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Abstract
Disparities in cognition persist between non-Hispanic Black (hereafter, Black) and non-Hispanic 
White (hereafter, White) older adults, and are possibly influenced by early educational 
differences stemming from structural racism. However, the relationship between school racial 
segregation and later-life cognition remains underexplored. We examined a nationally sample of 
older Americans from the Health and Retirement Study. Utilizing childhood residence data and 
cognitive assessment data (1995-2018) for Black and White participants aged 65 and older, 
Black-White dissimilarity index for public elementary schools measuring school segregation, 
multilevel analyses revealed a significant negative association between school segregation and 
later-life cognitive outcomes among Black participants, but not among White participants. 
Potential mediators across the life course, including educational attainment, explained 58-73% of 
the association, yet the associations remained large and significant among Black participants for 
all outcomes. Given the rising trend of school segregation in the US, educational policies aimed 
at reducing segregation are crucial to address health inequities. Clinicians can leverage patients’ 
early-life educational circumstances to promote screening, prevention, and management of 
cognitive disorders. 
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1. Introduction 

Cognitive impairment poses considerable challenges for older adults,1 with Alzheimer’s disease 

and related dementias affecting millions of Americans and the burden escalating as the 

population ages. Notably, marked racial/ethnic disparities persist.2 Cognitive disorders 

disproportionally impact disadvantaged populations, diminishing individual well-being and 

imposing substantial burdens on caregivers and families, thereby exacerbating societal 

racial/ethnic disparities.3  

 Emerging evidence underscores the profound influence of adverse early-life 

circumstances on brain development and cognitive decline over the lifespan.4–6 Racial 

differences in early educational environments, particularly those rooted in structural racism, 

appear pivotal in shaping cognition in later life.7–9  

 School racial segregation (school segregation hereafter), a significant aspect of US 

education systems, may exert particularly profound impacts on cognition.10 This practice 

physically segregates students in educational institutions based on racial backgrounds, resulting 

in vastly unequal educational experiences, qualities, and opportunities between White and 

minoritized populations. Despite the historic Brown v. Board ruling, US schools continue to 

struggle with heightened levels of segregation,11,12 with more than half of students attending 

schools in districts that are predominantly White or non-White, and approximately 40% of Black 

students attending schools that are 90% to 100% non-White.13,14  

Understanding the long-term relationship between school segregation and later-life 

cognition is crucial, as the school environment not only influences educational outcomes but 

shapes the quality of educational experience.15 Individuals exposed to school segregation 

typically experience higher rates of discriminatory discipline that may contribute to elevated 
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stress levels. Their limited access to educational resources can adversely affect learning 

opportunities and activities. These disadvantaged school environments may hinder neurological 

development through mechanisms like chronic stress or metabolic dysregulation and processes 

that impair cognitive ability into later life.16,17 However, school segregation could also impact the 

health of Black children by reducing their exposure to interpersonal racism from White peers, 

staff, parents or teachers, especially in predominantly White schools.18–20 Overall, segregated 

schools often entail more exposure to discrimination, racism, reduced school resources, and other 

adversities for Black children, which exacerbate their gaps in cognitive outcomes with White 

children.21,22  

Studies evaluating the association between US school segregation and health outcomes in 

later life have been limited by a singular focus on indirect measures of segregation,23 reliance on 

self-reported data,24–26 lack nationally representative samples,24,27,28 and inattention to later-life 

cognitive outcomes.18,29,30 To bridge these gaps, we examine how childhood contextual exposure 

to school segregation is associated with cognitive outcomes in later life, and explore the potential 

mediating role of early- and mid-life modifiable risk factors for dementia. Linking historical data 

on Black-White school segregation in public elementary schools from the late 1960s and early 

1970s to a nationally representative sample of American older adults – the Health and Retirement 

Study (HRS), we hypothesized that childhood exposure to high levels of school segregation is 

associated with poorer later-life cognitive outcomes, especially among Black Americans. We also 

hypothesized that the associations can be partially mediated by important modifiable factors such 

as educational attainment.  

 

2. Methods 
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This study was waived from institutional board review by the Human Research Protection 

Program at Yale University, because it did not involve human participation. The study adhered to 

the STROBE reporting guideline.  

 

2.1 Data and Study Participants 

Data were derived from two primary sources: 1) school segregation data from the Office of Civil 

Rights (OCR); and 2) longitudinal survey data from the HRS.31,32  

The school segregation data were obtained from OCR files that included school 

enrollment statistics and segregation index for American school districts across non-Hispanic 

Black (hereafter, Black) and non-Hispanic White (hereafter, White) populations. Previous studies 

have thoroughly cleaned and validated the OCR data, constructing segregation index measures at 

the metropolitan level from the late 1960s.31,32 These metropolitan-level public elementary 

school enrollment and segregation index data, spanning 328 US metropolitan areas, were used to 

construct a segregation index for each state.32   

The HRS is a nationally representative longitudinal survey of Americans aged 50 years 

and older, with consistent collection of data on cognition and individual-level sociodemographic 

and health characteristics since 1995. For this study, we focused on Black and White participants 

aged 65 or older surveyed during 1995-2018 (i.e., the most recent wave pre-COVID33). 

 The sample selection process is shown in Figure 1. Over the study period (1995-2018), 

39,958 HRS participants underwent cognitive assessments. We excluded 6,614 participants self-

identified as Hispanic or other racial/ethnic groups other than Black or White, and 11,087 

participants aged below 65, resulting in 22,257 Black or White participants aged 65 or older. 

Among them, 21,307 participants with childhood residence in the U.S. and linked measures of 
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school segregation were included. After excluding 186 participants with any missing data (<1% 

of the sample), the final sample comprised 21,121 (3,566 Black and 17,555 White) participants 

aged 65 or older with complete data and measurements, contributing to a total of 106,978 

observations (16,104 Black and 90,874 White).   

