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Abstract: Objective: We conducted a phenotype-wide association study
(PheWAS) to compare diagnoses among Blacks with those of Whites in one
health center in Tennessee using data from 1,883,369 patients.

Methods: We used our deidentified EHR, the Synthetic Derivative, to assess risk of
diagnoses associated with Black as compared with White race using Firth logistic
regression with covariates including age, sex, and density of clinical encounters.

Results: There were anchoring associations in both directions, including the
highest increased risk for Blacks of having sickle cell anemia, and strongest
decreased risk of basal cell carcinoma. Results included established areas of
disparity and many novel associations.

Conclusions: PheWAS is a viable tool for calculating risk associated with any
biomarker. The current analysis provide a new approach to generating
hypotheses and understanding the breadth of health disparities. Future analyses
will further explore causality, risk factors, and potential confounders not
accounted for here.
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INTRODUCTION

ealth and healthcare disparities, and their myriad
influences on the wellbeing of individuals in
Haffected groups, are a major focus of initiatives in

the United States. The National Institute on Minority
Health and Health Disparities designated health disparity
populations include “racial/ethnic minorities, socioeco-
nomically disadvantaged populations, underserved rural
populations, and sexual and gender minorities.”1 Health
disparities are complex, and we know in particular that
racial health disparities are multifactorial and that the
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‘variable’ of race is often correlated with other factors
(e.g., socioeconomic level, experience of discrimination,
habits, health system interactions), each of which can
independently and interdependently influence health.

Thoughtful design of strategies to mitigate the unto-
ward effects of disparities requires a sound understanding
of both the scope and magnitude of health disparities
affecting a group. The phenome-wide association study
(PheWAS) provides a powerful and validated methodol-
ogy for visualizing the effect of an exposure on the relative
risk of all diagnoses documented in the electronic health
record (EHR).2,3 While most commonly used to explore
effects of genetic variation, PheWAS is readily adaptable
to explore effects of other exposures such as race.

To aid in estimating the breadth of racial health dis-
parities, we conducted a PheWAS to compare diagnoses
among Blacks with those of Whites at one health center in
Tennessee. The analysis was not undertaken to ignore the
importance of other factors. Rather, it was intended to
assess variance in disease risk holistically, across many
diseases, to: 1) visualize and obtain insight into the overall
phenome-wide burden, 2) evaluate concordance between
individual disease risk in the PheWAS analysis compared
to established disparity to demonstrate utility; and 3)
identify disparities among rarer diseases that might be
overlooked in public health literature.

MATERIALS AND METHODS
We extracted diagnoses for all individuals with docu-
mented White or Black race from our Derivative (SD), a
deidentified version of the entire EHR at our medical
center.4 Our EHR currently includes more than 3 million
patients of all ages; the current study extracted data from
1990 to 2019. We employed PheWAS to analyze vari-
ability in risk of all documented diagnoses associated with
Black as compared with White race using demographic
data from the SD (99% accuracy compared to genetic
ancestry5). International Classification of Diseases, Ninth
Revision (ICD-9) and ICD-10-CM codes were converted
to phenotype codes (phecodes).6,7 For each phecode, a
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PHENOME-WIDE EFFECTS OF RACE ON DISEASE
case was defined as having a minimum of two phecodes on
different dates; controls were those having no related
phecodes as is standard. Firth logistic regression was
performed using R with covariates including age, sex, and
the number of ages with a clinical encounter recorded. We
report associations using the Bonferroni corrected p value
of 2.7 � 10�5 (minimum detectable bound
p ¼ 5 � 10�324). For comparisons with the published
literature, we extracted published odds ratios (OR) or
calculated relative risk comparing Blacks and Whites.

RESULTS AND DISCUSSION
Figure 1 illustrates the phenome wide results, including
phenotypes with increased (top section) or decreased risk
(bottom section) among Blacks as compared with Whites,
representing a diverse range of disease types and affected
organ systems. A dynamic version of the PheWAS results,
with hover-over labels for all phenotypes, is available
online at https://prod.tbilab.org/phewas_race.

