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Racial inequities in blood pressure levels have been extensively documented. Experiences of racial discrim-
ination could explain some of this disparity, although findings from previous studies have been inconsistent.
To address limitations of prior literature, including measurement error, we implemented instrumental variable
analysis to assess the relationship between racial discrimination in institutional settings and blood pressure.
Using data from 3,876 Black and White adults with an average age of 32 years from examination 4 (1992—
1993) of the Coronary Artery Risk Development in Young Adults Study, our primary analysis examined the
relationship between self-reported experiences of racial discrimination in institutional settings and blood pressure
using reflectance meter measurement of skin color as an instrument. Findings suggested that an increase in
experiences of racial discrimination was associated with higher systolic and diastolic blood pressure (8 = 2.23
mm Hg (95% confidence interval: 1.85, 2.61) and p = 1.31 (95% confidence interval: 1.00, 1.62), respectively).
Our instrumental variable estimates suggest that experiences of racial discrimination within institutional settings
contribute to racial inequities in elevated blood pressure and cardiovascular disease outcomes in a relatively
young cohort of adults and may yield clinically relevant differences in cardiovascular health over the life

course.

blood pressure; colorism; instrumental variable analysis; racial discrimination

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; Cl, confidence interval; IV, instrumental variable;
LATE, local average treatment effect; OLS, ordinary least squares; SES, socioeconomic status.

Substantial inequities in elevated blood pressure have
been documented among marginalized racial groups in
the United States. Approximately 57% of non-Hispanic
Black adults have elevated resting blood pressure or are
on antihypertensive medication, compared with 44% of
non-Hispanic White adults (1). Several factors, including
experiences of racial discrimination, have been examined
as potential contributors to racial inequities in elevated
blood pressure and hypertension status (2—4). However,
the association between racial discrimination and elevated
blood pressure or hypertension remains inconclusive (2).
A recent meta-analysis found no relationship between
combined measures of perceived racial discrimination and
resting blood pressure; however, racial discrimination was
associated with hypertension (4). Findings also suggested
that experiences of racial discrimination occurring in

institutional settings (e.g., housing) had strong positive
associations with resting blood pressure.

Differences in the results of previous studies may reflect
bias due to residual or unmeasured confounding, as well
as measurement error. For example, suppressed reactions to
racial discrimination could be associated with underreport-
ing of experiences of discrimination and could be associated
with elevated blood pressure (5) and, if unaccounted for
in the analysis, bias the estimate obtained. Measurement
error may also result in bias, especially in traditional ordi-
nary least-squares (OLS) regression. In OLS models, both
classical, nondifferential measurement error in the exposure
(i.e., where errors in the measurement of discrimination
are independent of blood pressure) and differential mea-
surement error in the exposure (e.g., greater error in the
measurement of discrimination among persons with high or
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low blood pressure) may bias estimates to varying degrees
and directions (6).

Additionally, heterogeneity in the associations between
racial discrimination and blood pressure outcomes suggests
differences in experiences and impact of discrimination (7,
8). Evidence suggests that the association between racial
discrimination and hypertension is more robust for men
than for women (4). Differences in the reporting of racial
discrimination by socioeconomic status (SES) have also
been explored, though less is known (3). Some studies have
shown positive associations between years of education and
reported racism (9). In contrast, others have found nuanced
experiences depending on the setting (10). Variations in
the associations of stressors associated with SES on rela-
tionships between racial discrimination and elevated blood
pressure have been documented (5, 8, 11). However, findings
as to which populations are most impacted are not consistent.
Researchers have called for further examination to under-
stand the relationships between SES and self-reported racial
discrimination pertaining to health outcomes (3).