 

2.2 Cognitive Outcomes 

Cognition was assessed using the Telephone Interview for Cognitive Status, a 27-point cognitive 

scale encompassing a series of cognitive questions evaluating memory, working memory, and 

speed of mental processing. The scale reflects global cognitive function, with higher score 

indicating better cognitive performance. Cognitive impairment and dementia status were 

determined based on established criteria: a score below 12 indicated cognitive impairment (with 

or without dementia), and a score below 7 indicated dementia.34,35 

 For participants unable to complete the cognitive assessment by themselves, a 11-point 

proxy cognitive scale was constructed to determine cognitive status, with a higher score 

indicating poorer cognitive function. Cognitive impairment (with or without dementia) was 

determined if the proxy score was above 2, and dementia status was identified if the proxy score 

was above 5.34,35  

 

2.3 School Segregation 

School segregation was assessed using the Black-White dissimilarity index (hereafter, 

dissimilarity index), which measures the extent of segregation between Black and White students 

in public elementary schools. Scores on this index, ranging from 0 to 100, indicate the 

percentage of Black children who would need to move to a different school to achieve an equal 
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distribution of Black and White students across schools in a metropolitan area. Higher scores 

indicate more segregation. The dissimilarity index primarily relied on enrollment data from 

public elementary schools reported by the OCR in 1968, supplemented by data from 1969 to 

1971.31,32  

 Since all study participants attended elementary schools prior to 1970, a period during 

which segregation levels saw minimal changes, using late 1960s data to calculate the 

dissimilarity index is highly relevant.32,36 Participants were asked to report the state where they 

lived at age 10. An average dissimilarity index score was then calculated for each state in the late 

1960s, weighted by the enrollment numbers of Black and White students in public elementary 

schools within the metropolitan areas.  

Due to the skewed distribution of index scores (Supplementary eFigure 1), states were 

categorized based on quintile of scores, a commonly used cut-off in prior contextual-level 

research in older Americans.37 States in the highest quintile (dissimilarity index ≥ 83.6) were 

classified as “high segregation”, while the others were classified as “low segregation”. 

 

2.4 Covariates and Mediators 

Age, sex, parental education, and childhood residence in U.S. Southern States were included as 

key sociodemographic covariates.38,39 Additionally, we incorporated regional indicators for 

childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions 

to account for potential unobserved geographic and temporal confounders.  

Building on prior research, we also included a series of early- and mid-life mediators that 

are potentially shaped by childhood experiences and may impact cognition across the life course. 

Drawing on the Lancet Commission Report on Dementia Prevention,6 we selected educational 
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attainment as the primary early-life mediator. For mid-life, we incorporated several leading 

modifiable risk factors for dementia and exhibited minimal missing data in the HRS, including 

hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking.6,40 The 

selection is further supported by emerging evidence linking school segregation with educational 

attainment and health factors. Examining these mediators may therefore imply pivotal 

mechanisms through which school segregation influences cognition later in life.5,27,41,42 

 

2.5 Statistical Analyses 

Descriptive statistics were estimated for the entire sample, as well as for subgroups with high 

versus low levels of segregation. Differences across subgroups were assessed using Chi-square 

tests for categorical variables and Welch t-tests for continuous variables.  

To evaluate the association between school segregation and cognitive outcomes in later 

life, multilevel models were employed, with individuals at level two and childhood states of 

residence at level three. Random intercepts were included at the state level to account for 

unobserved heterogeneity and differences between states, while individual-level random 

intercepts addressed within-individual correlations across multiple observations.43 Robust 

standard errors, clustered at the state level, were estimated.44 Multilevel linear models were used 

for the continuous outcome (i.e., cognitive score) and multilevel logistic models were used for 

the dichotomous outcomes (i.e., cognitive impairment and dementia). Models were estimated 

separately for Black and White participants.  

 In the base model (Model A), we examined the association between school segregation 

and cognitive outcomes, adjusting for covariates. In subsequent models, we sequentially included 

early- and mid-life mediators. Model B included early-life mediators (i.e., educational 
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attainment), while Model C additionally included mid-life mediators (i.e., health factors). 

Mediation was evaluated using the difference method (percentage reduction), which compares 

the coefficients from the mediated model (i.e., Model C) to the unmediated model (i.e., Model 

A). The percentage reduction of the coefficients reflects the extent to which mediators explain 

the association between school segregation and cognitive outcomes.45,46  

 A series of sensitivity analyses were conducted. First, we redefined high level of school 

segregation using a less extreme cutoff (top tertile instead of top quintile). Second, we employed 

a continuous measure of school segregation (i.e., dissimilarity index) instead of a dichotomous 

classification (i.e., low vs high). Third, we restricted sample to individuals who lived in urban 

areas more directly exposed to segregation during childhood. Fourth, following the literature, we 

used a more time-varying, self-reported measure of school segregation from the HRS life history 

survey (i.e., attending segregated schools during primary education) to reexamine the 

association. Finally, state-level birth-year trend indicators were added to further account for time-

varying confounding at the state level. eAppendix A presents details of these sensitivity analyses.  

To address biases from sample attrition, inverse probability-of-attrition weights were 

computed and applied in all models. All analyses were performed using Stata 17.0 (StataCorp 

LLC), and statistical significance was set at 𝑃𝑃<0.05 for all tests.  

 

3. Results 

The study sample included 21,121 participants (106,978 observations), with 3,566 Black (16,104 

observations) and 17,555 White participants (90,874 observations) (Figure 1). The mean (SD) 

age of the sample was 75.6 (7.5) years, and 58.1% were female. Table 1 presents descriptive 

statistics for the overall sample and for subgroups stratified by high vs. low level of school 
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segregation. The two segregation groups were similar in age but differed in other characteristics. 

