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Abstract

Introduction Racial discrimination has been identified as a risk factor for cardiometabolic diseases, the leading cause of
morbidity and mortality among racial/ethnic minority groups; however, there is no synthesis of current knowledge on the
association between discrimination and cardiometabolic diseases. The objective of this systematic review was to summarize
evidence linking racial/ethnic discrimination and cardiometabolic diseases.

Methods The review was conducted based on studies identified via electronic searches of 5 databases (PubMed, Google
Scholar, WorldWideScience.org, ResearchGate and Microsoft Academic) using terms related to discrimination and
cardiometabolic disease.

Results Of the 123 eligible studies included in the review, 87 were cross-sectional, 25 longitudinal, 8 quasi-experimental, 2
randomized controlled trials and 1 case—control. Cardiometabolic disease outcomes discussed were hypertension (n=46),
cardiovascular disease (n =40), obesity (n=12), diabetes (n=11), metabolic syndrome (n=9), and chronic kidney disease
(n=35). Although a variety of discrimination measures was employed across the studies, the Everyday Discrimination Scale
was used most often (32.5%). African Americans/Blacks were the most frequently studied racial/ethnic group (53.1%),
and American Indians the least (0.02%). Significant associations between racial/ethnic discrimination and cardiometabolic
disease were found in 73.2% of the studies.

Discussion Racial/ethnic discrimination is positively associated with increased risk of cardiometabolic disease and higher
levels of cardiometabolic biomarkers. Identifying racial/ethnic discrimination as a potential key contributor to the health
inequities associated with cardiometabolic diseases is important for addressing the significant burden borne by racial/ethnic
minorities.
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Introduction

Cardiometabolic disorders (CMD) that affect cardiovas-
cular and metabolic functions are the leading cause of
morbidity and mortality worldwide [1]. The range of such
CMD extends from cardiovascular diseases (CVD; such
as hypertension, stroke, and coronary artery disease) to
diabetes mellitus (type 2 diabetes), obesity, chronic kid-
ney disease, and non-alcoholic fatty liver disease. Nota-
bly, CMD exacerbates the mortality risk from emerging
illnesses, such as COVID-19 [2]. Prevention of this set
of diseases could therefore significantly lessen disease
burden and mortality risk across the world. Although
many biological risk factors for CMD have been identi-
fied, recent work has shown that a large proportion of such
disease could be attributed to environmental factors, influ-
enced by social networks and socioeconomic status [3]. In
addition, demographic analyses of CMD prevalence show
marked disparities, with significant differences in inci-
dence and outcomes, among racial/ethnic minority groups
[4-7]. For example, in the United States, African Ameri-
cans are approximately twice as likely to develop CMD
and die from CMD complications in comparison with
Whites [8]. African Americans also are twice as likely to
have hypertension [9], Type 2 Diabetes (T2D) [10], and
CVD [11]. Similarly, other racial/ethnic minority groups
are disproportionately affected by CMD. Higher rates of
CVD and T2D have been reported in Hispanic/Latino [12]
communities, and South Asian ancestry has been found to
be associated with a higher risk for CVD-related mortal-
ity [13]. Given the high rates of CMD-related mortality
and morbidity among racial/ethnic minorities, identifying
key factors contributing to these health inequities, such
as racial/ethnic discrimination, is critical for supporting,
enhancing, and developing effective prevention strategies.

The multifactorial nature of CMD suggests that, in
addition to weak genetic influences, an array of environ-
mental factors, such as features of the social environment,
diet, lifestyle, and socioeconomic status, may be impor-
tant determinants of disease risk [14]. Although several
individual risk and lifestyle factors have been identified
as key drivers of CMD risk, structural and interpersonal
circumstances also can influence CMD risk, and predis-
pose racial/ethnic minority groups to adverse CMD out-
comes [11, 15]. Although such psychosocial and structural
health barriers may be linked to racism and racial/ethnic
discrimination [5, 16], neither their contribution nor the
underlying mechanisms are well understood.

Previous work has shown that racism, structural and
systemic practices that assign value to people based on
the color of their skin [17], and racial discrimination,
unfair treatment on the basis of skin color or perceived
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membership in a racial group [18], are critical deter-
minants of health outcomes [17-19]. Experiences with
racism and racial discrimination can be stress-inducing
[20], which could have negative implications for cardio-
metabolic health among racial/ethnic minorities [21-23].
Psychosocial stress due to racial discrimination has been
hypothesized to contribute to disparities in CMD inci-
dence among racial/ethnic minority groups [4, 5], and sev-
eral physiological mechanisms underlying the association
between racial/ethnic discrimination and CMD have been
proposed. These include discrimination stress-induced
activation of the autonomic nervous system triggering
the release of cortisol and catecholamines, resulting in
increased blood pressure and cardiovascular reactivity [24,
25]. Also, chronic stress due to discrimination can increase
inflammation [26] and allostatic load, resulting in wear
and tear on bodily systems increasing the risks of CMD
[27]. However, the roles and contributions of these fac-
tors are not well understood, and further work is required
to gauge the full impact of discrimination on physiology,
hemodynamics, and metabolism.

Such assessments of risk would be greatly facilitated
by the identification of specific biomarkers that would be
useful not only in identifying the physiologic contribution
of discrimination exposure but also for developing more
targeted approaches in primary and secondary CMD pre-
vention [28]. Elucidation of such biomarkers could also
aid in the identification of high-risk individuals, accurate
diagnoses and prognosis of CMD, and monitoring the
burden of disease [28, 29]. Therefore, identifying CMD
biomarkers sensitive to discrimination exposure has utility
in increasing knowledge and in potentially improving the
disproportionate burden of CMD borne by racial/ethnic
minorities.

To delineate the contribution of discrimination to CMD
risk and to identify informative biomarkers, it is critically
important to evaluate the association between racial/eth-
nic discrimination and CMD. Systematic reviews of the
association between perceived racial/ethnic discrimination
and increased CVD risk [30] and hypertension [24, 31]
have been previously conducted. However, the associa-
tion of racial/ethnic discrimination with cardiovascular
and metabolic disease has not been examined. Because
the two diseases share common etiology (“shared soil”
hypothesis), looking at them collectively is important as
it may provide a more comprehensive assessment of the
impact of discrimination than by examining either disease
alone. Therefore, the aim of this systematic review is two-
fold: 1) to examine what is known about the association
between racial/ethnic discrimination and CMD among
minority groups, and 2) to characterize CMD biomarkers
sensitive to discrimination exposure.
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Methods
Search Strategy

A comprehensive review of online databases was conducted
in January 2021 and again in February 2023. This review
followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [32].
First, articles were identified using Boolean searches in five
databases: PubMed, Google Scholar, WorldWideScience.
org, ResearchGate, and Microsoft Academic. The search
terms were “discrimination OR racism OR race-related
stress AND cardiometabolic disease OR cardiovascular dis-
ease OR hypertension OR diabetes OR obesity OR chronic
kidney disease OR coronary artery calcification”. Addition-
ally, manual searches of reference lists of articles identified
were performed.

Eligibility Criteria

We included articles that met the following inclusion cri-
teria: (1) participants with diagnosed or self-reported car-
diometabolic diseases, (2) published in English in a peer-
reviewed journal, (3) included racial/ethnic minorities,
(4) examined racial/ethnic discrimination/racism, and (5)
conducted in the United States. Because the experience of
racial/ethnic discrimination differs across nations and cul-
tures, we restricted inclusion to studies conducted in the U.S.

Data Extraction

The search process identified 1,773 records, and reference
cross-checks produced an additional 3 records for a total of
1,776 articles. Elimination of duplicates (n=951) and arti-
cles with titles or abstracts irrelevant to the review (i.e., title
and abstract did not include reference to discrimination and
CMD, n=656) resulted in 169 articles. Of these articles, 46
were excluded after failing to meet eligibility criteria (i.e.,
no CMD outcome, n = 14; racial/ethnic discrimination not
assessed, n=26; conducted outside the U.S., n=6), yielding
123 eligible studies (Fig. 1).

Results
Study Characteristics

The descriptive characteristics (study design, sample size,
biomarkers, discrimination measure used, and associations
found) of studies included are detailed in Table 1. Data from
343,268 participants were included in the systematic review,

with sample sizes ranging from 32 to 45,781 participants.
Eighty-seven of the studies were cross-sectional, 25 were
longitudinal, 8 were quasi-experimental, 2 were randomized
controlled trials and 1 was a case—control. The most com-
monly used discrimination measures were the Everyday
Discrimination Scale (n=40), Experiences of Discrimina-
tion Scale (n=22), Perceived Racism Scale (n=10), and
Perceived Ethnic Discrimination Questionnaire (n=11)
(Supplemental Table 1).

