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Abstract
Background  Racial and ethnic minorities have experienced a disproportionate burden of severe COVID-19. Whether chronic 
stress, also disproportionately experienced by racial and ethnic minorities, explains this excess risk is unknown.
Methods  We identified 9577 adults (≥ 18 years) diagnosed with COVID-19 from January 1, 2020, through September 30, 
2021, enrolled in Kaiser Permanente Georgia (KPGA) with complete biomarker data. Self-reported race (Black or White) 
was defined from electronic medical records. Chronic stress, defined as allostatic load (AL), a composite score (scale 0–7) 
based on seven cardio-metabolic biomarkers, was categorized as below (low AL) or above (high AL) the median. Severe 
COVID-19 was defined as hospitalization or mortality within 30 days of COVID-19 diagnosis. The association between race, 
AL, and severe COVID-19 was assessed using multivariable Poisson regression. The mediating effect of AL was assessed 
using the Valeri and VanderWeele method. All results were expressed as risk ratios (RRs) with 95% confidence intervals.
Results  Overall, Black (vs. White) KPGA members had an 18% excess risk of AL (RR: 1.18, 95%CI: 1.14–1.23) and a 24% excess 
risk of severe COVID-19 (RR: 1.24, 95%CI: 1.12, 1.37). AL explained 23% of the Black-White disparities in severe COVID-19.
Conclusions  In our study, chronic stress, characterized by AL, partially mediated Black-White disparities in severe COVID-
19 outcomes.
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Introduction

Racial disparities in health outcomes, including life expec-
tancy and burden of chronic health conditions, have long 
been reported [1–3]. This was especially highlighted during 
the COVID-19 pandemic with racial and ethnic minority 

populations facing the greatest burden of new COVID-19 
cases and the highest mortality rates [4–6]. While many 
acknowledge that structural racism plays a role in contrib-
uting to these health gaps, the exact mechanisms remain 
unclear.

Chronic stress, brought on by persistent and pervasive 
social and economic disadvantage, has previously been linked 
to poor health outcomes, and may contribute to existing racial 
and ethnic disparities in health [7–9]. Previous research has 
shown that stress is racially patterned with foreign-born His-
panic and Black individuals more likely to report more chronic 
stress exposure than White individuals [10, 11]. Chronic stress 
has also been consistently linked to increased risk of mortality 
[9, 12–14], depression [9, 15], metabolic and cardiovascular 
diseases [9, 15–17], and some infections [15, 18]. More spe-
cifically, numerous studies have found a link between stress 
and infection, such that many hypothesize that increased stress 
levels increase host susceptibility to infectious agents [19, 20]. 
While findings from the Common Cold Project have allowed 
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researchers to identify stress and other risk factors for upper 
respiratory infection [21], whether chronic stress explains the 
excess risk of COVID-19 among racial and ethnic minorities 
remains unknown.

Therefore, using data from a large integrated healthcare 
system in the United States (US), we aimed to investigate 
whether chronic stress mediates the relationship between 
race and severe COVID-19.

Methods

Data Sources and Study Population

We identified all members of Kaiser Permanente of Geor-
gia (KPGA) who were diagnosed with COVID-19 between 
January 1, 2020, and September 30, 2021 (n = 31,500). 
COVID-19 was defined by a positive COVID-19 PCR test or 
an ICD-10 diagnosis (code U07.1, B97.29, B34.2, B97.21, 
or J12.81). We excluded anyone who was < 18 years at time 
of COVID-19 diagnosis (n = 2337), did not identify as Black 
or White (n = 4650), was missing data on sex (n = 1), or any 
of the biomarkers of interest (n = 14,935; 60.9%). Individu-
als with incomplete biomarker data were more likely to be 
men, younger, come from a neighborhood with moderately 
lower vulnerability and medium to higher income, have a high 
deductible premium, not report a history of smoking or alcohol 
overuse, and had fewer pre-existing comorbidities compared to 
those with complete biomarker data (Supplementary Table 1). 
Our final sample included 9577 Black or White adults with 
COVID-19 and complete measured biomarker data (Fig. 1).