We employed instrumental variable (IV) analysis to min-
imize the impacts of classical, nondifferential measurement
error in the exposure and unmeasured confounding in assess-
ing the relationship between racial discrimination in insti-
tutional settings and blood pressure. Our study attempted
to instrument self-reported experiences of racial discrim-
ination using reflectance measures of skin color. These
self-reports may be subject to unmeasured confounding by
individual-level factors such as reactions to stress, which
may affect both reports of inequitable treatment and blood
pressure. Experiences of discrimination may also be subject
to nondifferential measurement error, which IV analyses
attempt to correct, mainly if assessed continuously (12,
13). Previous authors have discussed how other forms of
measurement error (e.g., differential) and exposure oper-
ationalization (e.g., dichotomization) may result in biased
estimates from IV models (12, 14). Most importantly, IV
analysis enables us to estimate the local average treatment
effect (LATE)—a causal estimate of the effect of racial
discrimination on blood pressure among those impacted
by skin color, rather than an estimate that applies to the
general population of individuals in a sample that includes
persons who experience both advantage and disadvantage,
capturing the relational nature of racism as a system (15).
Under a specific set of assumptions (detailed in the Methods
section), IV analysis allows for the estimation of unbiased
effects of the exposure on the outcome even when there is
measurement error in the exposure or unmeasured exposure-
outcome confounding (16).

Reflectance meter measurement of skin color is proposed
as an instrument because it captures one aspect through
which racism, specifically discrimination, functions. Indi-
viduals often ascribe race and assign value using social
and societal contexts and phenotypic characteristics (e.g.,
skin color, hair, physical features) before knowing how an
individual self-identifies (17, 18). While skin color may
inform racial/ethnic group classification, it operates dis-
tinctly from race/ethnicity and speaks to related issues of
colorism (19). Colorism is often defined as privilege con-
ferred upon persons with lighter complexions, creating a

hierarchy wherein those with lighter skin color often have
increased social and economic advantage (19-21). Such
color hierarchy contributes to individuals with darker skin
color often enduring greater material deprivation and social
and economic impacts in comparison with lighter-skinned
individuals across and within racial categorizations (19).

We hypothesized that increased experiences of racial dis-
crimination are associated with elevated blood pressure and
a greater probability of hypertension. We also investigated
whether there is evidence of effect modification by sex,
income, and educational attainment.

METHODS
Data

We used publicly available data from the Coronary Artery
Risk Development in Young Adults (CARDIA) Study.
CARDIA is a prospective cohort study of 5,115 Black
and White adults who were aged 18-30 years at baseline
data collection (1985-1986). CARDIA’s cohort recruitment
strategy and study design have been summarized in further
detail elsewhere (22). The CARDIA Study was established
to examine risk factors for cardiovascular disease, with
participants recruited from 4 centers across the United States
(Birmingham, Alabama; Oakland, California; Chicago,
[llinois; and Minneapolis, Minnesota) (22). Sampling was
stratified to obtain an equal representation of individuals
in each race (Black, White), age (18-30 years), sex (male,
female), and education (<12 years of education, >12 years
of education) group, with 51% of eligible contacted persons
enrolling in the baseline survey.

Our primary analysis used data from CARDIA examina-
tion 4 (year 7 (1992-1993); n = 4,085), given that this was
the year skin color was measured in cohort participants. This
study was considered exempt from review by the Harvard
T.H. Chan School of Public Health Institutional Review
Board.

Measures

Exposure. The exposure of interest was the experience
of racial discrimination in institutional settings, measured
using a scale developed by Krieger (5, 23). Participants
responded to questions on whether they had “ever experi-
enced discrimination, been prevented from doing something,
or been hassled or made to feel inferior in any of the follow-
ing 7 situations” because of their race or color: at school;
getting a job; at work; getting housing; getting medical care;
from the police or in the courts; on the street or in a public
setting. Responses were assessed as counts of experiences
ranging from O to 7.

Primary and secondary outcomes. Our primary outcome
was blood pressure in examination 4. Systolic and diastolic
blood pressure were captured with a random-zero sphygmo-
manometer by trained technicians. Per CARDIA protocol, 3
measures were taken at 1-minute intervals, with the average
of the last 2 measures reported (24). Secondary outcomes
included hypertension classification and changes in blood

Am J Epidemiol. 2023;192(12):1971-1980

¥20z Aenuer 6z uo 1senb Aq £2G81.Z//LL61/21/Z6 ) /e1e/ele/woo dno-ojwepeoe//:sdiy wolj papeojumoq



IV Analysis of Racial Discrimination and Blood Pressure 1973

pressure over time. Participants were categorized as having a
diagnosis of hypertension (yes/no) following the American
College of Cardiology/American Heart Association guide-
lines, which define hypertension as systolic blood pressure
>130 mm Hg or diastolic blood pressure >80 mm Hg (25) or
self-reported use of medication for hypertension. Addition-
ally, we assessed change in blood pressure (in continuous
mm Hg) from examination 4 to examination 5 (year 10
(1995-1996); n = 3,466).

