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Abstract
Introduction: Past research shows that structural racism contributes to disparities in cardiometabolic health
among racially/ethnically minoritized populations.
Methods: This cross-sectional study examined the correlation between census tract-level racialized economic
segregation and child health metrics among a racially and ethnically diverse cohort of 350 children (ages
6.5–13.8) from Minneapolis—St. Paul, MN.
Results: A consistent cardiometabolic and cortisol outcome gradient was observed across the index of
concentration at the extremes tertiles, such that health risk factors increased as tract privilege decreased.
Conclusion: Racialized economic segregation was associated with less favorable child health outcomes,
underscoring the potential importance of place-based interventions for promoting children’s health.
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Introduction
A robust literature shows longstanding disparities in car-
diometabolic health (CMH) among racial/ethnic minori-
tized populations in the United States.1,2 A fundamental

cause of health disparities is structural racism; defined as
the systemic manifestation of racism via laws, institu-
tional practices, and public policy.3–5 At the neighbor-
hood level, structural racism may manifest as inequities
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resulting from policies and practices of disinvestment
and exclusion of Black, Indigenous, and people of color
(BIPOC). Past studies have shown that neighborhood
factors are related to child health and health dispar-
ities.6,7 Chronic physiological stress, often measured
through cortisol, has been identified as a mechanism
through which structural racism may result in racial/
ethnic CMH disparities.8,9 That is, discrimination and
structural oppression may contribute to allostatic over-
load resulting in cardiovascular damage.10

Recent structural racism literature has increasingly
utilized a measure known as the index of concentration
at the extremes (ICE).11,12 ICE is a tool for measuring
neighborhood-level racialized economic segregation
through the quantification of neighborhood resource allo-
cation and consequent privilege and oppression and has
been shown to be effective for quantifying homogeneity at
small geographic levels relative to other measures.12 In
addition, the American Heart Association recently recom-
mended further study into how structural factors affect
CMH, specifically recognizing ICE as a valid classification
of residential segregation and place-based inequity.13

The current study contributes to the literature by iden-
tifying structural racism as an important intervention tar-
get to improve population health and reduce health
inequities. This study is shaped by ecosocial theory which
postulates that racism contributes to racial/ethnic social
inequities which are expressed as racial/ethnic health dis-
parities.14 Recent calls to the field have recommended
increased use of descriptive epidemiology to highlight
persistent disparities related to structural racism, and this
brief answers how place-based inequality is descriptively
related to CMH in a racially and ethnically diverse sam-
ple from Minneapolis—St. Paul.15 We hypothesized that
greater neighborhood inequities would be associated
with poorer CMH and higher hair cortisol levels among
a racially and ethnically diverse cohort of children in the
Minneapolis—St. Paul, MN area.

Materials and Methods
This is a descriptive secondary analysis of cross-sectional
data from The Family Matters Study, a longitudinal
observational cohort study examining risk and protective
factors for cardiovascular health in children.16 The Fam-
ily Matters Study recruited families with children
between the ages of 5–9 years old (n = 1307) from pri-
mary care clinics in the Minneapolis—St. Paul area.
Children with dietary restrictions, body mass index
(BMI) < 5th percentile, and diagnosis of serious and

persistent mental illness were excluded from enrollment.
Researchers intentionally recruited families from six
racial and ethnic groups: White, Black, Native American,
Hmong, Somali/Ethiopian, and Latinx. Parents self-
identified their own race and ethnicity, as well as that of
their child on a questionnaire. About half of the families
participated in an ecological momentary assessment
(EMA) sub-study (n = 631) as detailed elsewhere.17

Analyses for the current investigation involved 350 chil-
dren (55% of those eligible from the EMA sub-study)
who participated in an in-person clinic visit (August
12th, 2019, through January 1st, 2022). During the clinic
visit, the children provided a hair sample for cortisol
assay and had trained study staff measure their height,
weight, pulse rate, and blood pressure according to the
standardized measurement protocol. All study protocols
were approved by the Institutional Review Board at the
University of Minnesota (1107S02666).
Staff obtained child height and weight via direct

anthropometric measurement. STATA’s Zanthro proce-
dure calculated the BMI percentile using the 2000 CDC
Growth Reference. Study staff measured participant blood
pressure in millimeters of mercury (mmHg) using an
automated blood pressure device. Participants sat quietly
without their legs crossed for 4–5 min before the first
measure. Participants had three consecutive blood pres-
sure measurements and the final two of three blood pres-
sure measurements were averaged. Hair samples (3 cm in
length) were taken from the posterior vertex of the child’s
head for cortisol assay. A commercially available immu-
noassay with chemiluminescence detection (CLIA, IBL-
Hamburg, Germany) determined cortisol concentrations
following extraction. Hair cortisol values were natural log-
transformed to address positive skewness and minimize
outlier influence. We did not obtain hair samples from
approximately 26% (n = 90) of children due to participant
refusal or lack of availability (e.g., shaved head).
Three ICE measures at the census tract level were oper-

