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Background: Obesity, race/ethnicity, and other correlated char-
acteristics have emerged as high-profile risk factors for adverse
coronavirus disease 2019 (COVID-19)-associated outcomes, yet
studies have not adequately disentangled their effects.

Objective: To determine the adjusted effect of body mass in-
dex (BMI), associated comorbidities, time, neighborhood-level
sociodemographic factors, and other factors on risk for death
due to COVID-19.

Design: Retrospective cohort study.

Setting: Kaiser Permanente Southern California, a large inte-
grated health care organization.

Patients: Kaiser Permanente Southern California members di-
agnosed with COVID-19 from 13 February to 2 May 2020.

Measurements: Multivariable Poisson regression estimated the
adjusted effect of BMI and other factors on risk for death at 21
days; models were also stratified by age and sex.

Results: Among 6916 patients with COVID-19, there was a
J-shaped association between BMI and risk for death, even after
adjustment for obesity-related comorbidities. Compared with

patients with a BMI of 18.5 to 24 kg/m?, those with BMIs of 40 to
44 kg/m? and greater than 45 kg/m? had relative risks of 2.68
(95% Cl, 1.43 to 5.04) and 4.18 (Cl, 2.12 to 8.26), respectively.
This risk was most striking among those aged 60 years or
younger and men. Increased risk for death associated with Black
or Latino race/ethnicity or other sociodemographic characteris-
tics was not detected.

Limitation: Deaths occurring outside a health care setting and
not captured in membership files may have been missed.

Conclusion: Obesity plays a profound role in risk for death from
COVID-19, particularly in male patients and younger popula-
tions. Our capitated system with more equalized health care ac-
cess may explain the absence of effect of racial/ethnic and socio-
economic disparities on death. Our data highlight the leading
role of severe obesity over correlated risk factors, providing a
target for early intervention.
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Coronavirus disease 2019 (COVID-19) is caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Since first detection of the virus in De-
cember 2019 (1), more than 4.4 million cases have
spread throughout the world. The disease is primarily
transmitted through large respiratory droplets, and dis-
ease severity ranges from mild self-limiting flu-like ill-
ness to fulminant pneumonia, respiratory failure, and
death. Estimated mortality rates vary considerably over
time and geography, likely because of evolving testing
strategies and other factors (2). Although several risk
factors for severe disease, such as increasing age and
male sex, are frequently cited in research, other high-
risk characteristics predominate by geographic region
and may explain differences in COVID-19 morbidity
and mortality. For example, Italy has the second most
elderly population in the world, and older age groups
have featured prominently in its burden of COVID-19-
related morbidity and mortality (3). In China, older age
and comorbidities, including diabetes, hypertension,
and cardiovascular and chronic respiratory diseases,
have been the most prominent high-risk characteristics
(4-6). In the United States, obesity is emerging as an
important risk factor (7-9).

Approximately 42.4% of the U.S. adult population
is obese, and 9.2% is severely obese (10). The Centers
for Disease Control and Prevention lists severe obesity
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at any age (body mass index [BMI] 240 kg/m?) as a
high-risk condition for COVID-19 (11). Given the high
prevalence of obesity, the potential effect of COVID-19
in the U.S. population is tremendous.

Social determinants of health, such as race/ethnic-
ity, income level, and education, have been shown to
be risk factors for both obesity and COVID-19 (12, 13).
Obesity's association with chronic conditions, such as
diabetes, hypertension, cardiac conditions, and cere-
brovascular disease, is well described; however, its re-
lationship with critical illness is less clear. Increased risk
for proinflammatory and prothrombotic states as well
as poor ventilatory lung mechanics correlated with
obesity are potentially poor prognostic factors in se-
vere illness, such as HIN1 influenza, and likely play a
role in COVID-19 outcomes (14-18). However, several
studies have also demonstrated an “obesity paradox,”
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or an inverse relationship between obesity and mortal-
ity among critically ill patients, including those with
acute respiratory distress syndrome (19-21).