Discrimination and CMD Outcomes

Across these articles, African Americans/Blacks were the
most often studied racial/ethnic group (53.1%), followed by
Whites (33.5%), Hispanics/Latinos (9.3%), Asians (2.9%),
Other (0.98%), Native Hawaiians/Pacific Islanders (0.2%)
and American Indians (0.02%). Of the studies, 81 (65.8%)
examined African Americans/Blacks, 29 (23.6%) examined
African Americans/Blacks and Other races/ethnicities, and
13 (10.6%) examined other races/ethnicities only. Table 2
provides an overview of the CMDs and biomarkers exam-
ined. The most frequently examined CMDs were hyperten-
sion (n=46) and CVD (n=40). Other CMDs examined
were diabetes (n=11), obesity (n=12), metabolic syndrome
(n=9), and chronic kidney disease (n=35).

Of the studies, 73.2% (n=90) found that racial/ethnic
discrimination was positively associated with a significant
increase in CMD risk incidence (Table 1) [33—-122]. Of the
87 studies using a cross-sectional design, 70.1% (n=61)
found a significant positive association with CMD. For
example, Cardarelli et al. evaluated 510 adults from the
North Texas Healthy Heart Study [42]. Participants who
experienced racial discrimination and passively responded
to unfair treatment were 3 times more likely to have coronary
artery calcification (CAC) compared to those who did not
report any experiences of racial discrimination [42].

Twenty-five studies employed a longitudinal design, with
76% finding a positive association. For example, Forde et al.
conducted a longitudinal cohort study of 1,845 African
American adults participating in the Jackson Heart Study
[56] and found that lifetime experience with discrimina-
tion was associated with a higher incidence of hypertension
[56]. Also, 7 of 8 (87.5%) quasi-experimental studies found
a positive association between experiences of racial/ethnic
discrimination and CMD. In addition, Tull et al. employed
a case control design [99] and Merritt et al. and Arriola
et al. utilized a randomized controlled trial [80, 110], with
all finding a significant positive association between racial/
ethnic discrimination and CMD. However, 33 (26.8%) arti-
cles found no significant association between experiences
of racial/ethnic discrimination and CMD [123-155]. Hyper-
tension (n=16) was the most frequent CMD found to have
no significant association with racial/ethnic discrimination,
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1773 records identified through
database searches (PubMed,
Google Scholar, etc.)

3 records identified through

cross-referencing

!

1776 studies identified for
screening

951 duplicates removed

)

825 studies screened for

\ 4

relevance

656 studies excluded as title

and abstract not relevant

169 articles assessed for eligibility

123 studies included in review

Fig. 1 Flow chart of article selection process

while CVD (n=34) was the most frequent outcome posi-
tively associated with racial/ethnic discrimination. In the 33
articles that found no significant association between experi-
ences of racial/ethnic discrimination and CMD [123-155],
the total population (N=60,422) was comprised of 49.5%
African Americans, 33.3% Whites, and 17.2% Other races/
ethnicities. The total population included adults aged 18-95
with a sample size range of 62—-10,973 participants. SBP and
DBP (n=16) were the most frequent biomarkers examined,
and the Everyday Discrimination Scale (n=13) was the
most frequently used discrimination measurement tool. In

@ Springer

46 studies excluded/did not meet inclusion
criteria:

1) No CMD outcome (n= 14)

2) Racial/ethnic discrimination not assessed
(n=26)

3) Studies conducted outside the U.S. (n=6)

comparison, the 90 articles in which a significant association
was found included a total population of 282,846 partipants,
with sample size ranges of 32-45,781 participants. Most
participants in these studies were African American adults,
particularly African American women (56.4%), aged 18-95
[33-122].

Racial/Ethnic Discrimination and Biomarkers of CMD

Across the studies, a variety of CMD biomarkers were
examined. Systolic blood pressure (SBP) and diastolic blood



787

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

SOX

SOX

SOX

SOX

SOX.

SOX

SOX

SOX

SOK

ON

SOX

SOK

paidepe oreog
UOTJRUTWILIOSI(] ABPAISAT

Jreds
SJUQAQ JSIORY JO 9[NPIYOS

dInseaw paytodar-Jjog

UOTRUTILIOSI(]
Jo soouaradxH Jolejn

alreuuonsang) uoneu
-IWLIDSI( [e1ovy 193a1ry]

a[eoS UoTEU
-IWLIDSI(T JO douartadxy

9[BOS WSIORY PIAIRIING

Jreos
UOT)RUTWILIOSI(] ABPAIoAY
Jeos
-qQng UONBUTWLIISI]
PAATaOId ‘9ousrIadxH
Juyly Jo a[es§ Ay L

amseow pajrodar-Jjog
oeos
UOTRUTWILIOSI(] ABPAIOAT

Jeds
UOTJRUTWILIOSI(] ABPATOAT

dAD

dAD

aad

dAD

dAD

dAD

dAD

dAdD

dAD

dAd

dAD

dAdD

dga pue dgS ‘d¥dD

[osn1od pue ‘outiydou
-1darou ‘Ayiqerrea YH

uonepeIdop sway DY

ainseaw payiodal-J[og

110d921-J[9S

Odd YH DVO

SOpLId
-0A[81L, pue 1A'T “1AH

ddd

dVIN
‘] ureyjlopud ewse[d

dOIN
pue §1-11 OVI ‘ddD

JVO

SSOUIIY) BIPIIN
rUIMU] A19)1€ pPrIoIe))

UQW 9% ] PUB USWOM
%6L ‘ST-01 Pase ynok
QWOdI-MO[ VV 6V =N
sajeqerp g 2dKy
Im (9] =u) AYM
pue (91 =u) Yoe[g
‘UouWIoOM J[Npe 7¢ =N
(%€G) uawom
“(%Ly) uw (17g=u)
AMIM (80€=1)
Yoe[g ‘SInpe 679 =N
sjnpe ued
-LowY YoRIg TT0'S=N
619
a3e ueow ‘(491 =u)
JorIdg (629 =u) AMYM
‘68— ¢ PITe sueIdlA
SeW INpe €6/ =N
(Tr1=u) Mym
(L9T=u) VV ‘(c61=U)
owedsIH ‘OIS =N
9ty
95 ueow ‘uowr %/ 4
‘USWOM %€G “CL-TT
pase ‘SINpe YV ¢TI =N
["¢L oSk ueow “(%67)
uowr ‘(%1 L) uawom
‘SINPE YV 19pP[0 96T =N
(Ls=u)
UdW ‘GG =U) UdWOM
(S9=u) amym ‘(15 =u)
ORI ‘SINPR 9[ [ =N
(oruedstyg
161 PUe MYM v61
Yoeld 06L) SLY I =N
(4544
pade ‘uowom Vv [8] =N
(Sgg=u) anym pue
(601=1) VV ‘TS—T¥
pode uowom ¢ =N

[eUO1}03S-SS0ID)

[BUO1}03S-SS0ID)

[eUO1}03S-SS0ID)

[BUOT09S-SSOID)

[eUOT}09S-SSOI))

[eUOI)33S-SSOI)

[BUOI)33S-SSOI)

[BUOI)O9S-SSOID)

[BUOT)O9S-SSOID)

[eUOT1103S-SS0ID)

[BUOI}0S-SSOID)

[BUOI}03S-SSOI))

S10T 'Te 1 £qs00D)

€10T Te 32 1ouep

10T ‘Te 19 uojuezs

Cl0T 'Te 19 9'y)

Z10T T2 1 onoky

010¢ 'Te 19 I[[a1epIesy

TT10CT ‘T8 10 eMpPUIMA

010T Te 19 SIma]

6002 'Te 32 1odoo)

800C e 19 1eq1V

900C Te 19 SIMa]

€00T Te 19 [ox01],

4!

I

01

D pue
UOTJEUTWILIOSIP OTUYI3/[BIoRT
U90M12q UOTIBIOOSSY

QINSEAW UOTJRUNILIOSI(]

QWONNOASLI JIND

s1oyTRWOlq QIND

ordures
pue oz1s uonjendog

u3isop Apnig

(1ea)) I0INY

PapNIOUT SAIPNIS JO SONSLIAJORIEYD) | d|qel

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

788

SOX

SOK

SOX

SOX

SOX

SO

SOX.