ationalized: (1) non-Hispanic White versus non-Hispanic
Black homogeneity (WH/BL), (2) high (>$100,000) versus
low-income homogeneity (<$25,000) (HI/LI), and (3)
non-Hispanic White, high income versus non-Hispanic
Black, low-income homogeneity (WH-HI/BL-LI). These
three ICE variables are measures of racial and economic
segregation and a combination of the two. We selected
White vs. Black measures because it is the most prevalent
form of racial segregation in the United States.12 We
matched participant data to their respective census tract
via their household address. We constructed these ICE
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measures using American Community Survey (ACS)
data from 2014–2018, which preceded data collec-
tion.18 A total of 191 census tracts were included in
the computation of ICE measures. For this analysis, we
categorized the ICE measures into tertiles.

Results
The analytic sample included 350 parent–child dyads
(Table 1). Most caregivers (92%) and approximately
half the children (53%) were female. Children were 9.8
years old on average (SD = 1.4), ranging from 6.5 to
13.8 years old. Forty-three percent of parents had a
high school degree or some high school education, and
59% of households had an annual income of $49,999 or
less. Nineteen percent of the children were from immi-
grant families. The EMA sample (n = 631) and the
clinic sample (n = 350) had similar sociodemographic
characteristics, with the exception of higher levels of
household education and lower representation of
Somali/Ethiopian participants among those who par-
ticipated in the clinic visit.

The analytic sample represented 156 census tracts in
the Minneapolis—St. Paul area. Median household
income and median property values within the predomi-
nantly Black census tracts (least privileged) were $44,649
and $114,357 less than the predominantly White (privi-
leged) census tracts, respectively. Owner-occupied housing
was 34% lower, and the poverty rate was 27% higher in
predominantly Black census tracts compared with pre-
dominantly White census tracts. Measurement complete-
ness was 100% for body mass index percentile (BMI%ile),
98% for pulse and blood pressure, and 74% for hair
cortisol.
Primary outcomes included children’s CMH measures

and hair cortisol across three operationalizations of ICE
(Table 2). A consistent cardiometabolic and cortisol out-
come gradient was observed across the ICE tertiles. That
is, BMI%ile increased as tract privilege decreased. Among
the WH/BL ICE variable, the average BMI%ile among
the least privileged was 14.7 percentage points (pp)
higher than the most privileged (75.2 – 26 vs. 60.5 –
29.1). Additional measures of CMH showed that the least
privileged had, on average, higher pulse rates, systolic
blood pressure (SBP), and diastolic blood pressure (DBP)
across all ICE operationalizations. Hair cortisol results
were also higher among least privileged tracts compared
with tracts with concentrated privilege, especially among
the ICE representation of economic inequity. Log-
transformed hair cortisol levels among the HI/LI ICE
variable showed that the least privileged had higher hair
cortisol levels than the most privileged (log-transformed
2.6 – 1.9 vs. 1.2 – 1.4). Hair cortisol levels among WH-
HI/BL-LI ICE variables showed that the least privileged
had higher hair cortisol levels than the most privileged
group (log-transformed 2.5 – 1.8 vs. 1.2 – 1.4).

Discussion
The current study illustrates how racialized segregation
and economic opportunities at the census tract-level are
associated with children’s CMH and cortisol levels. Specifi-
cally, the use of multiple operationalizations of ICE dem-
onstrated that tract racial segregation, economic inequity,
and the intersection of the two are associated with less
favorable child health metrics among children ages 6.5 to
13.8, a developmental stage at which cardiometabolic risk
factors can be detected but before disease manifests. Given
the cross-sectional nature of this analysis, it cannot be
determined whether the associations between racialized
economic segregation and health outcomes differ across
life course or vary by developmental stage. Systemic

Table 1. Parent and Child Participant Characteristics
(n = 350)

Child female 185 (53%)

Child age in years (SD) 9.8 (1.4)

Child race/ethnicity
White 106 (30%)
Black or African American 71 (20%)
Hispanic or Latin 36 (10%)
Asian American 37 (11%)
Native Hawaiian or other Pacific Islander 1 (0.3%)
American Indian or Native American 36 (10%)
Other 0 (0%)
Multiracial 63 (18%)

Parent born in the United States 282 (81%)

Parent race/ethnicity
White 120 (34%)
Black or African American 77 (22%)
Hispanic or Latinx 37 (11%)
Asian American 38 (11%)
Native Hawaiian or other Pacific Islander 2 (1%)
American Indian or Native American 48 (14%)
Other 1 (0.3%)
Multiracial 27 (8%)