Literature that adjusts for factors associated with
obesity and COVID-19 mortality is emerging, yet pub-
lications thus far have been small, have not adequately
captured BMI, and have not simultaneously considered
sufficient risk factors in a single model (4, 6, 22, 23).
Furthermore, most publications have focused on pa-
tients who are hospitalized or in the intensive care unit
(24-28), have neglected risk factors like income level
and education, and have not adjusted for changes in
testing or clinical practice over time. Therefore, we report
our findings on a large cohort of patients in an integrated
health care system at the point of diagnosis of COVID-19
to disentangle the effect of BMI, associated comorbidities
and medications, time, neighborhood-level income and
education, and other factors on the risk for COVID-19,
while describing important risk profiles by age and sex.

METHODS
Study Setting

Kaiser Permanente Southern California (KPSC) is an
integrated health care organization located throughout
9 counties in Southern California. Its comprehensive
electronic health record stores linked information on all
aspects of health care for each patient across all care
settings (for example, outpatient, inpatient, emergency
department, and virtual). Each member is assigned a
unique medical record number that allows for linkage
of data across all aspects of health care. Clinical care of
members outside the KP system is captured in the elec-
tronic health record through reimbursement requests
in the claims system.

Kaiser Permanente Southern California has a di-
verse member population, with more than 4.7 million
members representing more than 260 ethnicities and
150 languages. As of December 2018, most members
were Hispanic or Latino (43%), followed by White (35%),
Asian/Pacific Islander (12%), Black or African American
(9%), and other race/ethnicity (1%), and 22% of patients
were enrolled through Medicare or Medi-Cal and the
Children's Health Insurance Program.

Study Design

We conducted a retrospective cohort study includ-
ing all KPSC members diagnosed with COVID-19 by
diagnostic codes (Supplement Table 1, available at
Annals.org) or positive laboratory test results from 13
February to 2 May 2020, with 6-month continuous mem-
bership at KPSC (allowing up to a 31-day gap) before di-
agnosis. We excluded women who were pregnant at the
time of diagnosis (BMI measurements not comparable).

Exposure

The primary exposure of interest was BMI, catego-
rized by National Institutes of Health subcategories of
less than 18.5 kg/m? (underweight), 18.5 to 24 kg/m?
(normal), 25 to 29 kg/m? (overweight), 30 to 34 kg/m?
(obese class 1), 35 to 39 kg/m? (obese class Il), and
greater than 40 kg/m? (obese class Il or extreme obe-
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sity) (29). The BMI measurement at the index date or
the value closest to that date (to 2016) was selected.

Outcomes

The primary outcome was death within the 21 days
after the index date. To allow equal opportunity for all
patients to develop the outcome, the date the last pa-
tient was enrolled (index date) was set to 21 days be-
fore the study end date. We present the proportion
hospitalized and intubated among those who died ver-
sus those who survived.

Covariates

We considered individual-level factors, including
race/ethnicity, sex, age, and Medicaid status, and clinical
risk factors, including 20 comorbidities (Supplement Ta-
ble 2, available at Annals.org), hemoglobin A, level, prior
medication use (angiotensin-converting enzyme inhibi-
tors [ACEls] and angiotensin Il (ATIl) type-1 receptor
blockers [ARBs]), health care use (outpatient, inpatient,
and emergency department) in the 6 months before the
index date, tobacco use, alcohol use, and illicit drug use.
We also considered the following neighborhood-level
factors: population density, median household income,
and proportion of household members with more than
a high school education (Table). We included time as a
covariate in our models to adjust for testing practice
changes, effects of social distancing, and potential
changes in clinical treatments over the study period.

Statistical Analysis

We assessed the association of each covariate with
the outcome in bivariate analyses, comparing those
who survived and those who died using the x° test or
the Fisher exact test for categorical covariates and the
Kruskal-Wallis test for continuous variables, as appro-
priate. Covariates of clinical importance were selected
for the adjusted analyses (Figure 1). Missing data were
handled by multiple imputation with 5 imputed data
sets. The adjusted relative risks (that is, incidence rate
ratio) for death for different BMI categories and other
selected characteristics were estimated using multivari-
able Poisson regression. Adjusted incidence rates and
absolute risk for different BMI categories were esti-
mated using the same model. Confounding by time
was adjusted by including a calendar week variable in
the model. The trend of BMI on risk for death was also
assessed by modeling a cubic smoothing spline of con-
tinuous BMI in a separate generalized additive model
adjusting for other covariates (30).

