should employ longitudinal designs to track the long-term impacts of 

extreme heat exposure on puberty timing and subsequent behavioral outcomes. 

Examining the cumulative effects of repeated heat exposure across critical developmental 

periods will provide a more nuanced understanding of how environmental stressors 

influence biological and behavioral trajectories. Further research should also investigate 

the interplay between extreme heat and other socio-environmental stressors, such as 

pollution and food insecurity, to create a comprehensive framework for addressing 

compound vulnerabilities. 

Evaluating the effectiveness of mitigation strategies, such as community cooling 

centers, urban greening, and energy-efficient housing, is essential to inform public health 

and policy interventions. Research should also explore the role of educational institutions 

in promoting heat safety awareness and reducing exposure among children. Tailoring 

these interventions to account for regional and demographic differences will ensure 

equitable access to resources and improve outcomes for at-risk populations. 

4.3. Limitations 

This study has several limitations. Puberty initiation and subsequent behavioral 

outcomes were measured based on self-reported data, which may be subject to reporting 

biases. Future research should consider using biological markers or clinician assessments 

to validate self-reported puberty timing. Additionally, the cross-sectional nature of this 

analysis limits causal interpretations. Longitudinal studies are needed to clarify the 

temporal relationships between heat exposure, early puberty, and subsequent behavioral 

outcomes. The analysis may not fully account for all confounding variables, such as 

parental supervision, diet, and exposure to endocrine-disrupting chemicals, which could 

influence puberty timing. Expanding future models to include these variables would 

improve the robustness of the findings. Lastly, while the ABCD study provides a diverse 

sample, the results may not be generalizable to all geographic or demographic groups. 

Despite these limitations, the findings offer valuable insights into the impact of extreme 

heat on early maturation and its behavioral consequences. 

5. Conclusion 

This study highlights a significant association between extreme heat exposure and 

early puberty initiation at ages 9-10, with subsequent links to behavioral problems and 

tobacco use. Vulnerable populations, particularly Black youth and children from low-SES 

families and neighborhoods, face compounded risks due to environmental and socio-

economic disparities. These findings underscore the urgency of targeted interventions to 

address the effects of extreme heat on child development and mitigate disparities 

exacerbated by climate change. Protecting vulnerable youth from these stressors is 

essential for safeguarding their health, development, and future well-being. 



Shervin Assari et al. 9 of 11 
 

 

 

 
Authors’ Contributions: 

Conceptualization, SA; methodology SA; validation HZ; formal analysis, SA.; resources, SA and HZ; 

data curation, SA; writing—original draft preparation, SA; writing—review and editing, HZ 

visualization, SA; supervision HZ, project administration, SA; Both authors have read and agreed 

to the published version of the manuscript. 

Authors’ Funding: 

Shervin Assari research is partially supported by Funds provided by The Regents of the University 

of California, Tobacco-Related Diseases Research Program, Grant Number no T32IR5355. Part of 

Hossein Zare effort comes from the NIMHD U54MD000214. No funders had any role in the design 

of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, 

or in the decision to publish the results. 

ABCD Funding: 

Data used in the preparation of this article were obtained from the Adolescent Brain Cognitive 

Development (ABCD) Study (https://abcdstudy.org), held in the NIMH Data Archive (NDA). This 

is a multisite, longitudinal study designed to recruit more than 10,000 children age 9-10 and follow 

them over 10 years into early adulthood. The opinions, findings, and conclusions herein are those 

of the authors and not necessarily represent The Regents of the University of California, or any of 

its programs. The ABCD Study®  is supported by the National Institutes of Health and additional 

federal partners under award numbers U01DA041048, U01DA050989, U01DA051016, 

U01DA041022, U01DA051018, U01DA051037, U01DA050987, U01DA041174, U01DA041106, 

U01DA041117, U01DA041028, U01DA041134, U01DA050988, U01DA051039, U01DA041156, 

U01DA041025, U01DA041120, U01DA051038, U01DA041148, U01DA041093, U01DA041089, 

U24DA041123, U24DA041147. A full list of supporters is available at https://abcdstudy.org/federal-

partners.html. A listing of participating sites and a complete listing of the study investigators can 

be found at https://abcdstudy.org/consortium_members/. ABCD consortium investigators designed 

and implemented the study and/or provided data but did not necessarily participate in the analysis 

or writing of this report. This manuscript reflects the views of the authors and may not reflect the 

opinions or views of the NIH or ABCD consortium investigators. 

 

 

References 

[1] CHANGE OC. Intergovernmental panel on climate change. World Meteorological Organization. 2007;52:1-43. 