Definition of Race

We characterized individuals as Black or White based on 
self-reported race in electronic medical record (EMR) data. 
Over 80% of KPGA members identify as Black or White, thus 
other races including Asian, Native Hawaiian/Pacific Islander, 
American Indian/Alaskan Native, Multiple races, and oth-
ers (defined as those who did not identify as any of the race 
options) were not included in the sample due to small sample 
sizes. For individuals with missing race, n = 316 (3.3%), we 
imputed race using a probability distribution using patient zip 
code and surname [22]. This method of imputation has shown 
to have a predictive accuracy of 93% for both Black and White 
individuals [23]. In this study, we consider race a social con-
struct [4, 24] and a proxy for structural racism experienced to 
those historically marginalized [25].

Chronic Stress: Allostatic Load

Chronic stress was measured using allostatic load (AL) and 
calculated based on seven cardio-metabolite biomarkers: 

total cholesterol, HDL cholesterol, blood pressure (BP), 
glycated hemoglobin (HbA1C), body mass index (BMI), 
albumin, and creatinine [26–29]. These biomarkers were 
measured within 45 days and up to 5 years before the first 
COVID-19 diagnosis. For individuals with multiple meas-
urements, the most recent was used. Each biomarker was 
given a score: 1 for high risk, 0.5 for moderate risk, and 0 
for low risk, based on current clinical guidelines (Table 1). 
Anti-hypertensive medication was used as a proxy for high 
BP. Scores were then summed to determine a total AL 
score, on a scale of 0–7, and categorized as below (low 
AL) or above (high AL) median based on the total AL 
score median of 2.5.

Severe COVID‑19

COVID-19 severity was defined as hospitalization or mor-
tality within 30 days of COVID-19 diagnosis. Hospitali-
zation data was extracted from KPGA claims and billings 
data. Death data was extracted from a variety of sources 
including enrollment data, encounter data, and registry 
data.

Covariates

Using KPGA EMRs, we included individual-level data on 
age, sex, high deductible insurance plan (yes/no), smok-
ing status, and comorbidities, including history of alcohol 

Excluded (n=6,988)
� Not ≥18 years of age (n=2,337)
� Missing data on gender, race, or 

Demographic data linked to 
comorbidi�es and biomarker 

measures
n=24,512

Sample Popula�on for 
Analysis
n=9,577

Excluded (n=14,935)
� No biomarkers (n=4,449)

l b k

Incident cases of COVID-19 
from January 1, 2020-

September 30, 2021 among
KPGA members

n=31,500

Fig. 1   CONSORT diagram – Kaiser Permanente of Georgia (KPGA) 
study population
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overuse, depression, chronic obstructive pulmonary dis-
ease (COPD), liver disease, renal disease, and coronary 
heart disease (CHD), at time of COVID-19 diagnoses. 
Comorbidities were ascertained using ICD-10-CM and 
ICD-9-CM codes [30–33] (Supplementary Table 2) and 
chosen based on a priori knowledge. Comorbidities did 
not include those related to the key biomarkers of inter-
est (e.g., diabetes and HbA1c). Neighborhood-level social 
vulnerability index (SVI) [34] and median household 
income was extracted from the American Community 
Survey (ACS) and geocoded to patient zip codes. For all 
covariates, there was < 0.1% of data missing and thus we 
conducted a complete case analysis.

Statistical Analysis

Baseline characteristics of the study population, by race and 
AL status, were compared using t-tests for continuous vari-
ables and chi-square for categorical variables. All continu-
ous variables were normally distributed.