Participants from high segregation states had a higher proportion of Black participants (28.4% vs 

12.7%), lower levels of educational attainment, and a greater prevalence of health conditions, 

such as hypertension and diabetes, compared to those from low segregation states (also see 

Supplementary Table S1). 

The mean (SD) dissimilarity index, the measure of school segregation, was 79.9 (5.7) 

overall, with higher levels in participants from highly segregated states (mean: 86.9) compared to 

those from states with low segregation (mean: 77.5). Participants exposed to high segregation 

during childhood exhibited lower cognitive scores (13.6 vs 14.5) and higher likelihood of 

cognitive impairment (37.0% vs. 28.0%) and dementia (14.1% vs. 9.3%) compared to their low 

segregation counterparts. As shown in Supplementary eFigures 2-3, Black participants who 

experienced higher segregation consistently showed worse cognitive outcomes across ages 

compared to those exposed to lower segregation. This difference was most pronounced among 

participants in the highest quintiles of the dissimilarity index (i.e., most segregated), with less 

noticeable differences in the lower quintiles.   

Figure 2 illustrates the inverse relationships between state-level dissimilarity index 

scores and cognition, adjusted for age and sex, separately for Black and White participants. 

States with higher levels of segregation demonstrated lower average cognitive scores and higher 

proportions of cognitive impairment and dementia. The fitted lines show steeper declines for 

Black participants compared to White participants across all cognitive outcomes. Additionally, 

among Black participants, the slopes were even steeper for those exposed to the highest levels of 

segregation, indicating a disproportionately greater impact on the most vulnerable 

(Supplementary eFigure 4). 
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Multilevel regression analyses, presented in Figures 3-4 (with detailed estimates in 

Supplementary eTables 2-3), confirmed these findings. Overall, participants experienced high 

levels of segregation during childhood had lower cognitive scores (Figure 3) and higher odds of 

cognitive impairment and dementia (Figure 4) compared to those in low segregation states, after 

adjusting for covariates (Model A). Importantly, the associations were stronger and statistically 

significant for Black participants across all cognitive outcomes, while the associations for White 

participants were not statistically significant.  

The associations observed in Model A were partially attenuated after including the early-

life mediator, i.e., educational attainment (Model B), but showed no further attenuation with 

addition of mid-life health factors (Model C). In Model C, the associations between school 

segregation and cognitive outcomes for Black participants remained large and statistically 

significant. Mediation analysis revealed that early- and mid-life mediators collectively explained 

58%-73% of these associations (Figures 3-4 and Supplementary eTables 2-3). Our sensitivity 

analyses in Supplementary eFigures 5-14 confirmed the observed patterns.  

 

4. Discussion and Conclusions 

Linking a nationally representative sample of American older adults to historical administrative 

data on segregation, we provide new insights into the long-term association between school 

segregation exposure and cognitive outcomes in later life. Our findings demonstrate that 

childhood exposure to high levels of school segregation was associated with lower cognitive 

scores and a higher likelihood of cognitive impairment and dementia among Black Americans.  

Despite decades of desegregation efforts, school segregation persists, 47,48 and its long-

term health consequences have not been thoroughly investigated due to data constraints. By 
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using historical administrative records of school segregation rather than relying on self-reports, 

our study captures a more objective contextual measure of segregation exposure. Importantly, 

linking these segregation measures to HRS data enabled us to evaluate important and clinically 

relevant cognitive outcomes in later-life in a nationally representative sample of older adults.  

To our knowledge, this is the first study to use such linked data to examine the 

association between school segregation and various cognitive outcomes in later life. Our findings 

align with existing research showing that adverse educational experiences are negatively 

associated with later-life cognition.9 Previous studies have also shown that higher educational 

quality is linked to a lower risk of dementia and improved cognitive outcomes.49,50 By utilizing 

comprehensive national datasets, our analysis provides broader contextual insights into the 

relationship between school segregation and cognition, distinguishing it from studies relying on 

self-reports24–26 or regional-specific data,24,27 or those not focused on cognition.18,29,30 

High levels of school segregation are often indicative of systemic educational disparities, 

where predominantly Black schools receive fewer resources, leading to poorer educational 

quality. States with higher segregation levels typically allocate less funding to schools serving 

Black students,51 resulting in under-resourced schools with higher teacher turnover and larger 

class sizes.52,53 This disparity may impact the educational experiences (e.g., limited learning 

opportunities) and physical development (e.g., inadequate nutrition and physical activity) of 

Black students, which may affect cognitive function later in life.17,18 Our findings are consistent 

with previous research showing that Black individuals are disproportionately affected by these 

systemic inequities, leading to worse cognitive outcomes.9,26,30,39 In contrast, while White 

participants may also experience disadvantaged environments with less social interactions across 

diverse racial communities, they are less exposed to the systemic racism that disproportionately 
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impacts Black students, which may explain the lack of negative associations between segregation 

and cognition in this group. 

We found that educational attainment mediated a significant portion of the association 

between school segregation and cognitive outcomes. School segregation has been shown to 

reduce educational opportunities for Black students, manifested in lower educational 

attainment.54 As educational attainment is a key modifiable risk factor for dementia, it likely 

influences cognitive development in early life and affects cognitive outcomes through various 

pathways over the life course.6 For example, individuals with lower education may have reduced 

access to healthcare or may adopt unhealthy behaviors, such as smoking, further increasing their 

risks of cognitive disorders. Our findings suggest that policies addressing educational inequities, 

particularly in highly segregated states, could reap long-term benefits for reducing health 

disparities. Moreover, identifying people at risk of dementia in the clinical settings, including 

using information on their early-life schooling, might lower the bar for cognitive screening or 

testing, which could help prioritize limited clinical resources for higher risk groups.  