SOX

ON

SOX

SO

110da1-J[o§

Jreds
UOTJRUTWILIOSI(] ABPATOAT

9[edS $A0UD
-119dxF 91T pue wisoey
Jreos
UOT)RUTWILIOSI(] ABPAIoAY
SJUOAH ISTORY
Jo 9[npayog ‘areu
-uonsonQ) AJIAISUSS
uonoa(ay paseg-ooey

9[BOS WISIORY PIATIIIG
aIreu
-uonsan() UONRUIWILID
-SI(J OTUY)H PIATIII]

aIreu
-uonsong) UONBUTWILIO
-SI(] OTUY}H PAATIOIS]

Jreos
UOIIRUTWILIOSI(] ABPAIOAT

Jreos
UOTJRUTWILIOSI(] ABPATOAT

9[edsS uoneu
-TWILIOSI(T JO seouattadxyg

dAdD

dAd

dAD

dAD

dAdD

dAdD

dAD

dAD

dAD

aad

dAD
‘uoneWIWERPUI JTWASAS

110doaI-J[o§

sajoqerp 31odor
-J19s ‘TIN4 ‘d9d ‘ddS

43I0
ySu9p
QI0WO[9) 9)A00 N

d49d

‘ddS (LIND ssawpry
eIpaW-LWNU] priore)

s101dadar
o181ouaIpe d pue 10

(AMH)
Ayiqetiep sjey Mesy

(AH)
AnnqeLieA ey 1esH

D44

pue 49 ‘TAG (SYD)
9[e0S YSLI IB[NOSLAOIpIED)

ey AD paiodai-giog

OTTI°9 I ‘% T T ‘111

oy
a3e uerpaw ‘(69 =1u)
uowom ‘(¢1y=1u)
uaw (98¢ =) youIg
‘(0T =u) Aym
SInpe 9011 =N
L¥ 93e ueow ‘(807 ="u)
uswom ‘(yg| =u)
usw ‘sjnpe jueisd
-lur ueslyy gye =N
€9-81 pase (zg=u)
uawiom ‘(9§ =u) uawt
‘SINpe VV 81T =N
0L-0v
po3e ‘uowom VV L66=N

80

a3e ueow ‘s1BaA ()G—(¢
PpaSe uowom VYV ZS=N

€¢ 93e urowr

‘USW % 61 ‘USWOM
%1S ‘SUNPe VV LS=N

(96 =u) Iy

‘(Sy=u) YV ‘siuopnis
98e-9891100 [T =N

661

95 ueowr ‘(%) uow

(%8S) uawom ‘sjuspms
332][00 VV 66=N

€80t pade ‘(6v¢ =u)

uawom ‘(g0 =u) udw
‘uerpuy ueisy /6. =N

USWOM %96 “UdW %4
SINPE VV 0LS'€=N

S¥oom 97—C1

Jo 93uer o3e [eUONE)SIT

‘1981 pSe ‘uswom
vV jueudard 9g=N

[BUO1103S-SS0ID)

[BUOI}0S-SSOI))

[BUOI}03S-SS0ID)

[BUOT)09S-SSOID)

[BUOT)O9S-SSOID)

[eUO1}03S-SSOID)

[eUOT}09S-SSOI))

[BUO1}03S-SS0ID)

[eUOI)O3S-SSOI)

[eUOT1}03S-SS0ID)

[eUO1103S-SS0ID)

120T ‘Te 19 seaan)

020¢ UBIQ-UOSYINg,

0Z0 sean'] pue 1[o1q

610C T8 ]

610C T 19 SIMa]

810¢ Te 32 [I'H

LTOT 'Te 39 SWerIpm

L10T 'Te 39 [I'TH

910¢ ‘Te 19 IredwipeN

910 'Te 12 UOZNojN

910C ‘Te 30 nosaZinin

€C

(44

1C

0¢

61

81

Ll

91

9!

4!

el

D pue
UOTRUIWILIOSID JTUY)Q/[RIORT
U9M)9q UOTIBIO0SS Y

QINSBIW UOT)BUTWILIOSI]

QWONNOASLI JIND

s10yTRWOlq QIND

ordwres
pue az1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

Qs



789

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

Oy oureuuon
-son() UOTJRUTWILIOSI(]
[eroey J1oSoLry] pue
(SHTEY) 9[rOS $90UD

08-81 Page ‘(ce1 =)
UdWOM ‘(67 =u) uduw

ON  -Hodxg ofI'T pue WSIOEY NILH d49d pue ddS ‘SINPR VV 291 =N [eUONII9S-SS0ID 900C s1eled  T¢
[uswom
(187 =u) osoueder pue
‘(98¢ =u) oruedsty
‘(05T =u) 9saury)y
Jreds ‘(61S‘1 =u) ueiseone)
ON  UOTEUTWISKT AepAroaq NLH ddaapuedds ‘(r€6=%) VV]00€'€=N [BUOTIO9S-SSO.IT 900C Te R umoIg  I¢
(Lor=u)
uswom (SO =u)
uaw (901 =u) ANMYM
9[eds (901 =) YoeIg
ON uoneurwuLdsIq AepAioayg N.LH 91y MEBOH pue Jgv ‘SJU9ISAOPR TIT=N [BUOID3S-SSOID) G00T ‘T8 10 SMAUNBIN  0f
SSANS PAjR[Y-ovy JO (961 =u)
XOpU] pPue 9[BOS WSIoRY uawom (091 =u)
ON  PaA1eoIad jo uoneidepy NLH dga pue dgS  UsW ‘S)NPR YV 9S¢ =N [eUON}I9S-SS0ID) S00T Tele siaed  6¢
(O@I>D) a1reuuon
-san() UONBUIILIOSI
[eroRY JOSoLLY pue 08-81 Page “(¢eT=u)
(SHTRY) 2eOS SA0Ud uawom ‘(g7 =1u) uaw
ON  -Lodxg QJI pue wWsoey NLH d4gd pue ddS ‘SINPR VV 291 =N [eUONI98-SS0ID 00T s1913d 8T
(961=1u)
UawIom pue (09 =u)
SR ainseaw paytodal-Jog N.LH d9dd pue JgS USW YV ‘SINPe 9GE =N [eUOND3S-SSOID)  $00T ‘T8 10 WeIylezq-ulq LT
-G Pase (6e =)
usuwiom pue (Q¢ =u)
SO 9[edS WISIORY POAIOI] N.LH ddd pue 498 uaw ‘SINpe YV 69 =N [BUO1}03S-SS0ID) €00T Te10 UPAS 97
(€€-81 pase)
Kyanoear uawom 9jenpersiopun
SOA  9[BIS WISIORY PIAIIId] NLH Ie[noses Jgd pue 445  pue arenpeis Vv ‘6E =N [BUOI109S-SS01D) 000Z RID ST
(6vT'c=u)
udwIoM ‘(LEQ°T =u)
uauw (ZI1°7=4)
S[BOS UONBU AMYM “(PL6T=1)
SOX  -IWLIOSI( JO seouoredxyg N.LH dgapue dg9S  oe[g ‘sinpe 980y =N [eUOTI09S-SSOID)  966] AQUpIS pue I3y  $7
dND pue
UONBRUTWLIOSIP OIUY)S/[RIOR] ordwres
U99MJ2q UOTJBIOOSSY  INSBIW UOTBUIWILIOSI QWONNOASLI JIND s1oyIewolq qND pue oz1s uonendog u3isop Apni§ (1e0)) JoyIny

(ponunuoo) | sjqey

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

790

Jress

ddd pue

€681 pade ‘(Jg=u)
M pue (Tg=u)

010T

ON uoneurwLdsiq AepAroag  N.LH /Suiddip [euniooN ddgs Joj 1011uow 4qgv Jyoelg ‘sinpe g9=N [BUOI109S-SS0ID) ‘[B 30 UBWIYITY WeWS ¢
(98 = u) uowom
oS ‘(9 =u) uaw ‘synpe
SOA  UOHBUIWLIDSI PoALadIod NILH d9d pue dgS  UedLROWY UNBTCEI =N [BUONII9S-SS0ID 010T 'Te 19 2MDIN ¥
(%0%) uaw “(%09)
uawom (898°1 =u)
9[eds MM (928°T=u)
Auo 49 ‘sox  uoneurwLIdsI( AepAroay NLH dda ddgs VV ‘Y697 =N [UOND9S-SS01D) 600T T30 SIMT T
[(y9=u)
UdW ‘(L] =U) USWOM
ON  9[edS WISIORY PIAIOI] N.LH ddd pue 4gS ueo]N ueduowy oerg] [12=N [BUOT}O3S-SSOID) 600T ‘Te 10 o[epsyieg  OF
are) $9—81 pase sy0alqns
[BIIPIIAl puR ANoTuLyig aatsuaredAy (gzg =u)
‘001 Jo Koamg uon d4gd pue MM ‘(P61 T=U)
ON -epunoy Afrwe, Josrey| [onuod N.LH dgs loj1oyuowr 4gy  Yoe[d ‘Sinpe 151 =N [BUOT}OIS-SSOID) 800T Te 19 I0IA  6€
¥9-0C pase ‘(1 =1u)
(S¥d) ddq pue uswom pue (1] =u)
SOL  9[BOS WISIORY PIAIIID] NLH dds oy 10)luow gy  USW ‘synpe yoe[g ¢S=N [BUOI103S-SS0ID) 800C e 10 uole[uIS 8¢
(0s=u)
udwom pue ()g =u)
usw ‘(8] =u) oune|
adred pue ‘(yz=u) YoeIg
-uonsang) UOHBUTWILIO Kyanoeax ‘(g7 =u) AIYA\ ‘sajen 8002
SO -SI O1UY)g PIAIadId] N.LH JH pue 49 ‘d9S -peisiopun 239[[00 0L =N [BUONOIS-SSOI)  UA)ZSne[ pue UOWORS /€
06—¢¢
pase ‘(L1 =u) uswom
[eos pue (¢6¢ =u) uauwr
AJUo USWIOM YV ‘SoX  uoneuruLosiq AepAroaq N.LH ddd pue 49S ‘SINPe YV 0111 =N [BUOI109S-SS0ID) 8007 ‘T8 10 511990y 9¢
$9-81 pase (€11 =)
udwoMm ‘(€9 =u) uow
ON  9[B3§ WISIORY PoAladiod NLH ¥HPuedvIA ddd ‘d9S ‘SINPR VV 9LT =N [BUOIO935-SS0I7) 800T ‘[e 19 Iajulod  6¢
(Jg=u) udwom
ddd pue (61 =u) uaw ‘syuapn)s
A[uo Jg( 10J ‘S0 9[eOS WSIORY PIAIIOIO] N.LH dgs 1oy 10)uowr gy 9391100 VV OV =N [BUOT}OIS-SSOID) LOOT TBRIIH V€
(9L =u) syuerdrarwt
ouneT] ‘(g1 1 =u) syueid
S[MPON -Iwwt yoerg (gL =u)
SOA Q0BY 0] SUONOeY YL NLH d49d pue ddS VV ‘SINpe 999 =N [eUONII9S-SSOID 900C Te 1 ueky  ¢¢
dND pue
UONBRUTWLIOSIP OIUY)S/[RIOR] ordwres
U99MJ2q UOTJBIOOSSY  INSBIW UOTBUIWILIOSI QWONNOASLI JIND s1oyIewolq qND pue oz1s uonendog u3isop Apni§ (1e0)) JoyIny