To assess the association between race, AL, and severe 
COVID-19 (visually depicted in Supplementary Fig. 1), we 
employed a Poisson regression with robust error variance 
[35, 36]. All results were expressed as risk ratios (RRs) 
with 95% confidence intervals (CIs). In a first step, we esti-
mated the association between race and severe COVID-19 
adjusting for potential confounders in a stepwise manner. 
Model 1 was unadjusted, Model 2 adjusted for age and sex, 
and Model 3 adjusted for age, sex, SVI, median household 

income, insurance status, smoking status, alcohol use, 
depression, COPD, liver disease, renal disease, and CHD. 
Variables were chosen for inclusion based on significant 
associations with the outcome in bivariable analysis, a priori 
knowledge, and appropriately low collinearity measures with 
all other covariates. All variables were retained in the model 
as they did not violate our cut-off of a variance inflation 
factor of 2.5. In a second step, we examined the association 
between race and AL using the same approach as above. In a 
third and final step, we assessed if AL mediates the associa-
tion between race and severe COVID-19, using the Valeri 
and VanderWeele method of mediation [37] across the same 
three multivariable models. The percent of the race dispar-
ity attenuated by AL was derived by calculating the percent 
change in RR estimations from the unadjusted association 
of race and severe COVID-19 to the AL-adjusted race and 
severe COVID-19 relationship, as a fraction of the change in 
RR estimation over the unadjusted estimation [38].

Sensitivity Analyses

In our first sensitivity analysis, we examined the impact of 
AL on race and severe COVID-19 when AL was defined on 
a continuous scale (from 0–7). Second, we restricted our 
sample to those with more recent biomarker data available 
recorded within 2 years prior to the COVID-19 diagnosis 
(n = 4987). Third, to assess potential effect modification by 
sex, we stratified our models by sex to obtain sex-specific 
estimates. Lastly, preliminary studies have found differences 

Table 1   Clinically relevant biomarker cutoffs to develop AL score, a proxy for chronic stress

a Denotes the absence of a moderate risk categorization according to current health guidelines

System Measures AL risk categorization Clinical cut-off Source

Cardiovascular Total cholesterol High (score 1)  ≥ 240 mg/dL National Cholesterol Education Program (45)
Medium (score 0.5) 200—< 240 mg/dL
Low (score 0)  < 200 mg/dL

HDL cholesterol High (score 1)  < 40 mg/dL National Cholesterol Education Program (45)
Medium (score 0.5) 40– < 60 mg/dL
Low (score 0)  ≥ 60 mg/dL

Blood pressure a High (score 1) Taking blood pressure meds Prescriber’s Digital Reference (46)
Low (score 0) No reported meds

Metabolic Glycated hemoglobin High (score 1)  ≥ 6.5% American Diabetes Association (47)
Medium (score 0.5) 5.7– < 6.5%
Low (score 0)  < 5.7%

Body mass index High (score 1)  < 18 kg/m2; ≥ 30 kg/m2 Center for Disease Control (48)
Medium (score 0.5) 25—< 30 kg/m2

Low (score 0) 18—< 25 kg/m2

Albumin a High (score 1) Outside normal range Clinical Key (49)
Low (score 0) Normal range: 3.5–5.5 g/dL

Creatinine a High (score 1) Outside normal range Medline Plus Medical Text (50)
Low (score 0) Normal range: 0.65–1.2 mg/dL
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in COVID-19 severity by year of infection; thus, we strati-
fied our models by COVID-19 pandemic era (2020 vs 2021) 
to obtain year-specific estimates.

All analyses were conducted via SAS v 9.4 (SAS Insti-
tute Inc.). Study ethics and research dissemination were 
reviewed and approved by The KPGA Institutional Review 
Board (IRB# 00000406) and Emory University Institu-
tional Review Board (IRB#: STUDY00001631). This study 
adheres to STROBE guidelines (Supplementary Table 3).

Results

Baseline Characteristics

Among KPGA members with COVID-19 and measured bio-
markers, 41.8% self-identified as White and 58.2% as Black. 
Black KPGA members were more likely to be women, 
younger, live in low-income and high social vulnerability 
neighborhoods, and be diagnosed with COPD, CHD, and 
renal disease, but less likely to report a history of smoking 
or alcohol overuse as compared to White members (Table 2).