Although mid-life health conditions and behaviors, such as hypertension, diabetes, and 

smoking, are known to influence cognition in later life,6 they did not further attenuate the 

association between school segregation and cognitive outcomes. This may be because 

educational attainment already encapsulates much of the impact of these mid-life risk factors on 

cognition. Future research should explore more detailed measures to better understand the 

mechanisms. 

 

Our study has limitations. First, state-level segregation measures may not fully capture localized 

segregation. More granular segregation data could provide a clearer understanding of exposure, 
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particularly considering the rural/urban differences. Second, we do not have data on educational 

quality, such as teacher qualifications, class sizes, and school duration, which could elucidate the 

mechanisms linking segregation to cognition. Additionally, lack of state-level data for cohorts 

prior to the 1970s limit our ability to implement more comprehensive regional controls. Third, 

while evaluating cognitive trajectories was beyond the scope of this study, future research should 

explore the relationship between school segregation and cognitive decline. Fourth, although we 

accounted for proxy respondents when evaluating cognitive impairment and dementia, the 

evaluation of cognitive scores was limited to self-respondents. Future studies should consider 

combining self- and proxy-reported scores for more comparable results.55 Fifth, the HRS does 

not include data on early brain structure or function, limiting the exploration of biological 

pathways linking early-life segregation to cognitive aging. More comprehensive chain mediation 

analyses could further deepen understanding. Finally, while our study shows strong associations 

between segregation and cognition, as well as the mediating role of life course factors, it does not 

establish causality. Future research using causal designs could deepen our understanding of 

causal relationships and complex dynamics.   

 

Our study highlights the long-term neurological consequences of school segregation. We show 

that high levels of school segregation are associated with poorer cognitive outcomes in later life, 

suggesting that structural racism in education has lasting effects on cognition. Reducing school 

segregation and addressing educational inequities could have profound benefits slowing 

cognitive aging and mitigating racial health disparities. Our findings contribute to the growing 

evidence on the importance of addressing systemic racism in education to promote health equity 

and improve health outcomes for historically marginalized populations. 
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Figure 1. Flow chart of sample selection process 
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Figure 2. Relationship between Black-White dissimilarity index and cognitive outcomes for Black and White participants in the HRS 
(1995-2018) 

 
Notes: The figure presents scatterplots of US states demonstrating the inverse relationships between school segregation (measured by 
Black-White dissimilarity index) and cognitive outcomes in the Health and Retirement Study (HRS, 1995-2018), with dissimilarity 
index on the x-axis and adjusted cognitive outcomes on the y-axis. The scatterplots are stratified by Black (in black color) and White 
(in gray color) participants. Black refers to non-Hispanic Black, and White refers to non-Hispanic White. The average cognitive 
outcomes were estimated respectively for Black and White participants in each state after adjusting for age and sex; and only states 
with more than 10 observations are plotted. The fitted lines (with 95% CI) denote the linear relationship between Black-White 
dissimilarity index and adjusted average cognitive outcomes for Black participants (in black color) and White participants (in gray 
color). Chow cross-equation tests were performed to examine if there were statistically significant differences in fitted slopes between 
White and Black participants for each cognitive outcome and the results were all statistically significant with P<0.001. 
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Figure 3. Association between school segregation and cognitive score for Black and White participants in the HRS (1995-2018) 
estimated using multilevel models 
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Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black 
(in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-
Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical 
estimates are displayed alongside each line. Model A adjusted for age, sex, parental education, childhood residence in U.S. Southern 
States, regional indicators for childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model 
B additionally adjusted for early-life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health 
factors involving hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts 
were included at the state level to account for unobserved heterogeneity and differences between states, while individual-level random 
intercepts addressed within-individual correlations across multiple observations. Robust standard errors, clustered at the state level, 
were estimated accounting for within-state correlation. The detailed numerical estimates and mediation results are presented in 
Supplementary eTables 2-3.  
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Figure 4. Association between school segregation and cognitive impairment and dementia for Black and White participants in the 
HRS (1995-2018) estimated using multilevel models 

 
Notes: Multilevel regressions were used to estimate the association between school segregation and cognitive impairment (left panel) 
and dementia (right panel), for Black (in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 
1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% 
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confidence interval, and numerical estimates are displayed alongside each line. Model A adjusted for covariates, including age, sex, 
parental education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend 
indicator, and region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational 
attainment. Model C further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, 
psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved 
heterogeneity and differences between states, while individual-level random intercepts addressed within-individual correlations across 
multiple observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation. The 
detailed numerical estimates and mediation results are presented in Supplementary eTables 2-3. 
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Table 1. Characteristics of study sample with low and high level of school segregation in the HRS (1995-2018), No. (%) 

Overall 
(N=106,978) 

Low 
Segregation 
(N=80,127) 

High 
Segregation 
(N=26,851) 

School Segregation 
Dissimilarity Index (0-100), mean (SD) 79.9 (5.7) 77.5 (4.6) 86.9 (1.9) 
Cognitive Outcomes 
Cognitive Score (0-27), mean (SD) 14.3 (4.6) 14.5 (4.5) 13.6 (4.9) 
Cognitive Impairment 32356 (30.2) 22432 (28.0) 9924 (37.0) 
Dementia 11238 (10.5) 7448 (9.3) 3790 (14.1) 
Covariates 
Age, mean (SD), y 75.6 (7.5) 75.7 (7.5) 75.6 (7.7) 
Female 62187 (58.1) 46341 (57.8) 15846 (59.0) 
Race 
    Non-Hispanic Black 16104 (15.1) 9003 (11.2) 7101 (26.4) 
    Non-Hispanic White 90874 (84.9) 71124 (88.8) 19750 (73.6) 
Mother’s Education 
    <8 years 23538 (22.0) 16358 (20.4) 7180 (26.7) 