We explored interaction terms between age group
(=60 or >60 years) and BMI and between sex (male or
female) and BMI, with adjustment for all variables in the
final model. We also conducted 2 sets of adjusted strati-
fied analyses for age and sex. All analyses were done us-
ing SAS statistical software, version 9.4 (SAS Institute).

Role of the Funding Source

This study was funded by Roche-Genentech but
was solely done at KPSC. The funder did not contribute
to the design, conduct, or analysis of this study, or to
manuscript development, writing, or review.
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Table. Characteristics of Study Cohort Considered for Selection in the Final Model (n = 6916)

Characteristic Patients All Patients P Value*
Who Died (n = 6916)
(n =206)
Sex, n (%) 0.002
Male 115 (3.7) 3111
Female 91(2.4) 3805
Race/ethnicity, n (%) <0.001
Hispanic 82(2.2) 3751
White 64 (5.3) 1210
Asian 25(2.4) 1036
Black 35(6) 584
Other/unknown 0(0) 335
Age at index date <0.001
Mean (SD), y 73.7(14.7) 49.1(16.6)
Median (Q1-Q3), y 76 (65.0-84.0) 49 (36.0-60.0)
By age group, n (%)
0-10y 0(0 28
11-20y 0(0 158
21-30y 1(0.1) 863
31-40y 6(0.5) 1178
41-50y 10(0.7) 1422
51-60y 20(1.3) 1545
61-70y 41(3.9) 1045
71-80y 53(12.4) 427
>80y 75 (30) 250
BMI, n (%) <0.001
<18.5 kg/m? 15(15.5) 97
18.5-24 kg/m? 53 (4.3) 1240
25-29 kg/m? 54 (2.4) 2207
30-34 kg/m? 44.(2.6) 1704
35-39 kg/m? 14(1.7) 833
40-44 kg/m? 14(3.8) 372
>45 kg/m? 12 (4.6) 262
Missing 0(0) 201
Days between BMI measurement and index datet <0.001
Mean (SD) 18.1(89.8) 123.0(195.2)
Median (Q1-Q3) 0(0.0-2.0) 50(1.0-157.0)
Tobacco use, n (%) <0.001
Current 4(2.1) 191
Former 88 (6.9) 1278
Never 106 (2.5) 4271
Unknown 8(0.7) 1176

Comorbidities, n (%)

Myocardial infarction 6(22.6) 115 <0.001
Congestive heart failure 44 (19.5) 226 <0.001
Peripheral vascular disease ’IO’I (19.4) 520 <0.001
Cerebrovascular disease 9(23.2) 168 <0.001
Chronic obstructive pulmonary disease 4’I (4.7) 869 0.001
Renal disease 7(18.2) 424 <0.001
Metastatic tumor/malignancy 18 (11.7) 154 <0.001
Other immune disease 25(11.6) 215 <0.001
Hyperlipidemia 142 (8.8) 1619 <0.001
Hypertension 150 (8.9) 1693 <0.001
Asthma 44 (3.5) 1273 0.27
Organ transplant 6(35.3) 17 <0.001
DM status <0.001

DM with hemoglobin A, level missing 18(5.4) 885

DM with hemoglobin A level <7.5% 50(9.3) 535

DM with hemoglobin A, level =7.5% 32(6.1) 522

No DM 106 (1.9) 5524

Continued on following page
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Table-Continued

Characteristic Patients All Patients P Value*
Who Died (n =6916)
(n = 206)
Variables not included in the final model

Population density per square mile, n (%) <0.001
<Q2 population density 97 (2.8) 3442
>Q3 population density 109 (3.1) 3468
Missing 0 (0) 6

Median household income, n (%) <0.001
<$40 000 49(3.2) 1513
$40 000-$79 999 114 (2.9) 3911
>$80 000 43(2.9) 1486
Missing 0(0) [