Dataset characteristics and anchoring

Our analysis included 1,883,369 patients, including
269,872 Blacks and 1,613,497 Whites. Mean age at last
Figure 1. Manhattan plot of PheWAS results comparing phenotype risk betwee
phenotypes with increased or decreased odds among Blacks as compared w
p < 2.7 � 10�5.
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encounter was 37.8 years (range 0-90 years). Approxi-
mately 52.8% (n ¼ 994,930) were females and 47.2%
(n ¼ 888,439) were males. We found anchoring associa-
tions as the absolute strongest OR in both directions in the
data, including the highest increased risk for Blacks of
sickle cell anemia8 (OR 94.7; 95% CI 79.14, 114.51; p< 5
x 10e324), and strongest decreased risk of basal cell car-
cinoma9 (OR 0.009; 95% CI 0.005, 0.01; p < 5 x 10e324).
Agreement with previous research estimating risk
magnitude was also apparent (Table 1). Notably, almost all
pregnancy complicationswere higher risk in Blackwomen
whereas many congenital anomalies carried higher risk in
Whites. There were some apparent areas of discordance.
For example, the risk of low birth weight among Blacks
was lower in our data (OR 1.30; 95%CI 1.25, 1.35; p< 5 x
10e324) as compared with the literature, while the odds of
end stage renal disease was greater (OR 5.2; 95% CI 4.9-
5.4; p < 5 x 10e324). Further, though the odds of diabetes
or cerebrovascular disease were similar between our re-
sults and the literature, the odds of downstream sequelae
including diabetic retinopathy and end stage renal disease
were larger among Blacks in our data than estimates re-
ported elsewhere.
n Blacks and Whites. The plot illustrates represents log odds ratio for
ith Whites; significance is set at the Bonferroni-corrected threshold of
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Table 1. Odd ratios (ORs) of selected diagnoses among blacks compared with whites.

Phecode description PheWAS OR

Relative risk
estimate from
the literature Source, relative risk data

Morbid obesity 1.9 2.0 Sturm and Hattori, 201315

Preeclampsia and eclampsia 2.2 1.6 Fingar et al., 201716

Hypertension 2.2 1.4 Office of Minority Health17

Diabetes 1.7 1.6 Office of Minority Health18

Systemic lupus erythematosus 1.8 3a CDC19

Senile dementia 3.0 2.6 Chen and Zissimopoulos, 201820

Cerebrovascular disease 1.5 1.5 Office of Minority Health21

Low birth weighta 1.3 2.4 Ratnasiri et al., 201822

End stage renal disease 5.2 3.5 Office of Minority Health18

Diabetic retinopathy 2.7 1.6 Zhang et al., 201023

aThis OR estimate is based on comparison of risk among women, consistent with the predominance of this disease among females.

PHENOME-WIDE EFFECTS OF RACE ON DISEASE
Greatest risk among Blacks across the
phenome

The disease categories with the greatest racial disparity (as
indicated by the highest ORs) include HIV, end stage renal
disease, hypertension, uterine fibroids, diabetes, sarcoid-
osis, asthma, atherosclerosis, and glaucoma (Tables 1 and
2). PheWAS recapitulated widely established areas of
disparity, but also identified several diseases for which
significant disparities do not appear to be as well studied or
understood.

The neoplasm category of phecodes showed the
lowest relative volume of phenotypes among Blacks,
with seven phenotypes with higher risk among Blacks
and 89 neoplasm-related phenotypes with higher risk
among Whites. High risk disease categories with the
largest number of patients (shown by the size of the
circle in Figure 1) generally conform to known preva-
lence among Blacks (although PheWAS represents
health system data, not the general public) include those
in Table 2. In addition, the risk of readily remediable
high health disparity conditions, such as vitamin D
deficiency (OR 1.54; 95% CI 1.49, 1.58; p < 5 x
10e324, remains apparent.

Other less well reported phenotypes with sizable
populations included dermatophytosis (OR 2.00; 95% CI
1.89, 2.12; p < 5 x 10e324, iron deficiency anemia (OR
2.61; 95% CI 2.53, 2.71; p < 5 x 10e324), and fever of
unknown origin (OR 1.67; 95% CI 1.64, 1.70; p < 5 x
10e324). While these are likely related to underlying
disease such as diabetes, other immune dysfunction, or
sickle cell, their appearance in the data might be
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reflecting the known ripple effect of disparities; that is,
that individual health disparities are compounded, pro-
ducing new, incremental increases in comorbidities over
time in the Black population.