(ponunuoo) | sjqey

pringer

Qs



791

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

SOX

SOX.

ON

SOX

SOX

ON

SOX.

SOX

SOK

ON

QIreu
-uonsang) UoNeUruLIO
-SI(J OIUY)H PAAIRDId]

J[eds
UOTJRUTWILIOSI(] ABPAISAT
J[eog uon
-RUTWILIOSI(] ABpAIoAq
‘9[e0S UOT)BUIILIOSI]
JO saouanadxy s,
uorneroossy yorduy

Jreos
UOTJRUTWILIOSI(] ABPATOAT

JuUSWINISU] UOTJBRUTIILIO
-s1J Apni§ 1189 UOSYOR[

(SATRY) 9[8OS SA0Ud
-11odXF 9JI] puR WSIORY

J[eog
UOTJRUTWILIOSI(] ABPAISAT

aIreu
-uonsan() uorssaxddp

9[eds uoneu

-TLIoSI AepAIoAy pue

9[8OS UOTJBUILILIOSI(]
Jo seouariadxy Iolej

9[edsS uoneu
-TWILIOSI(T JO seouattadxyg

NILH

NLH

dAD ‘NIH

N.LH /3urddrp reuinjooN

NLH

NILH

NLH

NLH

NILH

NILH

dga pue
dds 103 10y 0w Jgv

d49d pue
dds 10} 1ojuowr v

dAd
uodoar-y198 ‘ddd ‘ddS

dgv
‘1 UI[OYIOPUL BUISB[]

ddd pue ddS

dVIN d9d ‘d9S

ddd pue d4S

[osnio)
Areatres ‘d4d ‘dds

d49d pue ddS

N.LH payiodar-flog

(687 =u) (e)ouneT pue
(81¢=1) YoRId ‘LO9=N

9G 93e ueowW ‘(§¢ =u)

AMYM ‘(6 =4) YouId
‘uowIom Jnpe // =N

(699 = u) uswom
‘0Opg =) usw (105 =u)
AMYM (YOS =)
Yorlg ‘sinpe 00T =N
(LLr=u)
AMYM (SLT=U) VV
‘synpe 3unok gsg =N
(O181=1)
uow (gz1'e=1u)
UawoM ‘48—G¢
Pase 'YV 6£6'7 =N
T'0g o8¢
ueowW ‘()G =u) USWOM
‘(09 =u) uaw ‘synpe
sunok vv 012=N
(%L¥) uowom “(%¢¢)
usw ‘(9 =1u) [eroelq
‘(gL =u) uedLRWY
otuedstH ‘(411 =u)
VA (96=1) VV ‘TI-L
pase uaIP[IYd $67 =N
(01 =u) uowom
‘(ZTy=wu) uaw ‘symnpe
UBlremeH 9ATEN Oy [ =N
(epy'1=1u)
UdWOoM pue (9¢z‘ [ =u)
uow (GO1°T =u)
MM “(STy=1u)
otuedstH (6511 =)
VV ‘SINPR 6L9°T=N
(8101 =) a1y pue
(zyy=u) Yoelg uioq
-SN ‘SNNPR O9F 1 =N

[BUOI}03S-SSOI))

[BUOI}03S-SS0ID)

[BUOI)O9S-SSOID)

[BUO1}03S-SS0ID)

[eUO1103S-SS0ID)

[eUO1103S-SS0ID)

[BUOI}03S-SS0ID)

[eUOI)33S-SSOI)

[BUOT)09S-SSOID)

[eUO1103S-SS0ID)

910C ‘T 1° ApooN-Kieeg  €G

S10T '[e 0 JouSepy ¢S

€10C e 1311y [§

€107 'Te 12 IyS03a1 (¢

CI0T '[elesWwIg 6

CI0T 19MeD) pue N9[GaN 81

C10T ‘T8 19 STpnuawIy Ly

C10¢ ‘Te 19 e[nyO[OyRy  Of

10T T8 R pryelnN 6y

010 T 10 19301y f

D pue
UORUIWILIOSID JTUY}Q/[BIORT
U9M)9q UOTIBIOOSS Y

QINSBIW UOT)BUIWILIOSI]

QWONNOASLI JIND

s10yTRWOIq AIND

ordwres
pue oz1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

792

N.LH 10} ‘Sox

Q0UR)SISOY UI[NSUT JOJ ‘SOL

ON

ON

ON

SOX

SOX.

SOX

SOX

SOX

SOX

Kaams FONVLSIA

9[eoS uoTRU
-IWLIDSI(] JO soouartadxy
Jeos
SIUSAH PRIe[Y 08y
AU} pue 9[edS UOT)BU
-IWLIDSI(] JO soouartadxy

9[edS uoneu

-TWLIDSI(] JO soouaLIadxy
Jreos

UOTIRUTWILIOSI(] ABPAIOAT

Jreos
UOTIRUTWILIOSI(] ABPAIOAT

XOpUJ JUSWIRAL], JRJU()
N0V pue 9[BIS JUSW
-jeal], arejup) AepA1oaq

o1eos
UOTRUTWILIOSI(] ABPAIOAT

JUSWINTSU] UOTJRUTUILID
-s1q Apmi§ }1eal] uosyorf

a[eoS uonEU
-IWLIDSI(] JO soouarradxy

aIreu
-uonsang) UONBUTWILIO
-SI(] OTUY}H PAATOOIS]

NILH
pue sajaqei(q 7 2dAT,

sajeqeI( g 2dAL

NLH

NILH

NLH

NLH

NLH

NLH

NILH

NLH

N.LH /3urddrp reuinjooN

1a1
pue 44d ‘ddS °1VIH

D1VAH
‘urnsuy Sunseq ‘O]

d4dd pue d4S

d49d pue ddS

dgd ‘dds

NLH pariodar-jag

dgd ‘dds

d49d pue ddS

ausd SIS

N.LH pariodar-jjag

d4dd pue
dds 1o} Iojuowt 44V

(%9°19)

uaw pue (%1°8¢)

uawom (% 1°GE) NMYM
(%6'79) VV ‘TO9=N

9G 95e ueow ‘(8¢ =u)

M “(6€=1u) oeld
‘usmiom Jnpe // =N

7' 1€ 93 ueow
‘USWOM VV 9TT=N
(9ss=u)
AMYM ‘(F08="1)
YorIg ‘SINPR 09€1 =N
7 93k ueow ‘)G—O¢
page uowom VvV 80CT=N
LS
93e ueow ‘(%67) uowr
‘(%1 L) uswom ‘synpe
uellemeH 9ALBN [L] =N
(Ly=u
AMYM “(LOT =U)
Yoerg (65 =u)
ouneT ‘sinpe 6I7=N
(9¢ =u) udwom
pue (7 =1u) uow
‘SURIPU] UBOLIDWY [/ =N
$8-1¢ Pase (%8¢€)
uawr ‘(%77 L) uawom
SINPR VV CE6T=N
(0€ =) 19410 (071 =)
otuedstH “(¢61°1 =u)
Ay (061 =14)
yoerg ‘reoued ayeysoid
M udW £eC [ =N
(%S ¥0) 1™9PO
PUe (%1°TH) MUM
onuedstH (% €)
yoerg oruedsty ‘synpe
otuedstH 081 =N