More than high school education, n (%) <0.001
<50% neighborhood (census block level) 86(2.7) 3223
>50% neighborhood (census block level) 120 (3.3) 3687
Missing 0(0) 6

Outpatient encounters, n (%) <0.001
0 4(0.7) 574
1-5 39(1.5) 2663
6-10 45 (3) 1490
11-20 49 (3.6) 1379
>21 69 (8.5) 810

Inpatient encounters, n (%) <0.001
0 151(2.3) 6529
1 42(15.4) 272
2 6(9.5) 63
>3 7(13.5) 52

Emergency encounters, n (%) <0.001
0 123(2.2) 5643
1 43 (4.5) 951
2 20(10.8) 186
>3 20(14.7) 136

Medicaid, n (%) <0.001
Yes 35(6.5) 537
No 171(2.7) 6377
Missing 0(0) 2

Alcohol use, n (%) <0.001
Current 56 (2.6) 2177
Former 8 (4) 199
Never 127 (4.3) 2921
Unknown 15(0.9) 1619

Illicit drug use, n (%) 0.001
Current 6(3.3) 181
Former 2(2.7) 73
Never 159 (3.6) 4443
Unknown 39(1.8) 2219

Comorbidities, n (%)
Moderate/severe liver disease 0(0.0) 7 0.64
Rheumatic/inflammatory disease 4(4.0) 99 0.53
Obstructive sleep apnea 19(7.2) 264 <0.001
Depression 40 (8.3) 484 <0.001
Hypothyroid 24 (8.4) 287 <0.001
AIDS/HIV 0(0.0) 11 0.56

Medications in prior 6 months, n (%)
ACEI 25(5.7) 441 0.001
ARB 22(7.2) 304 <0.001

ACEIl = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il type-1 receptor blocker; BMI = body mass index; DM = diabetes mellitus;

Q = quartile.

* The Fisher exact test was used for variables with a count <5, the Kruskal-Wallis test was used for age at index date and days between BMI
measurement and index date, and the x® test was used for all other variables.

1 Data were available for 6715 patients.

RESULTS

We identified 6916 patients with COVID-19 diag-
noses during the study period. Of these, 5652 (82%)
were identified by a positive result on polymerase

chain reaction testing. Kaiser Permanente Southern
California internalized SARS-CoV-2 testing on 19 March
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2020, and the volume of positive results increased sub-
stantially the week of 22 March. Overall, the majority of
patients with COVID-19 were female (55.0%) and His-
panic (54.2%) (Table). At the index date, the mean age
was 49.1 years, and the mean BMI was 30.6 kg/m?. The
most prevalent comorbidities were hypertension (24%),

Annals.org


http://www.annals.org

Obesity and Mortality Among Patients Diagnosed With COVID-19

hyperlipidemia (23%), diabetes (20%), and asthma
(18%). Approximately 8% of patients were Medicaid

beneficiaries (Table).

At the neighborhood level, 78% of patients lived in
census tracts with median household incomes less than
$80 000 per year; mean income was approximately
$62 000 per year. A total of 206 (3%) patients died
within 21 days of their COVID-19 diagnosis, with 67%
and 43% of patients hospitalized or intubated, respec-

tively, between the index date and date of death. Of
those that survived, 15% were hospitalized and 3%

were intubated.

Overall Adjusted Analyses

ORIGINAL RESEARCH

After covariate selection, our final adjusted model

included the covariates displayed in Figure 1. We note
a J-shaped association between BMI and risk for death.

In adjusted analyses, high BMI was strongly associated

Figure 1. Forest plot of final adjusted risk factors for death in overall population (n = 6916).
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BMI = body mass index; DM = diabetes mellitus; RR = risk ratio.
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Figure 2. Forest plots of adjusted risk factors for death (n = 6916), stratified by age (top) and sex (bottom).
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Models were adjusted for sex, race/ethnicity, age, tobacco use, myocardial infarction, congestive heart failure, peripheral vascular disease, cere-
brovascular disease, chronic pulmonary disease, renal disease, metastatic tumor or malignancy, other immune disease, hyperlipidemia, hyperten-
sion, asthma, organ transplant, and diabetes status and hemoglobin A,_level. BMI = body mass index; RR = risk ratio.

