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Structural Inequality Modifies Midlife Outcomes of a Multisystemic 
Early Childhood Program

A. Child-Parent Center (CPC) Education Program
	As an evidence-based early childhood program model, CPC provides comprehensive, multi-systemic services in education and schooling, family support, health, and community outreach.1,2 Under the direction of the Head Teacher at each site and in collaboration with the Principal, CPC is designed to enhance school readiness and achievement, promote parent involvement and engagement in the school and community, and enhance socio-emotional learning with an emphasis on self-control, self-efficacy, and personal responsibility. Breakfasts and lunches are provided, school nurses work with families on site, and referrals to health centers, speech therapy and other supports are provided. CPCs are in a stand-alone school or center in which all children receive services. 
	Based on the goals and foci of the program, participants’ experiences, and impacts to date,3-5 the program is expected to promote health and well-being over the life course through sets of behaviors:
	a. educational success and attainment
	b. self-control and self-efficacy behaviors 
	c. health literacy and practices
	d. social support and engagement.
	These behaviors are interconnected yet, based on the theory of the program1,2, educational success and attainment are most critical. The influence of each one derives from the organizational and leadership structure of the school to foster a supportive continuum of learning tailored to child and family needs. Consistent with high quality and comprehensive programs, CPC works to enrich learning experiences at home and school, promote racial identity, social integration, and engage family members in social action and advocacy in service to the community and for their personal development.1,2 Five generative mechanisms of long-term effects have been empirically corroborated across outcomes.1,5
	Like other community action initiatives of the Great Society/War on Poverty era, CPC innovated a systemic reform for the goals of promoting child and family well-being, alleviating intergenerational poverty, and breaking the barriers of racial discrimination in schooling, housing, and employment. The pandemic and persistent structural inequalities of racism, segregation, and neighborhood poverty have accentuated the need for eliminating health disparities.1,6,7 Within a whole-child philosophy centered in African American history and culture, the CPC curriculum emphasizes reading, math, and socio-emotional learning. To sustain gains and fully establish an inclusive and integrative social environment, the program continues through 3rd grade in elementary schools (see manual for complete services8). This P-3 structure provides the dosage and continuity necessary for long-run benefits to participants, schools, and communities. 
	Operationally, after a part-day program (3 hours, 5 days per week) at ages 3 and/or 4 in small classes with child-teacher ratios of 17:2, CPC K–3rd components provide reduced class sizes (maximum of 25), teacher aides for each class, health services, continued parent involvement opportunities, and enriched classroom environments for strengthening language and literacy, math, science, and social-emotional learning. Although the K-3 component was full-day, in kindergarten only 60% attended full-day classes. To promote wholistic well-being, including physical health, each center has a parent resource room and family program run by the Parent-Resource Teacher in collaboration with the School-Community Representative. 	
	The latter conducts home visits, engages parents in the school, mobilizes resources in the community and provides referrals to health, employment and job training, housing assistance, mental health, and related services. Parent workshops and trainings are a predominant element of the program, and they most frequently include child development, health literacy, nutrition, financial literacy, and personal development topics. GED courses are often provided on site and parents volunteer in the classroom and in community organizations. Given the physically located resource room in the centers, peer support among parents and family members is another key feature. Many reports are available describing program history, key elements and principles, and implementation.1-5,8-14
	Three program measures were used in the analysis: CPC preschool participation at ages 3 and/or 4 (adjusted for school-age participation in first to third grades), preschool to 3rd grade for 4 to 6 years relative to lesser participation (CPC-P3), and total years of CPC participation (0 to 6).
	Although participants grew up in high-poverty neighborhoods and experience persistent structural inequalities as Black adults, wide variability exists in well-being. This has increased over time as a function of educational attainment, occupations, family status, and life events with differential experiences of neighborhood poverty (26% currently reside in high-poverty neighborhoods) and discrimination (25% report no such experiences, 38% report 1-2, and 37% 3+ out of 10).