Immune-related, rare, and mental health
diseases among blacks

Phenotypes carrying risks of immunocompromise, which
may be particularly relevant in times of community out-
breaks of communicable disease, are also notable. In
addition to HIV and type 2 diabetes, we also see increased
risk of various autoimmune diseases conferring risk of
immune compromise due to the disease process and/or
need for immunosuppressing treatment regimens (Table 2).
Less reported in the public health literature than common
diseases, Blacks have an increased risk of many rare dis-
eases (Table 2 and Figure 2). Blacks in this analysis also
have an increased risk of many psychiatric diagnoses
(Table 2).

Utility of PheWAS in assessing relative risk

Using a large disease-agnostic, real world database of di-
agnoses, we applied PheWAS which can calculate risk
associated with any biomarker (here, we used race as the
social construct). The data are credible, recapitulating
known relative risk. Appropriate disease complexity is
reflected (such as, a cluster of pregnancy-related compli-
cations). Long-term consequences of risk factors (e.g.,
cerebral atherosclerosis) are also present in the data (e.g.,
dementia).
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Table 2. Risk of additional anchoring, immune-related, mental health, or rare disease diagnoses among blacks compared with whites.

Category Phecode Phenotype Odds ratio
Confidence

interval P-value

Additional anchoring
diagnoses

071 HIV 5.08 (4.84, 5.32) <5 x 10e324

218.1 Uterine leiomyoma 4.21 (4.03, 4.39) <5 x 10e324

697 Sarcoidosis 3.62 (3.32, 3.95) <5 x 10e324

495 Asthma 2.06 (2.02, 2.10) <5 x 10e324

440 Atherosclerosis 1.40 (1.32, 1.48) <5 x 10e324

365 Glaucoma 2.41 (2.33, 2.50) <5 x 10e324

Immune-related diseases 695.4 Lupus 1.87 (1.75, 2.00) <5 x 10e324

704.11 Alopecia areata 1.66 (1.43, 1,92) <1.56 x 10e10

709.4 Polymyositis 2.55 (2.04, 3.15) <5.66 x 10e15

250.1 Type 1 diabetes 1.30 (1.25, 2.35) <5 x 10e324

242.1 Graves’ disease 1.30 (1.20, 1.41) <7.04 x 10e10

Rare diseases 364.41 Keratoconus 3.34 (2.87, 3.88) <5 x 10e324

731.1 Paget’s disease 4.05 (2.96, 5.48) <1.89 x 10e15

709.4 Polymyositis 2.55 (2.04, 3.15) <5.66 x 10e15

433.32 Moyamoya disease 2.77 (2.11, 3.61) <2.81 x 10e12

204.4 Multiple myeloma 1.40 (1.28, 1.54) <2.02 x 10e12

281.1 Megaloblastic anemia 1.44 (1.30, 1.59) <3.03 x 10e11

270.33 Amyloidosis 1.70 (1.43, 2.00) <3.61 x 10e9

261.41 Rickets 1.78 (1.39, 2.26) <8.53 x 10e6

270.34 Alpha-1-antitrypsin deficiency 0.06 (0.02, 0.14) <5 x 10e324

499 Cystic fibrosis 0.10 (0.07, 0.13) <5 x 10e324

270.12 Phenylketonuria 0.07 (0.02, 0.16) <5 x 10e324

253.5 Pituitary dwarfism 0.15 (0.12, 0.19) <5 x 10e324

386.1 Meniere’s disease 0.32 (0.26, 0.39) <5 x 10e324

530.15 Eosinophilic esophagitis 0.33 (0.28, 0.39) <5 x 10e324

752.11 Spina bifida 0.37 (0.31, 0.43) <5 x 10e324

359.1 Muscular dystrophies 0.41 (0.32, 0.51) <5 x 10e324

270.1 Disturbances of amino-acid transport 0.42 (0.34, 0.53) <5 x 10e324

continued.
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continued.