[eUOT}09S-SSOI))

[BUOI)33S-SSOI)

[eUO1)33S-SSOIL)

[BUOI)O9S-SSOID)

[eUO1)O3S-SSOI)

[eUOI1}O3S-SSOIL)

[eUOT}03S-SSOI))

[eUOI)33S-SSOI)

[BUOI)O9S-SSOID)

[eUOI)33S-SSOI)

[eUO1103S-SS0ID)

CI10T 'Te 19 uosme(

€102 ‘Te 10 1ouSepm

0202 'Te 39 WSLuM

020T 'Te 19 [aLIqeD

610T T2 19 S[RUDI

6102 'Te 32 Sug

810T 'T¢ 10 U0IGa]

L10T 'Te 10 1okey,

L10T 'Te 30 10]ke],

L10T 'Te 19 Wolo

910€ 'Te 10 zon3upoy

9

€9

29

09

6S

8¢

LS

9¢

199

¥S

D pue
UOTRUIWILIOSID JTUY)Q/[RIORT
U9M)9q UOTIBIO0SS Y

QINSBIW UOT)BUTWILIOSI]

QWONNOASLI JIND

s10yTRWOlq QIND

ordwres
pue az1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

Qs



793

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

SOX.

ON

SOX

ON

SOX

ON

SOX

SOX

SOX

ON

ON

9[eds uon
-~BUIWLIOSIP JO SOOUALI

-adxgq 10feq pue o[eog

UOTJRUTWILIOSI(] ABPAISAY

JUSWINISU] UOTJBUTWLID
-s1( ApmS 11eoH uosyoe[

Jreos
UOT)RUTWILIOSI(] ABPAIoAy

a1reuuonsang)
UOTJRUTWILIOSI(] PIATSII]

9[BOS WISIORY PIATOII]

Jreos
UONRUTWILIOSI] ABPAIoAy

Jreos
UONRUTWILIOSI] ABPAIoAT

j10dar-J[o8

9[esS uoneu
-TWITIOSI(T JO seouattadxyg

Jreos
UOTJRUTWILIOSI(] ABPATSAT

Konms FONVISIA

A1s390

AisaqQ

Aisaqo
A1saq0

AysaqQ

AisaqQ

AisaqQ

S9JoqeIp [EUOTE)SID)

sojeqeIq

S9JoqeI(] [BUOTJBISID)

sajeqeI(] 7 odAL

INd

0ud
-IOJWINOII JSTeAN “TINE
INg
NG

INd

holite)
-IQJUUINOIIO ISTRM ‘TINY

INg

j10daI-J[o8

NG “910da1-J1og
189) douUR

-19]0) 2s09N[3 Y ¢ 159}
93uaqreyo 9s0on[3 Y |

STVAH

7t 93e

uBaW “19p[0 puB 8|
pase ‘uell VV 60T T =N

S6-1C Pa3e (%S'¥9)

UawoM (%G°9¢) usw
SINPR VV [0¢°'S=N

(6¥c=1u)

uowom ‘(811 =u) udw
‘ueliemeH SANRN L9€ =N

8¢ ‘TING ueaW ‘1/-8]
pagde uowom Vv OSE=N

L 98 ueow
‘UWOM VV OTT =N

9y o5

ueow ‘(18 =u) oed

-STH (8001 =) Yorlg

HN (90TT =1) aym
HN ‘SInpe SZ0e=N

' 1§ 93e ueow

‘(Sz01 =u) uswom

‘(1¢6=1u) uow ‘sued
-LUoWY UBISY 9C61 =N

(coL=u)

PO (6Te'1=1)

otuedsty ‘(198 =)

yoerg (1611 =4)

SMYM (%+'CS) utoq

-ug1a104 *(%9°Lp) uioq
-SN ‘uswom $80y =N

synpe oruedsIy €779=N
(Sg=u) 1O (c6=1u)
oruedsTtH (66=u)
Joerd (89¢ =)

SIA ‘USWOM C6C=N
(€€7 =u) uowom pue
(69€=u) usw “(gog=u)
MO (66 =1)

VV ‘SInpe 709=N

[eUOT}09S-SSOI))

[BUOI)d3S-SSOI)

[BUOI)09S-SSOID)

[eUOI1)33S-SSOI)

[BUO1}03S-SS0ID)

[BUOT)O9S-SSOID)

[BUOT)09S-SSOID)

[eUOI)33S-SSOI)

[BUO1}03S-SS0ID)

[BUOT1}03S-SS0ID)

[eUO1103S-SS0ID)

L10T e odioyy  GL

L10T ‘T8 19 eAOYuRdaS 7/

(404
OIUOJUY pUB UIQNIO]N €/

T10T ‘T2 19 uosuyof g/

110C T8 10 BMpPUSMIN [

600 SWEI[IM Pue uny 0L

800C Te1999) 69

TT0T e R eNeqId 89

10T ‘Te 0 Apowrey] /9

020 'T¢ 12 10321098 99

10T 'Te 30 spioukey 69

D pue
UORUIWILIOSID JTUY}Q/[BIORT
U9M)9q UOTIBIOOSS Y

QINSBIW UOT)BUIWILIOSI]

QWONNOASLI JIND

s10yTRWOIq AIND

ordwres
pue oz1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

794

Jreos

I 98 ueow (8.6=1u)
uswiom ‘(g9 =u)
uauw ‘synpe yoe[g

ON UONBUTWILIOSI(] ABPAIOAT @D 11odar-Jjo8 ueaqque) (791 =N [BUOT}OIS-SSOID) 810C Te 19 udkn3N 98
o[edg uonEU dAdD 3uol (0¢—81 pase)
SOX  -IWLIOSI(] JO SOOUQLIAAXF  puB QWOIPUAS JI[OqRIAIA 210WO[9) NK0YNST  SINpe Sunok vy [6E=N [eUONI9s-$S0I) 0207 e ®’YD 68
aIreu
-uonsan() UONBUIuLIO Q1098 QWOIP 9]—8 pase
d¥D P -SKT OWYIH PAAIROId] and -UAs oTOqRIPIN 'd¥D  ‘YInoA oune T oy I =N [BUON}935-5501) 610C ‘T2 1 uadols  ¢8
(zsg =u) uedrWy
Inog ‘(088 =1u) uedry
oyRng ‘(0807 =u) ued
-IXOIN (GLL=u) UBqn)
‘(€65 =) uedtOWY
aIreu QOUAIJWINDIID [enua)) ‘(pgg=1u)
-uonson() UONBUTWILIO JSTem pue SOPLISOATSII], UedIUIWO(] ‘SOUne|
ON -S1( dtuyrg paAIadiad owoIpuks OlOqEIDN ‘9 ‘ddS ‘Ddd “TAH oruRdSIH L 1°C=N [eUONI2S-5S0I7) 610C e x04 €8
BoIe Aeg 09SIOURL]
9[eog uoneu dds pue ueg ur (0G—0¢ paSe
SOX  -IWLIdSI(T JO ooudLIadxy AND  d9d ©TV9H ‘9- T ‘'dd0 USUWOM V) 80T =N [BUOI}O9S-SSOI) 610C eI WY T8
€'Gty a8e
ueow ‘({4 =u) eune|
9[ed§ uoneu foruedsTH “(0€T =) VV
ON  -IWLSI Jo saduaradxy adno IN9 ‘d9d ‘ddS ‘uswom J[Npe 8L =N [eUONI9S-SSOID LI0T TR US I8
3[eog uoneU daad p3ua] 05-0¢€
SOX  -TWIIOSI(T JO SQOUQLIAdXE — pUE QWOIPULS OI[OqRIA Q10WO[) 9K00yNa] pagde uow VvV 26=N [eUOT}09S-SSOI)) $107 e ®yYD 08
Jreos 0Ud G7—81 paSe uowom
SoX  uoneuruLIdsIq AepAroag K1saqO -IQJWINOIID ISTeA “TING RISI[0d VV 9E T =N [BUONOAS-SSOID)  [ZOT ‘Te 10 SOWeR(-SUUB]N 6/
(6cT=1)
aIreu uswom ‘(66 =u) uowr
-uonson() UONBUTWILIO ‘65°0C oS¢ ueow
SOX -SI(] OTUY)H PIAIOOId] K1saqO NG ‘syinpe oune] 861 =N [BUON}09S-SSOID) 120T Te o eremiSe 8/
SC=81
ssang paSe uowom uBdLIDWY 610C U9NOOIN
SOX. PaTR[Y-208Y JO Xopu[ Ki1saqO NG oerlg 21eI139[[00 6] =N [eUOT}09S-SSOI)) pue [eAY-oIuSuo| /[
80°St
93k uroW ‘UdWOM
9[ed§ uoneu %80°TS “UdW %T6'LY
SOX  -TWIIOSI(T JO seouattadxyg Ki1saqO INg ‘SINPe Ly TE=N [eUOT}09S-SSOI)) 6107 Te1eseaon) 9/
dND pue
UOTRUIWILIOSID JTUY)Q/[RIORT orduwes
UQ9M)Aq UOTIBIOOSSY  QINSBIW UOIIBUNULIOSI(] QWOINO/SHT (TIND SIOYTRWOIq (TIND pue az1s uonerndog uStsop Apmg (Teax) Joyny

(ponunuoo) | sjqey

pringer

Qs



795

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

SOX.