B. Outcome Measures
	Framingham Risk Score (FRS). To calculate the 30-year “general” risk of having a major cardiovascular disease event or die from the disease, we used the Framingham Heart Study’s scoring calculator (https://www.framinghamheartstudy.org/fhs-risk-functions/cardiovascular-disease-30-year-risk/). 15-17 The prediction factors for the 1060 individuals with complete data from the midlife interview were:
	1. Male sex (a risk factor)
	2. Age at the time of interview in years and months.
	3. Systolic blood pressure (report of hypertension/treatment used if value not provided)
	4. Treated for hypertension
	5. Diabetes (reported in interview as being diagnosed)
	6. Smoker (with any frequency currently)
	7. Body Mass Index (calculated from height and weight) in lieu of cholesterol levels.
	The score is a probability value between 0 and 1.12 Converted to percentages, the normal and optimal values for the ages of the study sample are 11.0% and 8.9%. These scores correlated highly with in-person FRS exam scores (r = .85; N = 286) regardless of whether cholesterol or BMI was used. The in-person exam had a total sample of 301 participants and was completed at the Northwestern University Department of Preventive Medicine Clinic from 2017-2019 (Feinberg School of Medicine).
	Body Mass Index (BMI). This general measure of body fat was assessed by midlife interview report of height and weight (mean age = 34.9 years), with the index calculated as height (in meters) divided by weight (in kilograms) squared.13  The analysis sample was 1042 with missing/excluded cases due to survey and item nonresponse or pregnancy at the time of interview. Since 268 individuals from the survey participated in an in-person health exam from 2017-2019 at the Northwestern University Department of Preventive Medicine Clinic in Chicago, the correlation between self-report and examination (based on 268 individuals) was. 0.85. Self-reported BMI also was highly correlated with the in-person body composition score (r = .65) and waist circumference (r =  .78). The correlation between self-reported BMI and the in-person exam was similar for females and males (0.81 and 0.90) and for those in the bottom and top half of the self-report distribution (0.70 and 0.66). 
	Years of education and earned Associate’s degree or higher. Based on multiple sources of data collected since high school, educational attainment by age 34 (mean age of 34.1 years by May 31, 2014) was analyzed.3 As the leading individual-level social determinant of health, years of completed education ranged from 7 to 22. The value 12 denotes  a high school diploma or equivalent credential; and 14, 16, 18, and 20 Associate’s through Doctorate degree (Postdoctorate is possible). Values of 14 and above measured completion of an Associate’s degree or higher. Postsecondary degree completion is a key requirement for most well-paying jobs.
	The primary source of data was the National Student Clearinghouse supplemented with the following: Chicago Public Schools, Illinois Department of Child and Family Services, Illinois Shared Enrollment and Graduation Consortium, City Colleges of Chicago, Illinois GED Testing Program, and adult surveys/interview at ages 22-24 and ages 32-24 (midlife interview). For the analysis, 1,073 participants were included who also completed the midlife interview, with 324 cases excluded. 

C. Socio-Structural Moderators/Predictors
	Two indicators of the social and community context--one of five components of social determinants of health in Healthy People 203018--were assessed in the midlife survey as follows. 
	Neighborhood poverty concentration. Based on the 2010 Census, the percentage of residents who were below the federal poverty level in the neighborhood as defined by participants’ residential zip code at the time of the survey was assessed. Data were obtained from ZIPatlas (“Percentage of population below poverty level in the United States by zip code; http://zipatlas.com/us/city-comparison/population-below-poverty-level.htm). The values for 20 sample members with missing address information were imputed via the expectation-maximization algorithm using a comprehensive set of family and individual characteristics growing up.
	History of discrimination. In  the midlife survey of participant experiences in education, employment, health, family, and community contexts growing up, Question 34 was as follows:  “Have you experienced any of the following forms of discrimination in your life because of your race, ethnicity, gender, age, religion, physical appearance, or other characteristics?” The “yes” responses to the 10 items shown below were summed to form the life event discrimination index.
	(Please circle one BEST  answer for each item); Percentage values
are reported for total interview/survey sample of 1124 (Ns for Yes/No, Other=1104, 20)
	Yes (%)
	No 
(%)
	
Refused/
Unsure
	

Missing

	a.
	Denied a job offer
	36.7
	61.6
	0.7
	1.2

	b.
	Denied a job promotion
	28.7
	69.5
	0.6
	1.2

	c.
	Denied a bank loan
	17.7
	80.0
	0.8
	3.8

	d.
	Hassled by police
	54.4
	44.2
	0.3
	1.2

	e.
	Fired from a job
	21.4
	77.3
	0.2
	1.2

	f.
	Discouraged by a teacher from seeking higher education
	17.2
	81.5
	0.1
	1.2

	g.
	Denied a scholarship
	4.6
	93.8
	0.4
	1.2

	h.
	Denied medical care or received inferior medical care
	15.0
	83.6
	0.2
	1.2

	i.
	Prevented from renting or buying a home
	21.5
	77.0
	0.4
	1.2

	j.
	Forced to leave a neighborhood
	9.2
	89.3
	0.4
	1.2

	
	Percentage reporting 1 or more experiences (N = 1107)
	74.7
	25.3
	n/a
	n/a

	
	    2 or more experiences
	52.2
	47.8
	n/a
	n/a

	
	    5 or more  experiences
	17.8
	82.2
	n/a
	n/a

	
	Mean number of experiences (SD; Mdn) = 2.29 (2.22; 2)
	n/a
	n/a
	n/a
	n/a


	