with higher risk for death, with more than 4 times the
risk (Figure 1) for the highest BMI measures. The ad-
justed incidence rate of death for the highest BMI mea-
sures was 7.08 (95% Cl, 3.58 to 14.00) per 100 patients,
corresponding to an attributable excess of 5.52 (Cl,
0.63 to 10.42) deaths per 100 patients when compared
with the incidence rate estimate for BMI of 18.5 to 24
kg/m? (Supplement Table 3, available at Annals.org).
When BMI was modeled as a continuous variable, a
nonlinear risk relationship was detected (P = 0.005).
We detected a strongly monotonic increased risk for
death with increasing age. Male patients had higher
risk for death than female patients. The comorbidities
with elevated risk in adjusted analyses included prior
myocardial infarction, prior organ transplant, and hy-
perlipidemia. Progression in time was strongly associ-
ated with decreased risk for death over the study pe-
riod (Figure 1).

We detected a statistically significant interaction
between categorical BMI and age (P = 0.002) but not
categorical BMI and sex (P = 0.077), likely because of
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the small sample size. The interaction between BMI and
sex was statistically significant (P = 0.005) when BMI
was modeled as a linear variable.

Age- and Sex-Stratified Analyses

In age-stratified adjusted analyses, among those
aged 60 years or younger, we found a markedly in-
creased risk for death associated with high BMI com-
pared with the overall model (Figure 2, A; Supplement
Table 4, available at Annals.org). For those aged 61
years or older, BMI was associated with death to a
much lesser degree, and only for the highest measures.
In the older patients, increasing age escalated in impor-
tance, with a 127% increased risk for death per decade
(Figure 2, A; Supplement Table 5, available at Annals
.org).

In sex-stratified analyses, high BMI was associated
with substantial risk for death in male patients, with risk
estimates above those in the overall model. Female pa-
tients had no increased risk for death associated with
BMI (Figure 2, B; Supplement Table 6 and Table 7,
available at Annals.org). In both stratified analyses, in-
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creasing calendar time significantly decreased risk for
death (Supplement Tables 4-7).

DISCUSSION

We found a striking association between BMI and
risk for death among patients with a diagnosis of
COVID-19 in an integrated health care system; this as-
sociation was independent of obesity-related comor-
bidities and other potential confounders. Our data also
suggest that risk may not be uniform across different
populations, with high BMI more strongly associated
with COVID-19 mortality in younger adults and male
patients, but not in female patients and older adults.
Comorbidities related to immunocompromised status
and prior myocardial infarction increased risk; however,
other comorbidities often correlated with obesity were
less prominently associated with mortality. In contrast
to other reports, we did not detect an independent ef-
fect of African American or Hispanic race/ethnicity com-
pared with White race/ethnicity, even though our study
included a sizable proportion of racial and ethnic mi-
nority patients. Our death rate of 2.98% was consistent
with that of Los Angeles County (2.94% of those testing
positive in the same period [31]).

Our study contributes to our understanding of the
effect of obesity on adverse outcomes associated with
COVID-19 in several important ways. Although previ-
ous studies have primarily focused on risk among the
hospitalized population (24-28), we present findings
that can inform decisions much earlier in the triage pro-
cess, including in the ambulatory setting. We included
a time variable in our adjusted models, which is a criti-
cal feature not addressed in prior literature. Our time
variable was highly statistically significant for decreas-
ing mortality risk over time in all analyses (Figure 1;
Supplement Tables 4-7), likely because of expansion of
the COVID-19 testing approach and evolution of
hospital-based patient management.

Our finding that severe obesity, particularly among
younger patients, eclipses the mortality risk posed by
other obesity-related conditions, such as history of
myocardial infarction, diabetes, hypertension, or hyper-
lipidemia, suggests a significant pathophysiologic link
between excess adiposity and severe COVID-19 illness.
Obesity is not only an expansion of subcutaneous adi-
pose tissue but is also associated with increased ecto-
pic fat, including visceral, perivascular, and epicardial
adipose tissue. Several studies have shown that this fat
distribution promotes chronic proinflammatory, pro-
thrombotic, and vasoconstrictive states, which can mani-
fest as insulin resistance, type 2 diabetes, hypertension,
atherosclerosis, cardiovascular disease, and immuno-
compromised state (32-36). Apart from chronic dis-
ease, visceral adiposity also promotes increased mor-
tality among critically ill patients with acute respiratory
distress syndrome (37).