IV estimation. 'We employed an IV analysis using a 2-stage
least-squares linear model to estimate the LATE of racial
discrimination on blood pressure.

The key assumptions of IV analysis include 1) relevance
(i.e., the instrument (reflectance meter measure of skin
color) is associated with the exposure (racial discrimina-
tion)); 2) the exclusion restriction (i.e., the instrument is
only associated with the outcome through the exposure);
and 3) marginal exchangeability, or that the instrument
and the outcome have no shared causes after accounting
for measured confounders (26, 27). A fourth assumption—
homogeneity or monotonicity—is required to interpret the
point estimate identified (26). There are several versions of
the homogeneity assumption (27). Under each version, the
estimate obtained from IV analysis is equal to the average
treatment effect. Monotonicity is a more relaxed version of
this assumption, requiring that the instrument only affects
the exposure (discrimination) unidirectionally for everyone
(26). However, if monotonicity is assumed, the estimated
parameter identified is the average treatment effect among
the compliers (or the LATE). We used the more relaxed
assumption of monotonicity.

Our IV was objectively measured skin color. Assessments
were taken on the inner upper arm, using blue, amber, and
green filters (24). Values ranged from 0 to 100, referring to
the percentage of reflected light. Low values indicate low
reflectance, which is indicative of darker skin (24). We used
measurements from the blue filter, as it yields the strongest
instrument (i.e., highest F statistic), although the 3 filters are
highly correlated (11, 28). We assessed instrument relevance
using an F test on the relationship between skin color and
racial discrimination, using an F statistic greater than 10 as
the cutoff (29). We also performed the Wu-Hausman test,
which compares the OLS estimate with the IV estimate (30).
The null hypothesis is that both the OLS and IV estimates are
consistent, and given that the OLS is more efficient, the OLS
estimate should be used (31).

Covariates. In OLS regressions, we included variables
identified in previous literature as confounders between self-
reported racial discrimination and measures of health, such
as blood pressure: age (years; assessed continuously), sex
(male, female), and marital status (married, never married,
widowed/divorced/separated/other) (3, 32, 33).

Statistical analysis and models

Analyses were conducted to examine the association
between racial discrimination and blood pressure using
our instrument, skin color reflectance. The hypothesized
relationships are depicted in Figure 1, a directed acyclic
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graph adapted from those presented by Howe et al. (34).
It shows the relationship and measures in the context of
historical and contemporary structural and institutional
racism and how classical measurement error relates to self-
reported racial discrimination experiences.

While the following models are written in the first- and
reduced-stage formats, the 2-stage least-squares approach
was used to estimate the LATE of racial discrimination on
blood pressure, allowing for the estimation of corrected stan-
dard errors (35, 36). IV analysis consists of the “first stage”
and “reduced form” models. The first stage was fitted as

First stage: discrimination = Bo 4+ 1SC + v,

where SC = skin color and v = residual error. This model
regresses the predicted number of self-reported experiences
of racial discrimination on skin color. The associated F
statistic in this stage provides support to the relevance
assumption.

Blood pressure (in continuous mm Hg) was then regressed
on the predicted values of self-reported experiences of racial
discrimination in the reduced-form model, fitted as

Reduced form: BP = B¢ + B discrimination + e,

—

where BP = blood pressure measures, discrimination =
the predicted values of self-reported experiences of dis-
crimination from the first stage, and e = residual error. £
yields the IV estimator of the effect of an increase in racial
discrimination on blood pressure.

We also performed an OLS regression analysis to estimate
the association between discrimination and blood pressure,
adjusting for the covariates listed in the section above. The
fully adjusted model was fitted as

BP = B¢ + B discrimination + B.covariates + ¢.