SOX

SOX

SOX

SOX

SOX

ON

ON

SOX

ON

A[uo DV ‘sox

ON

aIreu
-uonsan() UORUIWILID
-SIJ OTUYIH PIAIII]

paydepe oreog
UOTIRUTWILIOSI(] ABPAIOAT
SJUOAT
1S10RY JO 9[NpaYoS

JUSWINIISU] UONBUTWILID
-s1J Apni§ 11B9H UoSyoe[
9[eds uoneu
-TWLIDSI(] JO Qouartadxyg

9[edS UONBUIWLID
-SI Yam saouaLIadxyg
9[5S UONBUTULIISI]
QWY JO uSpINg pue
Q[0S UONBUTWLIOSI]
QWY ‘9[eds uon
-RUTWILIOSI(] ABpAIoAg

Q[0S UONBUTWLIOSI
KepAIoAT pue 9[eos
UOTRUTILIOSI(] QW]
UIVNLSO siuoag
1S10BY JO 9[Npayos
Jreos
UOTJRUTWILIOSI(] ABPATOAT

a[eoS uonEU
-IWLIDSI(T JO soouartadxy

Jreos
UOTJRUTWILIOSI(] ABPATOAT

NLH

NLH

dAD

dAD

dAD

dAD

dAdD

dAD uspiouf
dAD pue

UOT)EWWE U OTWoISKS

dAD

dAD

ao

JH pue 44d ‘d9S

dd weprouy payroda-jjos
[019)S9[0YO pue
IAQH ‘d9s payodor-j[og

ddo

dIseaw paytodar-Jjog

AAD panodai-J[os

SOW0d
-no AD partodar-jog

uon
-BZLIB[NOSBAAI ATRUOIOD)

eydre AN.L
01711 ‘8711 ‘911 “11L
(d¥D) urajord 2anowRaI-)

dd pue “IAH DVD

WD pue D uneisk)

$9-0C
paSe ‘(e)oune oyl
PUE YORIL LIT ‘LSE=N

(LgJo
93e uerpowr) USWOM

ORI SN 0EC0E=N

L8-0T pa3e
sa[dnoo jnpe vy €97=N
T6—1T Pa3e (LyT e =u)

uowom (868°T =)
USW VY SHI‘S=N
(synpe Ay
Joyoe[g) 8SLE=N
(%6°81)
oruedsIy pue (%07)
yoerd HN “(%$°LS)
aMym HN ‘(186 %1 =1)
uswoM (110°CT =u)
USW ‘SYINPY 266°9C=N

€' o8 urow “(%4°€9)
uswoMm (%6°9¢) usw
‘SINPe VV G80'S=N
QR.N.NC asauryD
“(%¢€°72) owedsiH
(%¥'90) YorId “(%6€)
AMYM ‘SHNPE §OS9=N
61-L1
sa8e Yok VvV ‘967 =N
(9®19 %9'+T MM
%6t) USWOM (61T =N
G 01 €€ Pase (16, =)
Usuwiom pue (1.5 =u)
U ‘VV 29¢° T =N
(%)
9081 1Y) pue (%/)
ouneT] (%8) Joerd
“(%¢€8) aMyM (001-CS
pade) sinpe ¢L6°01 =N

[eurpmyISuo|

[eurpmiSuo|
[eurpmyISuo|

[BUOI)O9S-SSOID
pue feurpmISuoT

[eurpmyISuo|

[eurpmiuo|

[eurpmSuo|

[eurpmISuo
[eurpmISuo|

[eurpmyISuo|

[eurpmISuo|

[eUO1103S-SS0ID)

800¢ 'Te 19 ojopuoig

9007 'Ie 19 19120D)

C0C 'Te 19 Lieg

020¢ 'Te 10 swlig

610T e R Aog

LT0OT O[[LLD pue op[)

LTOT 'Te 30 Aepung

G10T ‘T 12 9S0Y-UOSIoAT

10T ‘Te 10 Apoig

¥10T Te 30 ApooIN-Kieag

2102 e 10 oSe1oag

020¢ 'Te 12 990D

86

L6

96

g6

¥6

€6

6

I6

06

68

88

L8

D pue
UOTRUIWILIOSID JTUY)Q/[RIORT
U9M)9q UOTIBIO0SS Y

QINSBIW UOT)BUTWILIOSI]

QWONNOASLI JIND

s10yTRWOlq QIND

ordwres
pue az1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

796

9[eds uoneu

[cog=u
USW YA PUE ‘856 =1
uowom AYM ‘p19=u

uow yoe[d ‘106=u

SOA  -TWLIdSI(] JO saoudLIadXy dnD dID  uswom NIe[g] ‘9cc e =N [eupmiSuo] IO ‘e 30 weysuuun) /0]
1374
Jo NG ueaw ‘(6'T€
paydepe oreog Jo 93e ueowW) USWIOM
soX  uoneurwridsi( AepAioay AseoqQ INg JorId SN 018°CI =N [eurpmyISuo| ¥10C 'Te 12 12120 901
6'S 23e ueowr
‘(686 =u) eune/omued
-STH “(Sep T=u) orlg
A[uo uon 9[edS HN “(60%°0€ =) Ay M
-BUTWIIOSIP JO[eW I0J ‘S9X  UOTJRUTWILIOSI(] ABPAIoAg sajeqeI(] 7 2dAL j10dor-J[oS  HN ‘UoWOM CE]CC=N [eurpmyISuo| 1207 ‘Te 1@ uoisen GOT
9[eos uoneu 1$9) Qoue
ON -IwLdsI( JO seoudLRdxy sajeqelq  -19]0) [e10 ‘DG 91 VIH s)npe yoe[g GLI‘T=N [euIpmyISuo| 020z 'Te 10 dukey 01
(9z8‘c=1u)
USWoM pue (487 =u)
udw ‘(19 =u) asou
9[ed§ uoneu -1y ‘(€01 T =)
-rLosIq AepA1oaq pue oruedsty ‘(997‘z=u)
9[edS uoneUTLISSI S9joqerIp AMYM “(00€°T=u)
SOX Jo soouaradxH Jolejn sajeqeI(q g 2dAL payodar-[as ‘Og. VV ‘SINpe OIE‘S=N [eurpmISuo| L10T 'Te 10 IBIYM €01
9[edS (69-1¢ pege
SQX  UOTRUTWILIOSI(] ABpAISAY sajeqeI(] 7 2dAL NG  USWoM VV) [8L‘SY=N [eurpmyISuo| L107 Te R uodeg 70T
(PLy=1u)
asaury) “(¢yL=u)
otuedsiy (979 =u)
9[edS UOHBUILISSI(] Yoerd ‘(ySy1 =u)
QWY pue 9ed§ uon ANMYM ‘$8-GH pase
syuedroned yoe[q 10§ ‘S0 -eurtLIOSI(] KepAroag NLH ddd ‘d4gs SINpe L6T € =N [eurpnyISuo| 10T '[e3°9piod [0I
9[BOS UOTRUIULIDSI(] (%6°8€) U “(%1°19)
QUINQJITT pue 9IS UON uawom ‘(G8—1¢ pasde)
SOA “eurwiLIosI(] KepAroay NILH ddd pue ddsS SINpe VV SH8' I =N [euIpmyISuo| 0¢0C 'Te 1R =3pIod 001
(esoueder
J[eos pue ‘asaury) ‘oruedsty
ON UONEBUIULIOSI( ABPAIoAY NILH dgapue dds Omym Yoe[d) 081°7=N [eurpmI3uo  61OT ‘Te 30 APOON-A1edg 66
dND pue
UOTJRUTWILIOSIP OTUY}9/[BIORI ordwres
U29M}q UOTIRIOOSSY  QINSBIW UOTJRUTWILIOSI(] QWOINO/STI (TIND SIOIRWOIq (TIND pue az1s uonendog u3isap Apms (191 I0YINY

(ponunuoo) | sjqey

pringer

Qs



797

Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

SOX

SOX

SOX

SOX

SO

ON

SOX

SOX

SOX

SOX

J[eos
uoneurwLIOSI AepAIoaq

amseaw pajiodar-Jjog
9[edS JuAAyg
J0 j0edw] ‘vorRUNLID
-SI [BIOBY pare[nuilg
j10doI-[os
PUB UONRUTWLIOSI]
[e10BY paje[nuirg