8-12 years 62909 (58.8) 48177 (60.1) 14732 (54.9) 
>12 years 9640 (9.0) 7635 (9.5) 2005 (7.5) 
Unknown 10891 (10.2) 7957 (9.9) 2934 (10.9) 

Father’s Education 
    <8 years 28840 (27.0) 20373 (25.4) 8467 (31.5) 

8-12 years 53643 (50.1) 41313 (51.6) 12330 (45.9) 
>12 years 9549 (8.9) 7667 (9.6) 1882 (7.0) 
Unknown 14946 (14.0) 10774 (13.4) 4172 (15.5) 
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Childhood Residence in U.S. Southern States 38340 (35.8) 22446 (28.0) 15894 (59.2) 
Early-Life Mediators - Education    
Years of Educational Attainment, mean (SD) 12.4 (3.0) 12.6 (2.8) 11.8 (3.4) 
Mid-Life Mediators - Health Factors    
Hypertension 65811 (61.5) 48732 (60.8) 17079 (63.6) 
Diabetes 22332 (20.9) 16469 (20.6) 5863 (21.8) 
Heart Diseases 34440 (32.2) 25701 (32.1) 8739 (32.5) 
Psychiatric Conditions 15447 (14.4) 11450 (14.3) 3997 (14.9) 
Obesity 36569 (34.2) 26917 (33.6) 9652 (35.9) 
Smoking    
    Never smoking 45996 (43.0) 33616 (42.0) 12380 (46.1) 
    Ever smoking 51214 (47.9) 39341 (49.1) 11873 (44.2) 
    Currently smoking 9768 (9.1) 7170 (8.9) 2598 (9.7) 

Abbreviations: HRS=Health and Retirement Study, SD=standard deviation, ADL=activities of daily living, IADL=instrumental 
activities of daily living.  
Notes: Differences in characteristics between sample with high and low level of school segregation were assessed using appropriate 
statistical tests: Chi-square tests for categorical variables and Welch t-tests for continuous variables. The test results are presented in 
Supplementary eTable 1. 
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Supplementary eFigure 1. Distribution of school segregation at the state level 
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Supplementary eFigure 2. Age trend in cognitive outcomes by low vs. high levels of school segregation for Black and White 
participants in the HRS 
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Supplementary eFigure 3. Age trend in cognitive outcomes by quintiles of segregation index for Black and White participants in the 
HRS 
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Supplementary eFigure 4. Relationship between Black-White dissimilarity index and cognitive outcomes for Black and White 
participants in the HRS (non-linear) 
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Supplementary eFigure 5. Sensitivity analysis using the highest tertile as cutoff for low vs. high level of segregation: association 
between school segregation and cognitive score by race 
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Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black (in 
black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic 
Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical estimates are 
displayed alongside each line. In the sensitivity analyses, we redefined the threshold for high levels of school segregation, using a less 
extreme cutoff (the top tertile instead of the top quintile). Model A adjusted for covariates, including age, sex, parental education, 
childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend indicator, and region-specific 
birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational attainment. Model C further added mid-
life mediators, including health factors involving hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking 
behaviors. Random intercepts were included at the state level to account for unobserved heterogeneity and differences between states, 
while individual-level random intercepts addressed within-individual correlations across multiple observations. Robust standard errors, 
clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eFigure 6. Sensitivity analysis using the highest tertile as cutoff for low vs. high level of segregation: association 
between school segregation and cognitive impairment and dementia by race 
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interval, and numerical estimates are displayed alongside each line. In the sensitivity analyses, we redefined the threshold for high levels 
of school segregation, using a less extreme cutoff (the top tertile instead of the top quintile). Model A adjusted for covariates, including 
age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend 
indicator, and region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational attainment. 
Model C further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, psychiatric 
conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved heterogeneity 
and differences between states, while individual-level random intercepts addressed within-individual correlations across multiple 
observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eFigure 7. Sensitivity analysis using the continuous specification of school segregation (i.e., Black-White 
dissimilarity index): association between school segregation and cognitive score by race 
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Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black (in 
black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic 
Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical estimates are 
displayed alongside each line. In the sensitivity analyses, we employed a continuous measure of school segregation, represented by the 
dissimilarity index, rather than using a dichotomous classification (low vs. high segregation). Model A adjusted for covariates, including 
age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend 
indicator, and region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational attainment. 
Model C further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, psychiatric 
conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved heterogeneity 
and differences between states, while individual-level random intercepts addressed within-individual correlations across multiple 
observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eFigure 8. Sensitivity analysis using the continuous specification of school segregation (i.e., Black-White 
dissimilarity index): association between school segregation and cognitive impairment and dementia by race 

 
Notes: Multilevel regressions were used to estimate the association between school segregation and cognitive impairment (left panel) 
and dementia (right panel), for Black (in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 
1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence 
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interval, and numerical estimates are displayed alongside each line. In the sensitivity analyses, we employed a continuous measure of 
school segregation, represented by the dissimilarity index, rather than using a dichotomous classification (low vs. high segregation). 
Model A adjusted for covariates, including age, sex, parental education, childhood residence in U.S. Southern States, regional indicators 
for childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model B additionally included 
early-life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health factors involving 
hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the 
state level to account for unobserved heterogeneity and differences between states, while individual-level random intercepts addressed 
within-individual correlations across multiple observations. Robust standard errors, clustered at the state level, were estimated 
accounting for within-state correlation.  
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Supplementary eFigure 9. Sensitivity analysis with sample restricted to participants who lived in urban areas during childhood: 
association between school segregation and cognitive score by race 
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Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black (in 
black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic 
Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical estimates are 
displayed alongside each line. In the sensitivity analyses, we restricted our sample to participants who lived in urban areas during 
childhood. The segregation measure is the same as the main setting. Model A adjusted for covariates, including age, sex, parental 
education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend indicator, and 
region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational attainment. Model C 
further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, psychiatric conditions, 
obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved heterogeneity and 
differences between states, while individual-level random intercepts addressed within-individual correlations across multiple 
observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eFigure 10. Sensitivity analysis with sample restricted to participants who lived in urban areas during childhood: 
association between school segregation and cognitive impairment and dementia by race 