The analytical sample was restricted to participants with data
on experiences of racial discrimination, skin color, and blood
pressure measures, resulting in 3,876 eligible participants.
Imputation of missing covariates was conducted using the
built-in multivariate imputation by chained equations tech-
nique available in the “mice” package in R (R Foundation
for Statistical Computing, Vienna, Austria) (37). A total of
144 observations were missing some combination of covari-
ate variables (3.72% of the analytical sample), with the
greatest proportion missing data on income (1.37% missing)
and educational attainment (1.41% missing), though these
were the only two variables to exceed missingness of 1%.
Imputations were conducted over 5 iterations, using pro-
portional odds models for ordinal categorical variables (i.e.,
income, educational attainment) and polytomous logistic
regression for nominal categorical variables (i.e., marital
status). Missing data for binary categorical variables were
imputed using logistic regression (i.e., use of high—blood
pressure medication (yes/no), alcohol drinking over the past
year (yes/no)), while missing data for numerical variables
were imputed using predictive mean modeling (i.e., waist
circumference). Imputed data were used for all analyses.
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Figure 1. Directed acyclic graph adapted from Howe et al. (34) showing the implemented instrumental variable analysis in relation to historical
and contemporary forms of structural and institutional racism and their byproducts (e.g., adverse conditions). We illustrate classical measurement
error with “error in measurement of reported experiences” going into the experiences reported by individuals.

Secondarily, we examined effect modification of blood
pressure outcomes by sex, education, and income by mod-
eling an interaction term in OLS models and stratifying by
each variable in the IV analyses. IV models were used to
examine secondary outcomes (i.e., the linear probability of
meeting the criteria for hypertension during examination 4
and the LATE between discrimination on change in blood
pressure from examination 4 (year 7) to examination 5 (year
10)).

All statistical analyses were conducted using R statisti-
cal software (38). The 2-stage least-squares approach was
implemented using the “AER” package in R (35, 36).

RESULTS
Primary analyses

Sample characteristics are summarized in Table 1. During
CARDIA examination 4, the average age of the sample was
32 years, ranging from 25 years to 37 years. Approximately
48% of the sample identified as Black, and 55% were
women. Overall, the mean value of discrimination scores
was 1.6 (range, 0-7), though approximately 46% of the
sample reported no experiences of discrimination, and 80%
of respondents reported 3 or fewer experiences. Average
reports of racial discrimination were higher among Black
participants (2.81) than among White participants (0.50).

Average diastolic and systolic blood pressures were 69 mm
Hg and 109 mm Hg, respectively. Differences between Black
and White respondents’ systolic and diastolic blood pres-
sures were present (P < 0.001).

Results from the Wu-Hausman tests rejected the null
hypothesis of the OLS and IV models’ being consistent,
indicating a benefit in the use of IV analysis (H = 45.46
(P < 0.001) and H = 96.29 (P < 0.001) for diastolic and
systolic pressure, respectively) (39). Table 2 presents the
results from the instrumental and OLS models that examined
the relationship between racial discrimination and blood
pressure. Using the F statistic and results from the test of
weak instruments to evaluate the relevance assumption, we
found that the reflectance meter measure of skin color had
a strong association with racial discrimination scores (F =
1,472.95, P < 0.001; R? = 0.28), where lighter skin color
(greater reflectance) is associated with fewer reports of racial
discrimination. However, this was not observed when results
were stratified by race (F = 1.03 (P =0.31) and F = 0.183
(P = 0.67) for Black and White respondents, respectively).
IV estimates suggested that each 1.0-unit increase in reports
of racial discrimination was associated with a 1.31-mm
Hg (95% confidence interval (CI): 1.00, 1.62) increase in
diastolic blood pressure. Similarly, the IV estimate showed
that increases in racial discrimination were associated with
a 2.23-mm Hg (95% CI: 1.85, 2.61) increase in systolic
blood pressure. Table 2 also presents the unadjusted and

Am J Epidemiol. 2023;192(12):1971-1980

¥20z Aenuer 6z uo 1senb Aq £2G81.Z//LL61/21/Z6 ) /e1e/ele/woo dno-ojwepeoe//:sdiy wolj papeojumoq