Overall, 60.8% of KPGA members had a high AL risk level 
(i.e., above the median). KPGA members with high (vs. low) 
AL were more likely to Black, men, older, live in low-income 
and high social vulnerability neighborhoods, report a history 
of smoking, and be diagnosed with depression, COPD, liver 
disease, renal disease, and CHD (Supplementary Table 4).

Race and Severe COVID‑19

Overall, 15.3% (n = 1463) of KPGA members developed 
severe COVID-19, of which 87.9% (n = 1286) were hospi-
talized and 12.1% (n = 177) died within 30 days of diagno-
sis. Overall, 15.61% (n = 871) and 14.8% (n = 592) of Black 
and White members, respectively, had severe COVID-19. 
In fully adjusted models, Black KPGA members had a 24% 
higher risk of severe COVID-19, when compared to White 
members (RR: 1.24, 95%CI: 1.12, 1.37) (Table 3).

Race and Chronic Stress

Overall, 64.3% (n = 3585) and 56.0% (n = 2238) of Black and 
White KGPA members, respectively, had high AL (Supple-
mentary Table 4). In fully adjusted models, Black members 
had an 18% higher risk of high AL when compared to White 
KPGA members (RR: 1.18, 95%CI: 1.14, 1.23) (Table 3).

Chronic Stress as a Mediator of Race and Severe 
COVID‑19

After adjustment for AL, the relative risk of severe COVID-
19 in Black vs. White KPGA members decreased from 1.25 

to 1.19 (1.06, 1.34), but an excess risk remained (Table 4). 
Partial mediation by AL risk level explained 23% of the dis-
parity in severe COVID-19 among Black vs. White KPGA 
members.

Sensitivity Analyses

The percent of Black-White disparities in COVID-19 atten-
uated by chronic stress was relatively similar across vari-
ous AL calculation methods, populations with more recent 
biomarker data, sexes, and COVID-19 pandemic eras, with 
some exceptions (Supplementary Table 5–8). When using 
a continuous measure of AL risk (vs a binary measure), 
chronic stress explained a greater magnitude of the Black-
White disparity, such that continuous AL risk explained 
28% of the excess severe COVID risk in Black vs. White 
KPGA members vs. 23% when using binary AL (Supple-
mentary Table 5). Similarly, when restricting our study 
sample to KGPA members with biomarker data recorded 
within 2 years of their COVID-19 diagnosis (n = 4987), 
fully adjusted models yielded an overall 28% mediating 
effect of AL in Black vs. White members (Supplementary 
Table 6). Sex-stratified models showed that AL risk medi-
ated a greater proportion of the Black-White disparity in 
men, such that 25% and 18% of the Black-White disparity 
in COVID-19 disparity was explained by AL in men and 
women, respectively (Supplementary Table 7). Lastly, the 
mediating effect of chronic stress differed throughout the 
COVID-19 pandemic depending on the time of infection 
(2020 vs 2021), such that 14% of the Black-White disparities 
in COVID-19 severity was explained by chronic stress in 
2020, while there was no evidence of chronic stress media-
tion in 2021 (Supplementary Table 8).

Discussion

In our study among members of an integrated healthcare 
system, Black members had a 24% higher risk of severe 
COVID-19, and an 18% higher risk of having higher 
chronic stress levels at the time of COVID diagnosis, as 
compared to White members. Overall, 23% of the excess 
severe COVID-19 risk in Black adults can be explained by 
higher chronic stress levels. While relatively small, this 
proportion when translated nationally is likely to impact 
a significantly large number of Black individuals in the 
US disproportionately experiencing both chronic stress 
and severe COVID-19. Results from this study suggest 
that targeting chronic stress, and its upstream causes, may 
alleviate some of the excess risk of severe COVID-19 out-
comes experienced by some underrepresented populations.