 
Notes: Multilevel regressions were used to estimate the association between school segregation and cognitive impairment (left panel) 
and dementia (right panel), for Black (in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 
1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence 
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interval, and numerical estimates are displayed alongside each line. In the sensitivity analyses, we restricted our sample to participants 
who lived in urban areas during childhood. The segregation measure is the same as the main setting. Model A adjusted for covariates, 
including age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-
year trend indicator, and region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational 
attainment. Model C further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, 
psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved 
heterogeneity and differences between states, while individual-level random intercepts addressed within-individual correlations across 
multiple observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eFigure 11. Sensitivity analysis using self-reported time-varying measures of school segregation exposure: 
association between school segregation and cognitive score by race 

 



 20 

Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black (in 
black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic 
Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical estimates are 
displayed alongside each line. In the sensitivity analyses, we used a more time-varying, self-reported measure of school segregation 
from the HRS life history survey. Specifically, HRS participants who completed the life history mailed survey in 2015-2017 were asked 
to report the schools they attended during their primary education and whether the majority of children in each school were White, Black, 
Hispanic or others. School was classified as segregated if most children in the school were Black, Hispanic or others. If the schools the 
participants attended during primary education were segregated schools, they were coded as 1 (and 0 otherwise). Model A adjusted for 
covariates, including age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for childhood 
residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model B additionally included early-life 
mediator, i.e., educational attainment. Model C further added mid-life mediators, including health factors involving hypertension, 
diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to 
account for unobserved heterogeneity and differences between states, while individual-level random intercepts addressed within-
individual correlations across multiple observations. Robust standard errors, clustered at the state level, were estimated accounting for 
within-state correlation.  
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Supplementary eFigure 12. Sensitivity analysis using self-reported time-varying measures of school segregation exposure: 
association between school segregation and cognitive impairment and dementia by race 

Notes: Multilevel regressions were used to estimate the association between school segregation and cognitive impairment (left panel) 
and dementia (right panel), for Black (in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 
1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence 
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interval, and numerical estimates are displayed alongside each line. In the sensitivity analyses, we used a more time-varying, self-
reported measure of school segregation from the HRS life history survey. Specifically, HRS participants who completed the life history 
mailed survey in 2015-2017 were asked to report the schools they attended during their primary education and whether the majority of 
children in each school were White, Black, Hispanic or others. School was classified as segregated if most children in the school were 
Black, Hispanic or others. If the schools the participants attended during primary education were segregated schools, they were coded 
as 1 (and 0 otherwise). Model A adjusted for covariates, including age, sex, parental education, childhood residence in U.S. Southern 
States, regional indicators for childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model 
B additionally included early-life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health 
factors involving hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were 
included at the state level to account for unobserved heterogeneity and differences between states, while individual-level random 
intercepts addressed within-individual correlations across multiple observations. Robust standard errors, clustered at the state level, were 
estimated accounting for within-state correlation.  
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Supplementary eFigure 13. Sensitivity analysis using self-reported time-varying measures of school segregation exposure with 
additional adjustment for state-level geographical and temporal variations: association between school segregation and cognitive score 
by race 
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Notes: Multilevel regression models were used to estimate the association between school segregation and cognitive score for Black (in 
black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic 
Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence interval, and numerical estimates are 
displayed alongside each line. In the sensitivity analyses, we used a more time-varying, self-reported measure of school segregation 
from the HRS life history survey (If the schools the participants attended during primary education were segregated schools, they were 
coded as 1 and 0 otherwise). Moreover, we introduced state-level birth-year trend indicators to account for potential geographical and 
time-varying confounding. Model A adjusted for covariates, including age, sex, parental education, childhood residence in U.S. Southern 
States, regional indicators for childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model 
B additionally included early-life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health 
factors involving hypertension, diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were 
included at the state level to account for unobserved heterogeneity and differences between states, while individual-level random 
intercepts addressed within-individual correlations across multiple observations. Robust standard errors, clustered at the state level, were 
estimated accounting for within-state correlation.   
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Supplementary eFigure 14. Sensitivity analysis using self-reported time-varying measures of school segregation exposure with 
additional adjustment for state-level geographical and temporal variations: association between school segregation and cognitive 
impairment and dementia by race 

 
Notes: Multilevel regressions were used to estimate the association between school segregation and cognitive impairment (left panel) 
and dementia (right panel), for Black (in black color) and White participants (in gray color) in the Health and Retirement Study (HRS, 
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1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Horizontal lines represent the 95% confidence 
interval, and numerical estimates are displayed alongside each line. In the sensitivity analyses, we used a more time-varying, self-
reported measure of school segregation from the HRS life history survey (If the schools the participants attended during primary 
education were segregated schools, they were coded as 1 and 0 otherwise). Moreover, we introduced state-level birth-year trend 
indicators to account for potential geographical and time-varying confounding. Model A adjusted for covariates, including age, sex, 
parental education, childhood residence in U.S. Southern States, regional indicators for childhood residence, a birth-year trend indicator, 
and region-specific birth-year trend interactions. Model B additionally included early-life mediator, i.e., educational attainment. Model 
C further added mid-life mediators, including health factors involving hypertension, diabetes, heart diseases, psychiatric conditions, 
obesity, and smoking behaviors. Random intercepts were included at the state level to account for unobserved heterogeneity and 
differences between states, while individual-level random intercepts addressed within-individual correlations across multiple 
observations. Robust standard errors, clustered at the state level, were estimated accounting for within-state correlation.  
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Supplementary eTable 1. Differences in characteristics between sample with high vs. low level of school segregation assessed using 
appropriate statistical tests 