IV Analysis of Racial Discrimination and Blood Pressure 1975

Table 1. Characteristics of a Sample of Participants From CARDIA Study Examination 4 (1992-1993), Overall and by Race/Ethnicity
Race/Ethnicity
Characteristic Overall (n = 3,876) Black (n = 1,865) White (n = 2,011)
Mean (SD) No. % Mean (SD) No. % Mean (SD) No. %
Age, years 32.0 (3.6) 315 (3.7) 32.5(3.3)
Diastolic BP 69.4 (10.2) 71.0 (10.9) 679 (9.3)
Systolic BP 108.8 (12.4) 111.3 (13.2) 106.4 (11.1)
Waist circumference, cm 84.0 (14.1) 85.8 (14.7) 82.2 (13.3)
Discrimination score? 1.6 (2.0) 2.8(2.2) 0.5 (0.9)
Skin reflectance® 20.6 (11.0) 10.6 (4.5) 30.4 (5.2)
Sex
Female 2,114 54.5 1,071 574 1,043 51.9
Male 1,762 45.5 794 42.6 968 48.1
Duration of education, years
<12 1,990 51.3 1,228 65.8 762 379
>12 1,886 48.7 637 34.2 1,249 62.1
Annual income, dollars
<24,999 1,300 33.5 851 45.6 449 22.3
25,000-49,999 1,417 36.6 678 36.4 739 36.7
>50,000 1,159 29.9 336 18.0 823 40.9
Marital status
Married 1,698 43.8 650 34.9 1,048 52.1
Never married 1,600 413 838 44.9 762 379
Widowed/separated/divorced/ 578 14.9 377 20.2 201 10.0
other
Hypertension
No 3,234 83.4 1,453 779 1,781 88.6
Yes 642 16.6 412 221 230 1.4
Use of medication for BP
No 3,803 98.1 1,813 972 1,990 99.0
Yes 73 19 52 2.8 21 1.0
Ever use of tobacco
No 1,596 41.2 858 46.0 738 36.7
Yes 2,280 58.8 1,007 54.0 1,273 63.3
Alcohol intake in past year
No 693 17.9 455 24.4 238 11.8
Yes 3,183 82.1 1,410 75.6 1,773 88.2

Abbreviations: BP, blood pressure; CARDIA, Coronary Artery Risk Development in Young Adults; SD, standard deviation.

@ Reported experiences of racial discrimination in institutional settings, measured using a scale developed by Krieger (5, 23). Participants
responded to questions on whether they had “ever experienced discrimination, been prevented from doing something, or been hassled or made
to feel inferior in any of the following 7 situations” because of their race or color: at school; getting a job; at work; getting housing; getting medical
care; from the police or in the courts; on the street or in a public setting. Responses were assessed as counts of experiences ranging from 0 to 7.

b Skin color was objectively measured on the inner upper arm. Values ranged from 0 to 100, referring to the percentage of reflected light.
Low values indicate low reflectance, which is indicative of darker skin (24).

adjusted OLS estimates for the effect of racial discrimina-
tion on blood pressure, respectively. Fully adjusted models
suggested an increase in both diastolic and systolic blood
pressure for each 1.0-unit increase in reported racial discrim-
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ination (B = 0.40 (95% CI: 0.25, 0.56) and p = 0.57 (95%
CI: 0.38, 0.75), respectively). Expanded results showing the
associations for included covariates are presented in Web
Table 1 (available at https://doi.org/10.1093/aje/kwad150).
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Table 2. Results From Instrumental Variable and Ordinary Least-Squares Models Examining the Relationship Between Racial Discrimination and Blood Pressure Among CARDIA Study

Examination 4 (1992-1993) Participants

Model

OLS Regression for Discrimination and BP

IV Analysis

Unadjusted Adjusted
v Constant oLS Constant oLsP

Constant

First Stage?®

Measure

B 95%Cl

95% ClI

Intercept for
Adjusted
OLS Model

B 95% ClI

Unadjusted 95% Cl

Intercept for
OLS Model

B 95%Cl

Intercept for o
IV Model 257 C!

F Statistic

95% ClI

B

—0.10, 1,472.95°

—0.09

—0.10°

Total BP

0.25,
0.56
0.38,
0.75

51.35, 0.40°

57.33
93.87,

100.96

54.34¢

0.42°¢ 0.26,
0.58
0.48,
0.87

68.29,
69.12

68.70°¢

00,

66.68, 1.31° 1.