Although the exact mechanism is unclear, ectopic
fat and COVID-19 share a common link in the upregu-
lation of proinflammatory, prothrombotic, and vaso-
constrictive peptide hormone, ATIl. Reduced levels of
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anti-inflammatory adipokines, such as adiponectin, in
obesity are associated with increased ATIl (38-41).
Similarly, COVID-19 has been shown to increase ATII
due to downregulation of its inhibitory enzyme, ACE2
(42-46). It is possible that COVID-19 is able to acceler-
ate pathologic injuries from existing substrates like ATII
among persons with severe obesity.

Anti-ATIl therapies, such as ACEls and ARBs, have
been mainstay therapies for hypertension in obese pa-
tients, with some effectiveness against insulin resis-
tance (47). With respect to COVID-19, ongoing clinical
trials are exploring the effectiveness of anti-ATll thera-
pies, such as recombinant ACE2 and ARBs (48-50).

We did not detect a statistically significant association
between African American or Hispanic race/ethnicity or
neighborhood-level variables on risk for death. There
has been widespread concern about the dramatically
disproportionate risk for death among African Ameri-
cans in this pandemic (12, 51). Although African Amer-
icans constitute 18% (weighted distribution) of the U.S.
population, they account for 22% of COVID-19 deaths,
according to data released by the Centers for Disease
Control and Prevention (52). In some geographic re-
gions, the disparities are much greater. Commonly
cited speculations are that higher prevalence of comor-
bid conditions, such as asthma and diabetes; income
constraints leading to pressure to return to work, pri-
marily in high-exposure service industries; household
density; and decreased access to health care contribute
to these findings. Our data did not show an increased risk
for death associated with asthma, neighborhood popula-
tion density, neighborhood income, or African American
race or Hispanic ethnicity. In our capitated system, access
to care is more equalized, which may influence the ab-
sence of socioeconomic disparities in adverse outcomes
observed in our data. Additional studies with more com-
prehensive capture of social determinants of health will
be helpful to confirm this observation.

This study has several important strengths. Our
large, capitated, diverse, integrated health care system
documents all aspects of care and medication use
across inpatient as well as outpatient settings. This al-
lowed us to construct a comprehensive cohort with
complete capture of prior risk factors that occur across
settings (such as ambulatory ACEl and ARB prescrip-
tions) and enhanced capture of our outcome as well
as neighborhood-level variables through membership
files. This study also has potential limitations. Our cova-
riate data set is more complete among patients with
more severe disease courses resulting in hospitaliza-
tion. Consequently, there is differential missingness for
some variables. Further, although we may have missed
deaths that occurred outside the hospital, we incorpo-
rated data from membership files in addition to hospi-
tal files for completeness.

In summary, we found that obesity was strongly as-
sociated with risk for death among our study popula-
tion of patients with COVID-19. Male and younger pa-
tients with high BMI seemed to be at particularly high
risk. In our prepaid system with more equalized access
to care, we did not detect elevated risk associated with
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many of the sociodemographic and clinical characteris-
tics seen in prior literature. Although we cannot expect
to disassociate the constellations of social and clinical
factors that contribute to health disparities and multi-
factorial chronic conditions in our patients, our data
help define the main drivers of adverse outcomes. Prin-
cipally, we demonstrate the leading role severe obesity
has over other highly correlated risk factors, providing
a clear target for early intervention. Our findings also
reveal the distressing collision of 2 pandemics: COVID-19
and obesity. As COVID-19 continues to spread unabated,
we must focus our immediate efforts on containing the
crisis at hand. Yet, our findings also underscore the need
for future collective efforts to combat the equally devas-
tating, and potentially synergistic, force of the obesity
epidemic.
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