 Low Segregation 
(N=80,127) 

High Segregation 
(N=26,851) 

 
𝑃𝑃-values a 

School Segregation    
Dissimilarity Index (0-100), mean (SD) 77.5 (4.6) 86.9 (1.9) <0.001 
Cognitive Outcomes    
Cognitive Score (0-27), mean (SD) 14.5 (4.5) 13.6 (4.9) <0.001 
Cognitive Impairment, No. (%) 22432 (28.0) 9924 (37.0) <0.001 
Dementia, No. (%) 7448 (9.3) 3790 (14.1) <0.001 
Covariates    
Age, mean (SD), y 75.7 (7.5) 75.6 (7.7) 0.13 
Female, No. (%) 46341 (57.8) 15846 (59.0) <0.001 
Race   <0.001 
    Non-Hispanic Black, No. (%) 9003 (11.2) 7101 (26.4)  
    Non-Hispanic White, No. (%) 71124 (88.8) 19750 (73.6)  
Mother’s Education   <0.001 
    <8 years, No. (%) 16358 (20.4) 7180 (26.7)  
    8-12 years, No. (%) 48177 (60.1) 14732 (54.9)  
    >12 years, No. (%) 7635 (9.5) 2005 (7.5)  
    Unknown, No. (%) 7957 (9.9) 2934 (10.9)  
Father’s Education   <0.001 
    <8 years, No. (%) 20373 (25.4) 8467 (31.5)  
    8-12 years, No. (%) 41313 (51.6) 12330 (45.9)  
    >12 years, No. (%) 7667 (9.6) 1882 (7.0)  



28 

    Unknown, No. (%) 10774 (13.4) 4172 (15.5) 

Childhood Residence in Southern States, No. (%) 22446 (28.0) 15894 (59.2) <0.001 
Early-Life Mediators - Education 
Years of Educational Attainment, mean (SD) 12.6 (2.8) 11.8 (3.4) <0.001 
Mid-Life Mediators - Health Factors 
Hypertension, No. (%) 48732 (60.8) 17079 (63.6) <0.001 
Diabetes, No. (%) 16469 (20.6) 5863 (21.8) <0.001 
Heart Diseases, No. (%) 25701 (32.1) 8739 (32.5) 0.15 
Psychiatric Conditions, No. (%) 11450 (14.3) 3997 (14.9) 0.016 
Obesity, No. (%) 26917 (33.6) 9652 (35.9) <0.001 
Smoking <0.001 
    Never smoking, No. (%) 33616 (42.0) 12380 (46.1) 
    Ever smoking, No. (%) 39341 (49.1) 11873 (44.2) 
    Currently smoking, No. (%) 7170 (8.9) 2598 (9.7) 

Abbreviations: SD=standard deviation, ADL=activities of daily living, IADL=instrumental activities of daily living.  
a Differences in characteristics between sample with high and low level of school segregation were assessed using appropriate 
statistical tests: Chi-square tests for categorical variables and Welch t-tests for continuous variables.  
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Supplementary eTable 2. Association between school segregation and cognitive outcomes for Black participants in the HRS (1995-
2018) 

 Black Participants 

VARIABLES Model A Model B Model C 
Association mediated by 

early-life and mid-life 
factors 

Panel A. Cognitive Score (0-27) 𝛽𝛽 Coefficient (95% CI)  

School Segregation -0.95 -0.24 -0.26 73% 
 (-1.24, -0.67) (-0.40, -0.07) (-0.43, -0.09)  

Observations 14,209 14,209 14,209  
     

Panel B. Cognitive Impairment (0/1) Adjusted Odds Ratio (95% CI)  

School Segregation 2.03 1.31 1.35 58% 
 (1.64, 2.51) (1.11, 1.54) (1.12, 1.63)  

Observations 16,104 16,104 16,104  
     

Panel C. Dementia (0/1) Adjusted Odds Ratio (95% CI)  

School Segregation 2.04 1.26 1.26 67% 
 (1.57, 2.66) (1.02, 1.56) (1.03, 1.54)  

Observations 16,104 16,104 16,104  
     
Covariates YES YES YES  
Mediators: Educational Attainment NO YES YES  
Mediators: Health Factors NO NO YES  
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Notes: Multilevel regressions were used to estimate the association associations between school segregation and cognitive outcomes, 
including cognitive score (0-27) (Panel A), cognitive impairment (0/1) (Panel B), and dementia (0/1) (Panel C) for Black participants in 
the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Model 
A adjusted for covariates, including age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for 
childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model B additionally included early-
life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health factors involving hypertension, 
diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to 
account for unobserved heterogeneity and differences between states, while individual-level random intercepts addressed within-
individual correlations across multiple observations. Robust standard errors, clustered at the state level, were estimated accounting for 
within-state correlation. Mediation was evaluated using the difference method (percentage reduction), which compares the coefficients 
from the mediated model (i.e., Model C) to the unmediated model (i.e., Model A). The percentage reduction of the coefficients reflects 
the extent to which mediators explain the association between school segregation and cognitive outcomes, and the results are listed at 
the right column.  
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Supplementary eTable 3. Association between school segregation and cognitive outcomes for White participants in the HRS (1995-
2018) 