Our study is the first to examine chronic stress as a media-
tor of the relationship between race and severe COVID-19. 
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However, several non-COVID studies have examined the 
effects of stress mediation on other health outcomes with 
similar findings. For example, in a US population, Duru 

et al. [13] found that AL mediated Black-White dispari-
ties in cardiovascular disease (CVD) and diabetes-related 
mortality among women by 71.4%, but did not explain 

Table 2   Baseline characteristics 
of adult KGPA members 
with an incident COVID-19 
diagnosis between 2020 and 
2021, by race

Data are N (%) unless otherwise stated
a Social vulnerability index is reported on a scale of 0–1. Categories are classified using quartiles: 0 to 
.2500 (lowest), .2501 to .5000 (moderately low), .5001 to .7500 (moderately high), and .7501 to 1.0 (high-
est)
b Chronic stress, as defined by AL
c Median allostatic load is 2.5 (range 0–7)
d Total cholesterol and HDL cholesterol are reported in units of mg/dL. Glycated hemoglobin is reported as 
a percent. BMI is reported in units of kg/m2. Albumin is reported in units of g/dL. Creatinine is reported in 
units of mg/dL
Abbreviations: BMI body mass index, COPD chronic obstructive pulmonary disease, HDL high density 
lipoprotein, KGPA Kaiser Permanente Georgia, SD standard deviation, SVI social vulnerability index

Baseline characteristics Total study population
n = 9577

Black 
n = 5578
(58.2%)

White 
n = 3999
(41.8%)

Sex
Women
Men

5,944 (62.1)
3,633 (37.9)

3,721 (66.7)
1,857 (33.3)

2,223 (55.6)
1,776 (44.4)

Age, mean (SD) 52.5 (14.4) 50.6 (13.6) 55.2 (15.1)
Median household income, mean (SD) 67,165 (25,150) 59,549 (20,447) 77,780 (27,167)
Median household income
50 k or less
 > 50 k to 100 k
 > 100 k to 150 k
 > 150 k

2,486 (26.0)
6,261 (65.4)
706 (7.4)
119 (1.2)

1,989 (35.7)
3,395 (60.9)
168 (3.0)
21 (0.4)

497 (12.4)
2,866 (71.7)
538 (13.4)
98 (2.5)

Social vulnerability index a, mean (SD) 0.47 (0.27) 0.56 (0.25) 0.35 (0.25)
Social vulnerability index a
Quartile 1 (low vulnerability)
Quartile 2
Quartile 3
Quartile 4 (high vulnerability)

2,319 (24.2)
2,884 (30.1)
2,473 (25.9)
1,895 (19.8)

714 (12.8)
1,488 (26.7)
1,830 (32.8)
1,541 (27.7)

1,605 (40.2)
1,396 (34.9)
643 (16.1)
354 (8.9)

High deductible insurance (yes) 370 (3.9) 228 (4.1) 142 (3.6)
Comorbidities
Smoking 1,920 (20.1) 916 (16.4) 1,004 (25.1)
Alcohol overuse 492 (5.1) 255 (4.5) 237 (5.9)
Depression 3,031 (31.7) 1,556 (27.9) 1,475 (36.9)
COPD 3,384 (35.3) 1,864 (33.4) 1,520 (38.0)
Liver disease 155 (1.6) 74 (1.3) 81 (2.0)
Coronary heart disease 807 (8.4) 451 (8.1) 356 (8.9)
Renal disease 1,286 (13.4) 800 (14.3) 486 (12.2)
Chronic stress level b, mean (SD) 2.6 (1.2) 2.7 (1.1) 2.4 (1.2)
Chronic stress level b
Low AL (below median) c
High AL (above median) c

3,754 (39.2)
5,823 (60.8)

1,993 (36)
3,585 (64)

1,761 (44)
2,238 (56)

Biomarkers d
Total cholesterol, mean (SD)
HDL cholesterol, mean (SD)
Blood pressure
Glycated hemoglobin, mean (SD)
BMI, mean (SD)
Albumin, mean (SD)
Creatinine, mean (SD)

180.8 (40.9)
51.8 (15.2)
5,697 (59.5)
6.0 (1.3)
33.2 (8.1)
4.1 (0.3)
1.0 (0.7)