Jreds
UOTJRUTWILIOSI(] ABPATIOAT

JUSWNISU] UONBUTWLID
-S1(J ApmiS 1Ie9H UOSor[

dIseaw payiodar-Jjog

a[eos

UOIIRUTWILIOSI(] ABPAIOAT

ainseaw payiodal-J[og

Jreos
UOTJRUTWILIOSI(] ABPATOAT

dAD

dAD

dAD

dAd

dAdD

ao

ao

QWOIPUAS JI[OqEIRA

uone[n3aIsAp d1[0qeIN

QWOIPUAS OI[OqRISIN

[0SDI0D ‘as®
-[Awre eyde ‘vAHA ‘d¥D

ddD
pue [0s1I0D) AIeATeS

UH ‘A¥H

JH pue 44d ‘ddS

JH ‘d9d ‘d9S

onex
QuIUNeAId-urng[e Y40

(419)
9Jel uonen[y Je[nIoworn

Ddd
pue TQH ‘SopLIQIA[ILI],

"TdH
PUB DIVAH ‘dd ‘ddD

10H “(D9) 9509
-n[3 poorq Sunseq ‘dq

r9=u)
udwom ‘(1zg=u)
UdW ‘S)Npe Yy GY=N
€9-81 pose ‘(zg=u)
uawom ‘(9¢ =u) uaw
‘SINPE VV SIT=N
€861
a8e ueow ‘syuapnis A39[
-[00 UAWIOM YV TH=N
(Or=u) Mym
‘(0p=u) orrg ‘1491
paSe uowom ()8 =N
Y4
a3e ueow ‘(g9g =u)
va ‘(101=4) VV
‘UQWIOM J[Npe €9¢ =N
GG a3k ueowr
‘($T1°7=u) uowom
“(997°1 =u) udw ‘ued
LWy Yor[g 06 € =N
(#9-0¢
PaSE ‘VV §86 pue
SONMYM 799) 0T9'T=N
(uowr %6°9¢
‘uowom %1°¢€9) S6-1C
sa3e sINpe VV 0L8'C=N
(9LT'9=1u) AyM
‘(#00°T =u) orIg
‘(<06 93e) 08T'L=N
[(Lzg=w)
asouedef ‘(461 =u)
asaury) ‘(g1 =u)
otuedstH (6901 =)
AYM (€S =u)
Yoerd] ‘synpe gEI'T=N

reuowodxg-1seng)

reyuswadxg-1send)

[eyuowitradxg-1senc)

reuowadxg-1seng)

[eyuowadxo-1seng)

[eurpmISuo

[eurpmyISuo|

[eurpniISuo|

[eurpmiSuo|

[eurpmyISuo|

L10 'Te 30 seon]

910T T2 19 Seon]

G10T e 12 pIe33oy

9007 'Te 30 210do

1002 e 30 [[AnD

810T & 10 eroAung

L10T 'Te 12 unopog

020¢ T 19 [opIeD

020¢ usog

810T & 32 ApooN-Aieag

LI1

ol

ST

148!

el

41!

ITI

(181

601

801

D pue
UOTRUIWILIOSID JTUY)Q/[RIORT
U9M)9q UOTIBIO0SS Y

QINSBIW UOT)BUTWILIOSI]

QWONNOASLI JIND

s10yTRWOlq QIND

ordwres
pue az1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

798

BOLIOWY JO $9JBIS PAjIu) =) ‘ueoLowy ueadoinyg = 7 O1uedSIH-UOU = fJA/ ‘UBDLIQWY UBJLY =YY/ ‘urdjoid
juejORIIEOWAYD d)Ko0uUoW = gy ‘aInssaid pooiq Alorenquiy = JgV ‘4 19)10dsuenod jeuoqrediq wnipos d1uagonad[d = auasd yE)7S {120 poolq payd =gy euoiasorpuerdeoipAyaq = VIHJ
{Xopur ssewl Apog=Jg ‘9iel uonen[y Ie[niowon) =yJo ‘surajordodi] Aysuep moT="7q7 ‘sursjordodr] Aysuap YSTH="7@FH $10}0€] SISOIOAU IOWN], = JNJ ‘SUDNSMIARU[="7] D]V UIQO[3
-OWRH =) VqgH ‘9soon[3 poo[q JunseJ=0gJ ‘AN[IqeLiea 9)el JBOH =AYH ‘9el 1eoH = y4 ‘oinssaid [eLIo)Ie UBN =J VN ‘U1o)oid 9AndRaI-)=JYy) ‘UONedyIdEd AIo)ie AI1euoio)=)v.)
tamssaxd poo[q oroiseIg=ggq ‘omssaid poo[q O1[0ISAS=ggs <uoIsuIodAH=NLH :9SeasIp OI0qeIdwWoIpIe) =) 9SeasIp Aoupry OMOID= (7Y :9SeISIp IB[NOSBAOIPIED) =JAD

SOX

SOX

SOX

SOX

ON

SOX

9[edS UONBZNI[OUBPEN
aIreu
-uonsang) AJNANISUAS
uonoafoy paseg-ooey
j10daI-J[os
KQq pamor[o} Jusw
-110d X9 J10SSOMS ISTORY

uon
-RUTWILIOSIP pajiodar-J[os

(SA-sva
9[BOS UOTJBUIWILIOSI]
ApmS Bary 310109(J
a1reuuonsang)
uorssaiddQ payIpon
Q) pue 9[eos 2nsodxqg
QUINIJIT “dIreuuor)
-san¢) UONBUIWILID
-SIJ OIUY) PRAIOId]

sajeqeI(] 7 2dAL

ao

osuodsax
TeInoseAOIpIed ‘N LH

dAD

dAdD

K)JIATIORAI TB[NOSBAOIPIRD)

3soon[3 poojq Sunse]

dgd ‘dds 911

JH pue 44d ‘ddS

[0S1)100 ATeAT[RS ‘dVIN

d¥D Pue 9-T11

ey
MeoH pue ddd ‘ddS

66 a3k ueow ‘(G =1u)
USWOM PUR (/¢ =1u)
usu ‘synpe yoeldq g8 =N
(1€ =u) udwom
‘(Tg=u) uow ‘G9-¢7
paSe SINpe Vv ZS=N

Ly=81
paSe ‘uow yoelg ¢/ =N
9581 o3¢
ueW ‘(¢G =u) UdWOM
‘(1€=u) uaw ‘sjudds[
-ope oule §°N) 8 =N
$L~0 page
(Y oruedsig-uou

67 PUB V'V (5) Uswom
[esnedouaunsod g6 =N

0€—81 pase (§=u)
udwW ‘(L7 =1Uu) udwwom
‘UBlIBMBH 9ANBN SE=N

[0TU0O—2sE))

NFO). |

NFo). |

[eyuswLIadxo-1seng)

[eyuowitradxg-1senc)

reyuownadxyg-1seng)

100T S19quey) pue [,

120 'Te 10 B[Oty

900 ‘T8 30 NHON

120T T® 1° 39pe[S

810T e 19 ueqes

810T ‘Te 12 eINSOWIOH

eCl

[44!

IcI

0cl

6l1

811

D pue
UOTRUIWILIOSID JTUY)Q/[RIORT
U9M)9q UOTIBIO0SS Y

QINSBIW UOT)BUTWILIOSI]

QWONNOASLI JIND

s10yTRWOlq QIND

ordwres
pue az1s uonendog

u3isap Apms

(102} Joyiny

(ponunuoo) | sjqey

pringer

Qs



Journal of Racial and Ethnic Health Disparities (2024) 11:783-807

799

Table 2 Frequency and association of cardiometabolic disease and biomarkers across studies

Cardiometabolic dis- Cross- Positive Longitudi- Positive asso- Quasi-experi-  Positive Other (n=3)  Positive Total signifi-
ease and biomarkers  sectional association nal study  ciation (2=19) mental study association association cant association
(N =123 studies) study (n=61) (n=25) (n=38) (n=17) (n=3) (n=90)
(n=87)
CVD (n=40) 23 21 9 6 8 7 0 0 34
Hypertension 40 25 5 4 0 0 1 1 30
(n=46)
Diabetes (n=11) 6 4 4 3 0 0 1? 1 8
Obesity (n=12) 11 8 1 1 0 0 0 0 9
Metabolic syndrome 5 3 4 4 0 0 0 0 7
(n=9)
CKD (n=5) 2 0 2 1 0 0 1 1 2
Biomarkers
SBP and DBP 40 7 4 38
Mean arterial pres- 3 0 1 0 2
sure (MAP)
C-reactive protein 5 4 3 0 9
(CRP)
CAC 3 1 0 0 3
HbAlc 4 2 0 0 2
HDL, LDL, Tri- 2 5 0 5
glycerides
IL1, IL6, 118, 2 1 2 0 4
1L10, TNF alpha
Heart rate (HR), 7 1 4 1 11
HR Variability
Fasting blood 4 4 0 1 6
glucose (FBG)
Leukocyte tel- 3 0 0 0 3
omere length
BMI 15 2 0 0 13
Plasma endothe- 2 0 0 2
lin 1
GFR 1 2 0 0 1
Cystatin C 1 0 0 0
ol and p adrener- 1 0 0 0 1
gic receptors
Salivary cortisol, 2 0 3 0 5
cortisol
DHEA 0 0 1 0 1
Alpha amylase 0 0 1 0 1
RBC heme degra- 1 0 0 0 1
dation
SLC4AS gene 1 0 0 0 1
Waist circumfer- 3 0 0 0 2
ence
Carotid artery 2 0 0 0 2
intima-media
thickness
Fasting insulin 1 0 0 0 1