 White Participants 

VARIABLES Model A Model B Model C 
Association mediated by 

early-life and mid-life 
factors 

Panel A. Cognitive Score (0-27) 𝛽𝛽 Coefficient (95% CI)  

School Segregation -0.15 -0.14 -0.13 10% 
 (-0.40, 0.10) (-0.30, 0.02) (-0.28, 0.01)  

Observations 83,205 83,205 83,205  
     

Panel B. Cognitive Impairment (0/1) Adjusted Odds Ratio (95% CI)  

School Segregation 1.14 1.16 1.15 -9% 
 (0.93, 1.40) (1.03, 1.32) (1.03, 1.29)  

Observations 90,874 90,874 90,874  
     

Panel C. Dementia (0/1) Adjusted Odds Ratio (95% CI)  

School Segregation 1.13 1.13 1.11 14% 
 (0.91, 1.40) (0.92, 1.38) (0.93, 1.33)  

Observations 90,874 90,874 90,874  
     
Covariates YES YES YES  
Mediators: Educational Attainment NO YES YES  
Mediators: Health Factors NO NO YES  
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Notes: Multilevel regressions were used to estimate the association associations between school segregation and cognitive outcomes, 
including cognitive score (0-27) (Panel A), cognitive impairment (0/1) (Panel B), and dementia (0/1) (Panel C) for White participants in 
the Health and Retirement Study (HRS, 1995-2018). Black refers to non-Hispanic Black, and White refers to non-Hispanic White. Model 
A adjusted for covariates, including age, sex, parental education, childhood residence in U.S. Southern States, regional indicators for 
childhood residence, a birth-year trend indicator, and region-specific birth-year trend interactions. Model B additionally included early-
life mediator, i.e., educational attainment. Model C further added mid-life mediators, including health factors involving hypertension, 
diabetes, heart diseases, psychiatric conditions, obesity, and smoking behaviors. Random intercepts were included at the state level to 
account for unobserved heterogeneity and differences between states, while individual-level random intercepts addressed within-
individual correlations across multiple observations. Robust standard errors, clustered at the state level, were estimated accounting for 
within-state correlation. Mediation was evaluated using the difference method (percentage reduction), which compares the coefficients 
from the mediated model (i.e., Model C) to the unmediated model (i.e., Model A). The percentage reduction of the coefficients reflects 
the extent to which mediators explain the association between school segregation and cognitive outcomes, and the results are listed at 
the right column.
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eAppendix A. Sensitivity Analyses 
 
A comprehensive series of sensitivity analyses were conducted to ensure the robustness of our 

findings and to assess the associations between exposure to school segregation and cognitive 

outcomes across varying levels and specifications of exposure. 

 

1. Less Extreme Cutoff for High Segregation 

First, we redefined the threshold for high levels of school segregation, using a less extreme cutoff 

(the top tertile instead of the top quintile). This adjustment allowed us to examine whether the 

associations between segregation and cognitive outcomes persisted when considering a broader 

range of segregation levels. The main patterns held as shown in Supplementary eFigures 5-6, 

though the associations were relatively smaller compared to our main specification (top quintile). 

Combined with the patterns shown in Supplementary eFigures 3-4, these results suggest that 

individuals exposed to the most extreme levels of segregation (as captured by the top quintile) 

tend to experience disproportionately worse cognitive outcomes. 

 

2. Continuous Measure of School Segregation 

Second, we employed a continuous measure of school segregation, represented by the 

dissimilarity index, rather than using a dichotomous classification (low vs. high segregation). 

While this approach assumes a linear relationship, it captures more granular variations in 

segregation. As shown in Supplementary eFigures 7-8, the results supported our finding that 

higher segregation levels are associated with poorer cognitive outcomes. The relatively smaller 

associations observed using the continuous specification further imply that the strongest effects 
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of school segregation may occur among individuals exposed to extreme segregation, as reflected 

by the top quintile. 

 

3. Restriction to Urban Sample 

Third, recognizing that the dissimilarity index is based on metropolitan data, we restricted our 

sample to participants who lived in urban areas during childhood. This restriction allowed for a 

more targeted assessment of segregation. Our results remained consistent with the main findings 

(Supplementary eFigures 9-10), further confirming the robustness of our analysis. 

 

4. Time-Varying Measure of Segregation 

Fourth, we incorporated a more time-varying, self-reported measure of school segregation from 

the HRS life history survey. Specifically, HRS participants who completed the life history mailed 

survey in 2015-2017 were asked to report the schools they attended during their primary 

education and whether the majority of children in each school were White, Black, Hispanic or 

others. School was classified as segregated if most children in the school were Black, Hispanic 

or others. If the schools the participants attended during primary education were segregated 

schools, they were coded as 1 (and 0 otherwise).  This self-reported measure, validated in 

previous research, provided a time-varying evaluation of participants’ exposure to segregation. 

Although it cannot capture the relative intensity of the exposure, it offered an additional layer of 

temporal variation. Results from the analysis (Supplementary eFigures 11-12) aligns with our 

primary findings, further reinforcing the association between school segregation and cognitive 

outcomes. 
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5. Additional Adjustment for State-level Geographical and Temporal Variations 

Finally, we introduced state-level birth-year trend indicators to account for potential geographical 

and time-varying confounding. Using the self-reported life history measure of school 

segregation, which incorporates temporal variation, enabled us to add state-level indicators to 

adjust for differences across various time periods and regions. The consistent findings shown in 

Supplementary eFigures 13-14 further strengthened our main results. 

 

These sensitivity analyses collectively confirmed the robustness of our findings. Moreover, 

although the missing data in our study sample is minimal (<1%), we performed additional 

robustness checks using multiple imputation, and the estimates remained nearly identical, 

providing further confidence in the consistency of our results.  
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