Category Phecode Phenotype Odds ratio
Confidence

interval P-value

Mental health diseases 295.1 Schizophrenia 2.99 (2.82, 3.17) <5 x 10e324

290.1 Dementias 2.06 (1.95, 2.18) <5 x 10e324

312 Conduct disorders 1.89 (1.81, 1.99) <5 x 10e324

295.3 Psychosis 1.84 (1.72, 1.96) <5 x 10e324

292.6 Hallucinations 1.76 (1.58, 1.96) <5 x 10e324

305.21 Anorexia nervosa 0.08 (0.05, 0.12) <5 x 10e324

300.3 Obsessive-compulsive disorders 0.24 (0.20, 0.28) <5 x 10e324

300 Anxiety disorders 0.59 (0.58, 0.61) <5 x 10e324

313.2 Tics and stuttering 0.49 (0.42, 0.58) <5 x 10e324

301 Personality disorders 0.58 (0.52, 0.65) <5 x 10e324

296.1 Bipolar 0.73 (0.70, 0.77) <5 x 10e324

313.3 Autism 0.74 (0.70, 0.78) <5 x 10e324

296 Mood disorders 0.78 (0.77, 0.80) <5 x 10e324

313 Pervasive developmental disorders 0.86 (0.84, 0.89) <5 x 10e324
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Figure 2. Forest plot of PheWAS results comparing phenotype risk between Blacks and Whites among rare diseases. The plot illustrates represents log odds
ratio for rare disease phenotypes with increased or decreased odds among Blacks as compared with Whites; significance is set at the Bonferroni-corrected
threshold of p < 2.7 � 10�5.

PHENOME-WIDE EFFECTS OF RACE ON DISEASE
The spectrum of risks noted above are concordant with
those inducing increased risk of COVID-19 infection:
hypertension, diabetes, heart disease, asthma, obesity, and
immune compromising conditions are likely playing a
significant role in the increased COVID-19 disease
severity and mortality experienced by Blacks in commu-
nities across the United States. The implications of these
issues are potentially further worsened by delayed or
cancelled health visits among those who cannot access
telehealth formats.

Limitations

All of the limitations of the PheWAS method apply to this
work, and have been described.2 We note several of
particular relevance to the current report. First, these codes
do not separate biologic risk from risks associated with
systematic differences in health system factors such as
utilization or diagnostic biases; for example, the differ-
ences in mental health conditions are also concordant with
previous literature on systemic biases in diagnoses among
Blacks as compared with Whites.10-13

Other important factors also affect health and
healthcare disparities and may lead to selection bias,
including access to care, trust in the health system, and
192 VOL. 113, NO 2, APRIL 2021
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insurance status. For example, we observed many fewer
diagnostic codes indicating neoplasms among Blacks, in
contradiction with the published literature. This
discrepancy is perhaps explained at least in part by in-
surance characteristics; many of our cancer clinics do
not accept Medicaid; further, cancer incidence, as esti-
mated in the current study, and mortality are different
issues. Incorporation of data representing additional key
exposures and outcomes such as these into future
modeling will further inform our discussion of the
breadth and implications of health and healthcare dis-
parities. Despite these limitations, PheWAS represents a
useful complement to existing approaches to visualizing
health disparities, can highlight diseases of particular
relevance to various audiences, and aid in decision
making regarding high priority health disparities
research and other programs.

IMPLICATIONS
As stated, any given disease can have many individual (but
not independent) risk factors such as genetics, socioeco-
nomics, lifestyle, healthcare access, stressors, environ-
mental exposures, and many others. But these factors
converge in the Black population to produce drastically
JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION
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PHENOME-WIDE EFFECTS OF RACE ON DISEASE
poorer health. All of the multifactorial risks that correlate
with race and contribute to poorer health are implicitly
included within the aggregate results described above,
experienced in the real world in their composite by the
individuals whose diagnoses comprise these data. As
health systems charged with maintaining the health of the
public, we need to better understand and recognize the
overwhelming disparity that exists among Black patients,
both a single disease at a time, and in their totality. Indeed,
the preponderance of health risk in Blacks culminates in
variable longevity; Whites live on average 4 years longer
than Blacks.14 Poorer health is an important driver of that
loss of life, with socioeconomic and other factors being
principal underlying components.
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