67.87
104.43,

67.27°

Diastolic BP

1.62

1.

0.57°¢

97.41°

107.67° 10717, 0.67°
108.17

85,

2.23¢

105.16°¢

Systolic BP

2.61

105.89

Abbreviations: BP, blood pressure; CARDIA, Coronary Artery Risk Development in Young Adults; Cl, confidence interval; 1V, instrumental variable; OLS, ordinary least squares.

@ Unadjusted OLS regression assessing whether the instrument (skin color reflectance) was associated with the exposure (racial discrimination).

b Adjusted for marital status, sex, and age at examination 4.

¢ P < 0.001.

Secondary analyses

Detailed interpretations of the findings are reported in the
Web Appendix. Interactions between discrimination and sex
were observed for diastolic blood pressure (P = 0.006; Web
Table 2) but not for systolic blood pressure (P = 0.535),
while interactions between discrimination and income (Web
Table 3) were present for both systolic (P < 0.001) and
diastolic (P < 0.001) blood pressure. Stratified results were
not reported for interactions between discrimination and
education, as associations were not observed for either sys-
tolic or diastolic blood pressure (P = 0.768 and P = 0.050,
respectively).

Analyses of the probability of having hypertension and
the change in blood pressure from examination 4 to exami-
nation 5 are presented in Web Tables 4 and 5, respectively.
The IV estimate suggested that increases in experiences of
racial discrimination were associated with an increase in the
probability of having hypertension and increases in diastolic
and systolic blood pressure over the 2 examination periods.
Additional details regarding these secondary findings are
presented in the Web Appendix.

DISCUSSION

Our estimates showed increases in blood pressure out-
comes due to self-reported racial discrimination among a
relatively young cohort of adults. Over time, these increases
in blood pressure may yield clinically relevant differences in
cardiovascular health over the life course, particularly esti-
mates of the LATE. Our findings are consistent with studies
that have observed associations between racial discrimina-
tion and blood pressure or hypertension outcomes (2, 3, 40),
specifically among those that have used measures of racial
discrimination within institutional settings (4). Prior work
has found evidence of nonlinear relationships between racial
discrimination and blood pressure, particularly in relation
to systolic blood pressure (41, 42), where persons reporting
no racial discrimination and higher levels of discrimination
had increased systolic blood pressure. Inspection of plots
of the residuals and fitted values from OLS models did not
reveal that this linearity assumption had been violated in our
analyses. As such, our use of 2-stage least-squares regression
yielded consistent estimates of the LATE among individ-
uals whose report of racial discrimination was impacted
by changes in reflectance meter measurement of skin color
(i.e., compliers), and this is the population we extend our
findings to.

Findings of effect modification by sex and household
income require further exploration. Previous work has sug-
gested differences in the reporting of racial discrimination
among Black men and women, though not consistently (8,
33). Research has documented differences in the reporting
of discrimination solely by domain, though not frequency
(9, 33). One found that Black men were more likely to
experience racial discrimination in encounters with police,
whereas Black women encountered racial discrimination
frequently in the educational domain (9). It may also be
that the domains in which Black women are at risk may
be unmeasured or underexplored (e.g., autonomy, sexuality)

Am J Epidemiol. 2023;192(12):1971-1980

¥20z Aenuer 6z uo 1senb Aq £2G81.Z//LL61/21/Z6 ) /e1e/ele/woo dno-ojwepeoe//:sdiy wolj papeojumoq



IV Analysis of Racial Discrimination and Blood Pressure 1977

(9). These differences reflect gender-based, not sex-based,
differences in the experience of racial discrimination.