[2] Ebi KL, Capon A, Berry P, Broderick C, de Dear R, Havenith G, et al. Hot weather and heat extremes: health risks. The lancet. 

2021;398(10301):698-708. 

[3] Graff Zivin J, Neidell M. Temperature and the allocation of time: Implications for climate change. Journal of Labor Economics. 

2014;32(1):1-26. 

[4] Blanc E, Schlenker W. The use of panel models in assessments of climate impacts on agriculture. Review of Environmental 

Economics and Policy. 2017. 

[5] Jessoe K, Manning DT, Taylor JE. Climate change and labour allocation in rural Mexico: Evidence from annual fluctuations in 

weather. The Economic Journal. 2018;128(608):230-61. 

[6] Addoum JM, Ng DT, Ortiz-Bobea A. Temperature shocks and industry earnings news. Journal of Financial Economics. 

2023;150(1):1-45. 

[7] Meierrieks D. Weather shocks, climate change and human health. World Development. 2021;138:105228. 

[8] Andalón M, Azevedo JP, Rodríguez-Castelán C, Sanfelice V, Valderrama-González D. Weather shocks and health at birth in 

Colombia. World Development. 2016;82:69-82. 

[9] Sheffield PE, Herrera MT, Kinnee EJ, Clougherty JE. Not so little differences: variation in hot weather risk to young children in 

New York City. Public health. 2018;161:119-26. 

[10] Xu Z, Sheffield PE, Su H, Wang X, Bi Y, Tong S. The impact of heat waves on children’s health: a systematic review. International 

journal of biometeorology. 2014;58:239-47. 

[11] Aguilar-Gomez S, Gutierrez E, Heres D, Jaume D, Tobal M. Thermal stress and financial distress: Extreme temperatures and 

firms’ loan defaults in Mexico. Journal of Development Economics. 2024;168:103246. 



Shervin Assari et al. 10 of 11 
 

 

 

[12] Smith TT, Zaitchik BF, Gohlke JM. Heat waves in the United States: definitions, patterns and trends. Climatic change. 

2013;118:811-25. 

[13] Gershunov A, Guirguis K. California heat waves in the present and future. Geophysical Research Letters. 2012;39(18). 

[14] Ganguly AR, Steinhaeuser K, Erickson III DJ, Branstetter M, Parish ES, Singh N, et al. Higher trends but larger uncertainty and 

geographic variability in 21st century temperature and heat waves. Proceedings of the National Academy of Sciences. 

2009;106(37):15555-9. 

[15] Ding T, Qian W, Yan Z. Changes in hot days and heat waves in China during 1961-2007. International Journal of Climatology. 

2010;30(10):1452-62. 

[16] Casey B, Cannonier T, Conley MI, Cohen AO, Barch DM, Heitzeg MM, et al. The adolescent brain cognitive development 

(ABCD) study: imaging acquisition across 21 sites. Developmental cognitive neuroscience. 2018;32:43-54. 

[17] Lisdahl KM, Sher KJ, Conway KP, Gonzalez R, Ewing SWF, Nixon SJ, et al. Adolescent brain cognitive development (ABCD) 

study: Overview of substance use assessment methods. Developmental cognitive neuroscience. 2018;32:80-96. 

[18] Yang R, Jernigan TL. Adolescent Brain Cognitive Development DEAP Study (ABCD) Release 2.0.1 Update. Adolescent Brain 

Cognitive Development Study (ABCD) 201 Release. 2019. 

[19] Pohl KM, Thompson WK, Adeli E, Linguraru MG. Adolescent brain cognitive development neurocognitive prediction. Lecture 

Notes in Computer Science, 1st edn Springer, Cham. 2019. 

[20] Jernigan TL, Brown SA, Dowling GJ. The adolescent brain cognitive development study. Journal of research on adolescence: 

the official journal of the Society for Research on Adolescence. 2018;28(1):154. 

[21] Bissett PG, Hagen MP, Jones HM, Poldrack RA. Design issues and solutions for stop-signal data from the Adolescent Brain 

Cognitive Development (ABCD) study. Elife. 2021;10:e60185. 

[22] Hagler DJ, Jr., Hatton S, Cornejo MD, Makowski C, Fair DA, Dick AS, et al. Image processing and analysis methods for the 

Adolescent Brain Cognitive Development Study. NeuroImage. 2019;202. 

[23] Dick AS, Lopez DA, Watts AL, Heeringa S, Reuter C, Bartsch H, et al. Meaningful associations in the adolescent brain cognitive 

development study. NeuroImage. 2021;239:118262. 