CVD = Cardiovascular disease; CKD = Chronic kidney disease; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; CAC = Coronary
artery calcification; HbAIC=Hemoglobin A1C; IL=Interleukins; 7NF=Tumor necrosis factor; HDL=High density lipoproteins; LDL=Low
density lipoproteins; GFR=Glomerular filtration rate; BMI=Body mass index; DHEA =Dehydroepiandrosterone; RBC=Red blood cell;
SLC4A5 gene=Electrogenic sodium bicarbonate cotransporter 4; Other=Randomized controlled trial (RCT) or Case—control study (* denotes
case—control study focus)

@ Springer
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pressure (DBP) were the most frequently used (n=52) bio-
markers reported in cross sectional (n=40), longitudinal
(n=1T), quasi-experimental (n=4), and randomized con-
trolled trial (n=1) studies (Table 2). C-reactive protein
(CRP), a marker of inflammation, was one of the most
frequently analyzed biomarkers (n=12) in cross sectional
(n=5), longitudinal (n=4), and quasi-experimental (n=3)
studies. Other biomarkers examined were body mass index
(BMI, n=17), heart rate (HR/HR variability, n=13), fast-
ing blood glucose (FBG, n=9), hemoglobin Alc (HbAlc,
a blood sugar marker, n=6), coronary artery calcification
(CAC, n=3), leukocyte telomere length (nucleoproteins that
cap chromosomes, n=3), glomerular filtration rate (GFR,
assesses kidney function, n=3), plasma endothelin 1 (a
vasoconstrictor peptide, n=2), and Solute Carrier Family 4
Member 5 (SLC4AS5 gene, associated with cardiometabolic
phenotypes, n=1).

Across several studies, a significant positive association
between racial/ethnic discrimination and biomarkers of
CMD was observed, with SBP and DBP (n=38) found to
be the most frequently associated with experiences of racial/
ethnic discrimination, followed by BMI (n=13), HR/HR
variability (n=10) and CRP (n=9). Table 2 details the fre-
quency and associations of CMD biomarkers and their dis-
tribution across study designs.

Discussion

This review provides an overview of the relationship
between racial/ethnic discrimination and CMD among
racial/ethnic minority groups in the United States. To the
best of our knowledge, this review is the first to assess asso-
ciation between CMD and CMD biomarkers and to relate
them to measures of discrimination. Overall, the evidence
reviewed here suggests that there is a significant positive
association between experiences of racial/ethnic discrimi-
nation and CMD, with 73.2% of studies finding significant
links. Previous systematic reviews also suggest that there is
a significant relationship between racial discrimination and
cardiovascular health [24, 30]. One of the previous reviews
identified 15 eligible articles (sample size range = 69-4,694
participants) exploring the association between racial
discrimination and hypertension among African Ameri-
cans, with 60% of the studies finding a positive associa-
tion. Similarly, the other identified 84 articles (sample size
range =27-26,992 participants) examining the links between
stigma/discrimination and CVD risk factors, with 86% of the
studies finding a significant association among socially stig-
matized/discriminated groups. The current findings corrobo-
rate and extend previous work reporting a strong positive
association between discrimination and CVD risk [24, 30,
31]. The current review also examined CMD, expanding the

@ Springer

focus to include metabolic dysfunctions, such as diabetes,
obesity, chronic kidney disease, and metabolic syndrome.
In addition, this review explored CMD biomarkers sensi-
tive to discrimination as well as reviewed substantially more
articles, increasing the overall population sample size, and
additional measures of discrimination, with the majority of
studies finding a positive association. Such results suggest
that the processes that contribute to CMD are highly sen-
sitive to significant stress and burden from experiences of
racial/ethnic discrimination. Many of the studies included in
this review were completed in the last decade, underscoring
that racial/ethnic discrimination and CMDs remain pressing
public health problems that need to be addressed.

Although studies with different racial/ethnic groups have
been reported, African Americans were the most frequently
studied group. Given that African Americans are the largest
U.S. racial minority group [156], the frequency of CMD
in African Americans, as well as the extent of racial dis-
crimination and health inequities, this focus is important.
However, important gaps in the literature remain. For exam-
ple, there was limited evaluation of subgroup differences by
race and ancestry, and there were few studies that examined
in depth the impact of racial discrimination in many other
racial/ethnic minorities, such as Hispanics/Latinos, Asians,
Native Hawaiians, American Indians, and persons with
multiple races. Additional work in these areas is urgently
required.

Racism is embedded within structures and systems that
support or facilitate experiences with discrimination. Dis-
mantling such systems and structures is necessary to reduce
exposure to discrimination, and thus aid in reducing CMD
disparities borne by racial/ethnic minorities. Certainly,
efforts to dismantle systemic racism should prioritize policy
changes, ranging from creating new equitable policies to
enforcing existing antidiscrimination laws [157]. Limited
research has been conducted on the association of struc-
tural racism and/or systemic racial/ethnic discrimination and
CMD, with the majority of studies in this review examining
perceived experiences of discrimination. It is essential for
future research to examine this association to improve under-
standing and inform policies that can eliminate systemic/
structural barriers to optimum cardiometabolic health, as
systemic and structural racism has been linked to adverse
health outcomes [23].

Most studies were observational (Table 1); thus, causal
effects cannot be determined. However, nineteen longitudinal
studies [34, 3641, 48-50, 52, 55, 56, 90, 100, 104, 108, 112,
115], seven quasi-experimental studies [60, 64, 70, 75,77, 111,
118], and two randomized controlled trials [80, 110] provide
supporting evidence for temporality and causation. Results of
these studies were consistent with the cross-sectional findings;
however, some observational studies found positive associa-
tions for African American women but not men [85] and an
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increase in diastolic but not systolic blood pressure [61, 72].
Also, many studies that did not find a significant association
between racial/ethnic discrimination and CMD utilized small
sample sizes, thus the potential for underpowered studies may
explain these differences. This systematic review highlights
the need for more longitudinal, prospective cohort, and ran-
domized controlled trial studies to comprehensively meas-
ure experiences of racial/ethnic discrimination and establish
links to CMDs over time. Specifically, studies that consistently
employ large sample sizes and the same standardized measures
and/or markers of racial/ethnic discrimination and CMD will
be important going forward.

Our review of CMD biomarkers sensitive to racial/ethnic
discrimination exposure can contribute to improving detec-
tion and understanding of the pathogenesis of CMD among
racial/ethnic minorities. Consequently, such understanding
may aid in the prevention of CMD and complications among
racial/ethnic populations exposed to discrimination. Blood
pressure and inflammatory biomarkers were most frequently
associated with CMD related to experiences of racial/eth-
nic discrimination, supporting previous findings that chronic
stress from racial/ethnic discrimination increases inflamma-
tion and results in wear and tear of bodily systems [26, 27].
Also, genetic and novel biomarkers, such as SLC4AS gene
[95], plasma endothelin 1 gene [59], leukocyte telomere
length [74] and RBC heme degradation [94], were dem-
onstrated to be potential predictors of CMD risks among
racial/ethnic minorities who reported experiences of racial/
ethnic discrimination. The objectivity and reliability of
biomarkers support their increased use as risk assessment
tools for predicting CMD due to experiences of racial/ethnic
discrimination.

Limitations

Some limitations of the review warrant consideration. First,
we only included studies published in English. Second, we
employed specific search terms, used particular databases,
and set a defined timeframe. Thus, expanding the search
terms or including publications in other languages, from
other databases, or after our timeline might yield additional
articles not included in this review. Despite these limitations,
the review employed over 100 peer reviewed publications
to contextualize understanding of racial/ethnic discrimi-
nation-related CMD risk, with a focus on cardiometabolic
biomarkers.

Conclusions

In summary, the existing literature suggests that experi-
ences of racial/ethnic discrimination are associated with
increased risk of CMD, with findings relatively consistent

across varying study designs, samples, and measures. This
result indicates that a culturally-sensitive approach to CMD
prevention and one informed by the many ways racial/eth-
nic minorities experience discrimination is necessary. The
inclusion of experiences with racial/ethnic discrimination in
clinical assessment may be critical in detecting CMD early
and in prevention or improved prognosis for racial/ethnic
minorities.
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