Regarding SES, studies have found adverse impacts of
discrimination on health outcomes among individuals in
high- and low-SES groups, depending on the measure used
(8). Some research has found that reports of racial discrimi-
nation in institutional settings increased with higher educa-
tion (43, 44) and income (45) among Black adults. It may
be that higher-SES Black adults may have more exposure to
overt and covert discrimination in housing (e.g., residential
steering) and occupational settings (e.g., inequitable pay
for similar levels of training and education), for exam-
ple (46, 47). Several studies have highlighted diminish-
ing returns in health typically associated with increases in
socioeconomic position (e.g., greater income, better health
outcomes) among Black people relative to Whites (48—
50). For example, one found greater Black-White inequities
in self-rated health among individuals at higher levels of
education (50). Studies have also documented adverse out-
comes due to discrimination among low-SES individuals
(8). Further research is needed to understand the mecha-
nisms through which harmful social exposures (i.e., gen-
dered racism, SES-based racism) become embodied and
the mechanisms in which sex, gender, and SES modify the
adverse impacts of racial discrimination on health.

The principal strength of our study is that it used IV
analysis to account for measurement error in the exposure,
specifically classical measurement error. Prior investigators
have found or discussed how estimates from IV analyses are
unbiased despite classical measurement error in continuous
exposure variables, unlike traditional OLS models (12, 14).
Another strength was the use of reflectance-measured skin
color as an instrument and the inclusion of populations
who experienced undue advantage and undue disadvantage
(15). Beyond its relevance to experiences of racial dis-
crimination, our instrument provides some insight into how
colorism operates for darker-skinned individuals in addition
to discrimination. Illustrated in the first stage, we found
that lighter-skinned individuals (higher reflectance) reported
fewer experiences of discrimination. This is evident in prior
research that used self-reported measures of skin color, such
as work that found darker-skinned Black adults were 11
times as likely as lighter-skinned Black adults to report
frequent experiences of racial discrimination (51) and work
which found that White people reported fewer experiences
across skin tone relative to Black and Latinx people (52).
While some White people report experiences of racial dis-
crimination due to their race (e.g., “reverse discrimination”)
as a result of being denied entry into colleges or jobs,
such complaints may reflect an aspect of threatened White
privilege (53, 54). Though discrimination is also reported
by White people, research has found that discrimination
has different implications for Black people. For example,
work by Coleman et al. (55) found that Black individuals
who reported discrimination at work also showed evidence
of experiencing wage discrimination, though this was not
observed among White persons who reported discrimina-
tion at work. Our analysis included both Black and White
individuals to encompass the relational nature of racism
as a system. In this context, we captured both the undue
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disadvantage Black people experience due to racial discrim-
ination and the simultaneous undue advantage encountered
by White people (15, 53, 56). Our findings also align with
literature that highlights colorism as a global phenomenon
across racial group categorizations (15, 19, 53, 56).

Our findings should also be interpreted in the context
of their limitations. We used older data from the CARDIA
Study due to the availability of skin color measures and
the limited methodology available for conducting longitu-
dinal IV analyses. Investigators in recent assessments of
self-reported skin color and discrimination (20), as well as
discrimination and blood pressure, have observed similar
associations (18, 57). Additionally, our study was under-
powered to examine race-stratified analyses in the present
analysis. Replication of these findings in a larger sample
would be useful in understanding racial differences in the
impact of additional experiences of racial discrimination in
institutional settings on blood pressure. With IV analyses, 2
of the 3 assumptions cannot be confirmed, though we made
efforts to evaluate the strength of our instrument using an
assessment for weak instruments and the Wu-Hausman test.
Additionally, our IV estimates were larger than the OLS
estimates. This may have occurred because our IV reduced
measurement error in the assessment of discrimination. It
is also possible that the discrepancy is due to the IV’s
estimating the LATE (e.g., the IV estimate is the effect of
exposure only for the population affected by the instrument),
whereas OLS estimates the average treatment effect across
the entire population.