179.3 (39.7)
52.4 (14.8)
3,419 (61.3)
6.2 (1.5)
34.1 (8.1)
4.1 (0.4)
1.1 (0.8)

182.8 (42.4)
51.1 (15.7)
2,278 (60.0)
5.9 (1.1)
31.8 (7.9)
4.2 (0.4)
0.9 (0.4)
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Black-White disparities among men. The sex-specific find-
ings here are interesting and the authors suggest that these 

might be partially explained by a combination of genetic dif-
ferences and psychological stressors, such as racism, health-
care accessibility, and adverse financial incentives that may 
impact men and women differently [13]. In our study, men 
were more likely to have high AL compared with women, 
but AL mediated a similar proportion of the excess risk of 
severe COVID-19 in Black vs. White members (18% and 
21% in women and men, respectively). Furthermore, the 
magnitude of the percent disparity attenuated is lower in 
our study than in Duru et al. [13]; this may be explained by 
the more causal relationship between each biomarker and 
diabetes and CVD (e.g., cholesterol and HbA1c), which is 
less well established for COVID-19 [39, 40]. It is also pos-
sible that for outcomes of diabetes and CVD, which take 
years to develop, chronic stress may play a more important 
role than in something like severe COVID-19 with relatively 
acute onset.

Other studies have used other indices of socioeconomic 
status (SES), rather than race, to examine the role of AL on 
difference in cognitive function in the elderly. One study 
found that 4.5% of the relationship between low SES and 
cognitive function in the elderly was explained by AL, but it 
was not a significant mediator [41]. In another study assess-
ing the relationship between adverse childhood experiences 
(ACEs) and multimorbidity [defined as an index of 21 preva-
lent and high impact/burden conditions], researchers found 
that social engagement and AL acted as partial mediators 

Table 3   Risk ratio estimations a of the relationship between race, 
COVID-19 severity, and chronic stress b

a All reported measures are risk ratio (95% confidence intervals), 
using White as the reference group
b Chronic stress, as defined by AL
c Model 1: Crude Model
d Model 2: adjusts for sex and age
e Model 3: adjusted for sex, age, SVI, income, high deductible insur-
ance plan, smoking status, alcohol use, depression, COPD, liver dis-
ease, renal disease, and CHD
Abbreviations: AL allostatic load, CHD coronary heart disease, COPD 
chronic obstructive pulmonary disease, SVI social vulnerability index

Model 1 c Model 2 d Model 3 e

Relationship 1: Race and risk of COVID-19 severity
White 

(n = 3999)
Black 

(n = 5578)

Reference
1.05 (0.96, 

1.16)

Reference
1.37 (1.25, 

1.51)

Reference
1.24 (1.12, 1.37)

Relationship 2: Race and risk of high chronic stress b

White 
(n = 3999)

Black 
(n = 5578)

Reference
1.15 (1.11, 

1.19)

Reference
1.25 (1.21, 

1.29)

Reference
1.18 (1.14, 1.23)

Table 4   Risk ratio estimations 
a describing the proportion of 
the relationship between race 
and severe COVID-19 that is 
mediated by chronic stress b

a All reported measures are risk ratio (95% confidence intervals), using White as the reference group
b Chronic stress, as defined by AL
c The direct effect RR gives the estimated association between race and COVID-19 severity, when the AL 
mediator is held constant at 0
d Percent mediated was not reported (NR) for results that showed no evidence of a significant association in 
the total effect
e Model 1 only contains exposure of interest and the mediator, when applicable
f Model 2 adjusts for sex and age
g Model 3 adjusted for age, sex, SVI, income, high deductible insurance plan, smoking status, alcohol use, 
depression, COPD, liver disease, renal disease, and coronary heart disease
Abbreviations: AL allostatic load, CHD coronary heart disease, COPD chronic obstructive pulmonary dis-
ease, NR not reported, RR risk ratio, SVI social vulnerability index