[24] Alcohol Research: Current Reviews Editorial S. NIH's Adolescent Brain Cognitive Development (ABCD) Study. Alcohol Res. 

2018;39(1):97. 

[25] Sullivan RM, Wade NE, Wallace AL, Tapert SF, Pelham WE, 3rd, Brown SA, et al. Substance use patterns in 9 to 13-year-olds: 

Longitudinal findings from the Adolescent Brain Cognitive Development (ABCD) study. Drug Alcohol Depend Rep. 2022;5. 

[26] Nye FI, Short Jr JF, Olson VJ. Socioeconomic status and delinquent behavior. American Journal of Sociology. 1958;63(4):381-9. 

[27] Baron SW. Street youth, gender, financial strain, and crime: Exploring Broidy and Agnew's extension to general strain theory. 

Deviant Behavior. 2007;28(3):273-302. 

[28] Rees C, Zimmerman GM. The first delinquent peers are the most important: Examining nonlinearity in the peer effect. Justice 

Quarterly. 2016;33(3):427-54. 

[29] Najman JM, Hayatbakhsh MR, McGee TR, Bor W, O'Callaghan MJ, Williams GM. The impact of puberty on 

aggression/delinquency: Adolescence to young adulthood. Australian & New Zealand Journal of Criminology. 2009;42(3):369-

86. 

[30] Jewett CE, Allen JO. Slavery in the South: A State-by-state History: Bloomsbury Publishing USA; 2004. 

[31] Ball C. Slavery in the United States: A Narrative of the Life and Adventures of Charles Ball, a Black Man, who Lived Forty Years 

in Maryland, South Carolina and Georgia, as a Slave: JT Shryock; 1854. 

[32] Cooper Jr WJ. The South and the Politics of Slavery, 1828-1856: LSU Press; 1980. 

[33] Moen JR. Poverty in the South. Economic Review-Federal Reserve Bank of Atlanta. 1989;74(1):36. 

[34] Wimberley RC, Morris LV. US poverty in space and time: Its persistence in the South. Sociation Today. 2003;1(2):1. 

[35] Hirsch AR. With or without Jim Crow: Black residential segregation in the United States. Urban policy in twentieth-century 

America. 1993:65-99. 

[36] Yang L, Qian F, Song D-X, Zheng K-J. Research on urban heat-island effect. Procedia engineering. 2016;169:11-8. 

[37] Debbage N, Shepherd JM. The urban heat island effect and city contiguity. Computers, Environment and Urban Systems. 

2015;54:181-94. 

[38] Heynen N, Perkins HA, Roy P. The political ecology of uneven urban green space: The impact of political economy on race and 

ethnicity in producing environmental inequality in Milwaukee. Urban Affairs Review. 2006;42(1):3-25. 

[39] Connolly R, Lipsitt J, Aboelata M, Yañez E, Bains J, Jerrett M. The association of green space, tree canopy and parks with life 

expectancy in neighborhoods of Los Angeles. Environment International. 2023;173:107785. 

[40] Rector R, Sheffield R. Air conditioning, cable TV, and an Xbox: What is poverty in the United States today? Backgrounder. 

2011;2575:1-23. 

[41] Thomson H, Simcock N, Bouzarovski S, Petrova S. Energy poverty and indoor cooling: An overlooked issue in Europe. Energy 

and Buildings. 2019;196:21-9. 

[42] Craig PP, Berlin E. The air of poverty. Environment: Science and Policy for Sustainable Development. 1971;13(5):2-9. 

[43] Guo X, Huang G, Tu X, Wu J. Effects of urban greenspace and socioeconomic factors on air conditioner use: a multilevel analysis 

in Beijing, China. Building and Environment. 2022;211:108752. 



Shervin Assari et al. 11 of 11 
 

 

 

[44] Imran HM, Kala J, Ng A, Muthukumaran S. Effectiveness of green and cool roofs in mitigating urban heat island effects during 

a heatwave event in the city of Melbourne in southeast Australia. Journal of Cleaner Production. 2018;197:393-405. 

[45] Rogot E, Sorlie PD, Backlund E. Air-conditioning and mortality in hot weather. American journal of epidemiology. 

1992;136(1):106-16. 

[46] Ostro B, Rauch S, Green R, Malig B, Basu R. The effects of temperature and use of air conditioning on hospitalizations. American 

journal of epidemiology. 2010;172(9):1053-61. 

[47] Wright MK, Hondula DM, Chakalian PM, Kurtz LC, Watkins L, Gronlund CJ, et al. Social and behavioral determinants of 

indoor temperatures in air-conditioned homes. Building and Environment. 2020;183:107187. 