Parent educational attainment
Some high school 21 (6%)
High school or associates 128 (37%)
Some college or bachelors 122 (35%)
Graduate degree 79 (23%)

Household income
Less than $20,000 78 (22%)
$20,000–$34,999 74 (21%)
$35,000–$49,999 55 (16%)
$50,000–$74,999 43 (12%)
$75,000–$99,999 28 (8%)
$100,000 or more 68 (19%)
Not reported 4 (1%)
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strategies for promoting population-level CMH are needed
to promote equitable health outcomes throughout the life
course.19,20 The economic differences presented between
the sample census tracts highlight specific geographic areas
for community reinvestment, such as housing quality or
programs that convert renters into homeowners.
The strengths of this study include using ICE as a mea-

sure of racialized economic segregation alongside in-clinic
measures of children’s CMH and hair cortisol, which is
not subject to situational variability and allows for an esti-
mate of HPA-axis activation over an extended period of
time. Limitations include the cross-sectional nature of the
data, the lack of information available about potential
confounders of cortisol levels (e.g., child corticosteroid
use), and the descriptive nature of this analysis, which
does not consider the role of other potential contributors
to children’s CMH. Future studies should examine the
contribution of ICE with other important contributors to
children’s CMH, including individual and family level
variables (e.g., household income, parent education), and
other systems that reinforce structural racism (e.g., access
to quality health care, affordable housing).

Conclusion
Child CMH and hair cortisol levels showed an associa-
tion with census tract racial and economic disadvan-
tages, underscoring the potential importance of place-
based interventions for promoting children’s health.
Longitudinal, prospective studies are needed to better
understand the role of multilevel structural determi-
nants in children’s health outcomes.
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Table 2. Racialized Economic Segregation Correlates of Cardiometabolic Outcomes in Children-8/12/19 to 1/31/22
Minneapolis, MN

Cardiometabolic and Cortisol Outcomes

Pulse average (bpm)
(n = 344)

SBP (mmHg)
(n = 344)

DBP (mmHg)
(n = 344)

BMI%ile
(n = 350)

Hair cortisol
(log-transformed)

(n = 260)

White extreme/ black extreme (census tracts = 191) Mean – SD
(1) Concentrated deprivation 89.0 – 12.1 106.8 – 12.3 63.2 – 8.1 75.2 – 26.0 2.4 – 1.8
(2) Middle 85.0 – 11.5 104.0 – 10.9 60.8 – 6.3 70.2 – 28.4 2.0 – 1.5
(3) Concentrated privileged 85.2 – 10.0 100.9 – 8.7 59.3 – 6.5 60.5 – 29.1 1.1 – 1.3

High-income extreme/ Low-income extreme
(1) Concentrated deprivation 89.3 – 12.5 106.9 – 11.8 63.3 – 7.8 76.2 – 25.8 2.6 – 1.9
(2) Middle 84.4 – 10.8 103.2 – 11.4 60.6 – 6.8 66.5 – 29.6 1.7 – 1.5
(3) Concentrated privileged 85.6 – 10.1 101.6 – 8.9 59.5 – 6.4 63.3 – 28.5 1.2 – 1.4

White, high-income extreme/Black, low-income extreme
(1) Concentrated deprivation 88.9 – 12.8 107.0 – 12.3 63.6 – 7.9 75.2 – 26.7 2.5 – 1.8
(2) Middle 84.9 – 10.4 103.3 – 10.5 60.5 – 6.6 68.7 – 28.2 1.7 – 1.5
(3) Concentrated privileged 85.3 – 10.3 101.4 – 9.1 59.3 – 6.2 61.9 – 29.1 1.2 – 1.4

Sample Interpretation: In the column labeled BMI%ile and the White Extreme Black Extreme row, those at concentrated deprivation (1) had a
mean BMI%ile of 75.2 which is 14.7 percentage points higher than the score at the concentrated privileged (3) which is 60.5. bpm, beats per
minute; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI%ile, BMI percentile.
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Abbreviation Used
ACS ¼ American Community Survey

BIPOC ¼ Black, Indigenous, and people of color
BMI ¼ Body mass index

BMI%ile ¼ Body mass index percentile
CMH ¼ Cardiometabolic health
DBP ¼ Diastolic blood pressure
EMA ¼ Ecological momentary assessment
HI/LI ¼ High (>$100,000) versus low-income homogeneity

(<$25,000)
ICE ¼ Index of concentration at the extremes

mmHg ¼ Millimeters of mercury
PP ¼ Percentage points
SBP ¼ Systolic blood pressure

WH/BL ¼ non-Hispanic White versus non-Hispanic Black homogeneity
WH-HI/BL-LI ¼ non-Hispanic White, high income versus non-Hispanic

Black, low-income homogeneity
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