Since more than 90% of the CLS sample are Black and the models include neighborhood poverty and many baseline characteristics, we interpret the findings of this scale as reflecting primarily racial discrimination.

D. Group Equivalence
	Being the same age and growing up in demographically similar neighborhoods, CPC program and comparison groups were equivalent on nearly all baseline attributes at the beginning of the study and in later follow ups, including the current study. Two significant differences were detected between groups: CPC participants grew up in higher poverty neighborhoods and their parents had higher rates of high school completion (but not college attendance). Although in opposite directions, these differences are included in models and also have been addressed in a variety of structural and propensity score models for both selection and attrition.3-5, 12-14 
	To adjust for observed differences between the original and follow-up samples, inverse propensity score weighting (IPW) for attrition was implemented in the models. IPW is a statistical technique of bias reduction that uses observed characteristics influencing sample selection and attrition to estimate outcomes3,4,14,19. In this two-step approach, the predicted probabilities of sample recovery (or sample selection) are estimated and then used as weights in the main regressions.19 Our input specification to estimate predicted probabilities included 16 baseline variables (child and family demographic characteristics and program participation) to predict sample retention at follow up.3,13 The weighted regression analyses used 1/p*, in which *p is the predicted probability of sample retention from logit regression conditioned on the 16 baseline predictors. Higher weighted cases are counted for heavily in estimation (e.g., 1.30 vs. 1.10), thus reflecting as closely as possible the composition of the original sample.
	A primary explanation for equivalence between groups on most indicators was that the comparison group included all children from five randomly selected schools (out of 27 citywide) in similar low-income neighborhoods that participated in the usual early childhood program at the time: full-day kindergarten without earlier preschool participation. Notably, only 60% of CPC participants had full-day kindergarten. All cohort participants enrolled in the Chicago Public School District beginning at ages 3 or 4 with nearly all comparison group participants entering in kindergarten. Fifteen percent of the comparison group attended Head Start preschool as part of the usual programming. CPC services are provided up to 2nd or 3rd grade in 20 schools. Program expansion has occurred in Chicago and other Midwest districts.
	Because the CPCs were opened in the highest poverty areas of the city (e.g., East and West Garfield Park, North Lawndale), the neighborhoods surrounding the centers were generally more disadvantaged than other areas. This is shown in the select comparisons below. However, this provides a conservative bias in estimating impacts, since lower-resourced settings link to higher rates of educational and health problems as well as lower access to high-quality health services and preventive care. At baseline, 50% of the CLS cohort (N = 520; 522 were below threshold) resided in high-poverty neighborhoods, defined as 40% or more of the neighborhood population (census tracks) at or below the federal poverty level. At the midlife follow up, the percentage of the cohort currently residing in high-poverty neighborhoods was 26% (N = 275; 767 below threshold). Roughly two-thirds of the sample lived in Illinois at follow up, with half of this total in Chicago. Nearly 4% were incarcerated at follow up.

E. Sample Characteristics
	The Supplemental Table displays the Chicago Longitudinal Study (CLS) sample characteristics at the beginning of the study and at the midlife follow up (mean age = 34.9 years). Program and comparison groups were similar on most baseline attributes whether assessed at the beginning of the study or at follow up. Based on the raw differences with no adjustment, CPC participants were more likely to reside in higher poverty neighborhoods and to have mothers who attended college, although the latter difference was not significant at follow up. 
	The baseline attributes used as covariates in the analyses (measured primarily from birth to age 3) were birth weight in pounds, race, sex of child, receipt of child welfare services, family risk index of eight demographic attributes (e.g., parent did not graduate from high school, single parent status), family risk index squared, high-poverty neighborhood status (40% or more residents were below the federal poverty line; 1980 census) and participation in later CPC school-age intervention (only for CPC preschool estimates). Incarceration and Chicago residential status at follow up were also included as adjustment factors to isolate independent contributions of program and structural context factors. Program by structural context moderators were added to the model to determine their contributions. A variety of alternative analyses supported the robustness of findings.
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Supplement Table: Chicago Longitudinal Study (CLS) Characteristics: Child-Parent Center Participation, Baseline Attributes, and Structural Context at Ages 32 to 37 (Mean = 34.9 years)