Direct effect RR c (95% CI), 
adjusted for AL

Total effect RR (95% CI), not 
adjusted for AL

Percent 
mediated by 
AL d

Model 1: Crude model e

  White (n = 3999) Reference Reference Reference
  Black (n = 5578) 0.99 (0.89, 1.10) 1.06 (0.96, 1.18) NR d

Model 2: Demographic adjusted model f

  White (n = 3999) Reference Reference Reference
  Black (n = 5578) 1.28 (1.15, 1.43) 1.40 (1.25, 1.55) 25%

Model 3: Fully adjusted model g

  White (n = 3999) Reference Reference Reference
  Black (n = 5578) 1.19 (1.06, 1.34) 1.25 (1.11, 1.41) 23%
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[14]. More specifically, they found that increases in ACEs 
were associated with an increased risk of multimorbidity 
later in life, of which 28% and 23% of the association in 
women and men, respectively, was partially explained by the 
combined effects of AL and social engagement.

COVID-19 is entering into an endemic phase with sea-
sonal outbreaks, similar to the flu [42, 43] and thus our 
findings will likely have several long-term public health 
implications. For instance, our data suggest that reduc-
ing AL may reduce the excess risk of severe COVID-19 
in Black individuals, at least in the Southeast US. Indi-
vidualized care plans to reduce the cumulative effects of 
AL among individuals at high risk for severe COVID-19 
may include any combination of improved nutrition, regu-
lar exercise, adequate sleep, blood pressure and glucose 
management, and mental health assessments, as well as 
increased social support as appropriate [44]. However, 
we acknowledge that causes of high AL and subsequent 
severe COVID-19 among minority populations are likely 
upstream and require longer term system-wide solutions 
that include addressing housing standards, healthcare 
accessibility via affordable insurance, and racial discrimi-
nation [1, 3, 4, 7, 45]. For example, in one study among 
Puerto Rican adults living in Boston, access to the Supple-
mental Nutrition Assistance Program (SNAP) minimized 
the impact of food insecurity on AL [46].

The key strength of this study is the use of KPGA’s 
expansive EMR data repository that allowed for a large 
sample size and clinically measured lab results, provider 
diagnosed comorbidities, and verified hospitalization and 
mortality information with minimal missing data. However, 
there are some limitations. First, AL is a proxy for chronic 
stress, and there is no validated method to calculate AL 
despite some consistency across studies. Additionally, pre-
scribed medications that can alter AL biomarkers were not 
considered. Second, our results may not be generalizable to 
non-insured settings, or to individuals not accessing health-
care frequently to have biomedical measurements taken. In 
our study, it is most likely that those without biomedical 
measurements taken were, on average, healthier than those 
who did have measurements taken and thus our results may 
be more generalizable to a less healthy population. Inter-
estingly, our population all have relatively uniform access 
to healthcare via private insurance and thus we can con-
clude that healthcare access is an unlikely contributor to 
our observed findings. Third, our population has a higher 
proportion of Black individuals and thus may not be extrap-
olated to other populations or regions in the US. Fourth, 
other races were excluded due to limited sample size in this 
population. Future research should examine the impact of 
AL on severe COVID-19 in other ethnic and racial minori-
ties. Fifth, AL is measured at baseline and is not updated 
over time and thus cannot be considered a “true” mediator. 

Longitudinal studies with time-varying data are needed in 
the future to address this. Finally, our study is limited to data 
captured in KPGA’s EMR and thus likely has residual con-
founding as a result of missing data, in particular individual 
level SES variables.

Conclusion

In conclusion, we report that Black members within an 
integrated healthcare system in the Southeast US are at 
increased risk for developing severe COVID-19, and this 
excess risk is, in part, explained by an unequal distribution 
of chronic stress among Black (vs. White) members. Iden-
tification of individuals at high risk for both chronic stress 
and severe COVID-19, and management of the effects and 
number of stressors may alleviate some of excess burden 
of severe COVID-19 in underrepresented racial and ethnic 
populations.
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