The validity of our instrument hinges on meeting the
exclusion restriction assumption—that there is no pathway
by which skin color (as measured by reflectance) influ-
ences blood pressure other than through experiences of
discrimination within institutions that may be interpersonal
or institutional. We cannot reject the plausibility of this
assumption’s being violated. It has been proposed that skin
color may indirectly affect blood pressure through varia-
tions in vitamin D levels. While differences in vitamin D
levels have been documented by skin color (58, 59), neither
evidence from a meta-analysis of randomized clinical trials
and cohort studies (60) nor a meta-analysis of Mendelian-
randomized IV studies (61) found evidence of improved
blood pressure outcomes through vitamin D supplementa-
tion. Speculation about potential genetic markers associated
with skin color and blood pressure has been raised. Evidence
to date does not suggest that a unique gene exists that indi-
cates a unique pathophysiology of hypertension or elevated
blood pressure among Black people (62). Relatedly, work by
Kizer (63) highlighted considerable variation in skin tone
among siblings within the same family. It has also been
proposed that skin color may be related to geographic or
cultural differences in practices (e.g., diet or other health
behaviors) that are linked to blood pressure. Testing these
alternative explanations will require study samples with
broader geographic representation than CARDIA and evalu-
ating whether correlations exist between geography and skin
color and between specific geographic/cultural factors and
blood pressure. However, 2 major national studies of skin
color among African Americans in the United States (the
National Study of Black Americans and the National Study
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of American Life) showed no strong evidence of patterning
in skin color variation by geography (64, 65).

Our finding that skin color does not predict self-reported
discrimination within racial groups meant that we could not
perform race-stratified IV analysis. In turn, conducting IV
analysis on the whole sample leaves open the possibility
that our instrument is correlated with other processes besides
self-reported interpersonal discrimination—by which struc-
tural racism harms Black individuals. That is, our instru-
ment could not circumvent confounding of the association
between self-reported discrimination and blood pressure,
although it was still useful for measurement error correction
(see Figure 1). It is plausible that other levels of racism, such
as structural racism, may have unique pathways through
which they affect blood pressure that are not the result of
self-reported discrimination at interpersonal or institutional
levels or through adverse conditions as conceptualized in
our adapted directed acyclic graph. Databases with measures
of structural racism, self-reported racial discrimination, skin
reflectance, and blood pressure outcomes will be useful
in assessing these relationships. Specifically, researchers in
future studies should consider how to best operationalize
the complex, interinstitutional mechanisms through which
structural racism operates, as suggested by several schol-
ars (66—68), to account for potential biasing impacts of
structural racism on the present analysis. Future research
may also identify other instruments that are not affected
by possible confounding of structural racism yet remain
relevant to experiences of discrimination within institutional
settings. If possible, future studies may also identify out-
comes that are not affected by racial discrimination but
are subject to being affected by violations of the exclusion
restriction (26). To support our instrument, we conducted
an overidentification test and assessed skin reflectance as
a categorical variable using the Sargan test (373 degrees of
freedom; J statistic = 416.634; P = 0.059). The null hypoth-
esis of this test is that the instruments are exogenous (i.e.,
uncorrelated with the error terms). Results from this analysis
failed to reject the null, suggesting that our instrument is
exogenous.

Last, our stratified IV results on racial discrimination,
education, and household income may present biased esti-
mates. Household income and education are downstream, or
consequences, of exposure to racial discrimination. By con-
ditioning on these variables, we violated the third assump-
tion of marginal exchangeability as a result of unmeasured
confounders biasing this pathway (69). Therefore, though
the OLS estimates indicate a stepwise increase in blood
pressure by household income due to racial discrimination,
that pattern of associations is obscured in the IV analysis.
In our IV, this approach likely yielded biased estimates,
given that there are adverse relationships between racial
discrimination and measures of SES and, generally, positive
relationships between SES measures and blood pressure.
However, implementing causal mediation with IV (70) or
other mediation approaches (71) and assessing exposure-
mediator effect modification would help clarify the direction
and magnitude of bias.

While our results must be interpreted with consideration
of the assumptions of IV analysis, we demonstrate that IV

may be helpful or applicable in discrimination research. Our
results lend weight to the reliability of self-reported experi-
ences of discrimination in assessing the harmful effects of
racial discrimination on well-being. This work contributes
to a body of literature demonstrating the adverse impacts
of experiences of racial discrimination within institutional
settings on health. It suggests that continued societal inter-
ventions are needed—particularly to mitigate inequitable
treatment and potentially reduce inequities in blood pres-
sure and hypertension outcomes. The inability to access
or maneuver freely within institutions without experienc-
ing discrimination remains a barrier to achieving racial
health equity. Mutual aid and movement-building have been
consistent practices for navigating the inability to access
resources related to social, economic, and general well-
being (72-74). However, these must be met with policy and
context/community-specific interventions and institutional
changes that center on racial equity.
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