	
Study category
	
Total Sample
	
Program Group*
	
Comparison Group*

	Program Participation at Start of Study**
	

	Original Sample
	1539
	989
	550

	No. of cases with preschool participation (CPC)
	1073 (989)
	989 (989)
	84 (0)

	No. of cases with CPC preschool (2 years of preschool)
	989 (534)
	989 (534)
	0 (0)

	No. of cases with full-day kindergarten (part-day program)
	1142(397)
	592 (397)
	550 (0)

	No. of cases with CPC school-age (1st to 3rd grade)
	850
	684
	166

	No. of cases with 4-6 years of CPC (P-3)
	553
	553
	0

	Total years of CPC program (0-6)
	2.78(1.97)
	3.95(1.23)
	0.68(1.16)

	Select Baseline Attributes for Original Cohort (N=1539)
	
	
	

	Black (% of group)
	1431(93.0)
	917 (92.7)
	514 (93.5)

	Women (%)
	768(50.0)
	512 (51.8)
	256 (47.2)

	Birth weight (Mean, lbs, SD)
	6.80(1.24)
	6.82 (1.24)
	6.75 (1.24)

	Family risk index (Mean, 0-8, e.g., education, SD)
	4.52(1.69)
	4.52 (1.66)
	4.54 (1.74)

	Reside in high poverty neighborhood (%) (≥40% residents)
	765(49.7)
	559 (5.651)
	206 (37.6)

	Family income < 130% of federal poverty level (%)
	1290(83.8)
	833 (84.2)
	457 (82.9)

	Child welfare services, 0-3 (%)
	58(3.8)
	31 (3.1)
	27 (4.9)

	Mother attended some college or more (%)
	188(12.2)
	133 (13.41)
	55 (10.0)

	No. of Lost cases in Post-program Years
	
	
	

	Moved or not located***
	363
	215
	148

	Deceased prior to 2012 
	72
	49
	23

	Follow-up at Age 37 Interview, Cases and Retention
	

	Completed any part of interview/survey
	1124
	740
	384

	Completed items on structural context
	1107
	728
	379

	Valid score for 1 or more outcomes & structural context
	1073
	709
	364

	Percentage of original sample who completed interview
	71.7
	73.3
	68.9

	Percentage of tracked (available) sample who completed
	78.8
	80.8
	75.2

	Percentage of tracked sample with valid score on outcome
	76.6
	77.4
	71.2

	Select Baseline Attributes, Follow-up Sample (N=1073)
	
	
	

	Black (% of group)
	1006(93.8)
	662 (93.4)
	344 (94.5)

	Women (%)
	590(55.0)
	405 (57.11)
	185 (50.8)

	Family risk index (Mean, 0-8; e.g., education, income)
	4.44(1.69)
	4.43 (1.66)
	4.46 (1.74)

	Birth weight (Mean, lbs)
	6.79(1.27)
	6.81 (1.26)
	6.74 (1.28)

	Child welfare services (%)
	38(3.5)
	22 (3.1)
	16 (4.1)

	Mother attended some college or more (%)
	133(12.4)
	94 (13.3)
	39 (10.7)

	Reside in high poverty neighborhood (%) (≥40% residents)
	538(50.1)
	399 (56.31)
	139 (38.2)

	Family income <130% of federal poverty level (%)
	888(82.8)
	586 (82.7)
	302 (83.0)


Note. *Cases for program participation cover the 6-year period (1983-1989) that defines enrollment in the CPC program. **The comparison group participated in a full-day kindergarten program, and 84 participated in Head Start preschool. 109 parents in the comparison group reported their child participated in other child care/education in preschool. 176 cases in the comparison group were received services in CPC kindergarten. They are not part of the original program group. Some cases in the comparison group participated in the school-age program because it was open to any child enrolled in elementary school. Fifteen children in the CPC group enrolled in the alternative full-day kindergarten.
	***These categories account for attrition from the original study sample of 1,539. Cases were lost during post-program years because they moved from Chicago and could not be located, were deceased, or either did not have sufficient identifying information to track, refused to participate or were incarcerated (other). The number of deceased cases by 2019 was 97. 
1p<.05
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