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ABSTRACT
Objective  Obesity has been recognised as a risk factor 
for poor outcomes associated with COVID-19. Ethnic 
minorities with COVID-19 have been independently found 
to fare poorly. We aim to determine if ethnic minorities 
with severe obesity—defined as a body mass index 
(BMI) above 40 kg/m²—experience higher rates of 
hospitalisation, invasive ventilation and death.
Design and setting  Retrospective cohort study from 1 
March 2020 to 28 February 2021 within an integrated 
healthcare organisation in Southern California.
Participants  We identified 373 831 patients by COVID-19 
diagnosis code or positive laboratory test.
Methods  Multivariable Poisson regression with robust 
error variance estimated adjusted risks of hospitalisation, 
invasive ventilator use and death within 30 days. Risks 
were stratified by ethnicity and BMI.
Results  We identified multiple differences in risk of 
poor outcomes across BMI categories within individual 
ethnic groups. Hospitalisation risk with a BMI over 45 
kg/m² was greater in Asian (RR 2.31, 95% CI 1.53 to 
3.49; p<0.001), Hispanic (RR 3.22, 95% CI 2.99 to 
3.48; p<0.001) and Pacific Islander (RR 3.79, 95% CI 
2.49 to 5.75; p<0.001) patients compared with White 
(RR 2.04, 95% CI 1.79 to 2.33; p<0.001) and Black 
(RR 2.00, 95% CI 1.70 to 2.34; p<0.001) patients. A 
similar trend was observed with invasive ventilation 
risk. The risk of death was greater in Asian (RR 3.96, 
95% CI 1.88 to 8.33; p<0.001), Hispanic (RR 3.03, 
95% CI 2.53 to 3.61; p<0.001) and Pacific Islander 
(RR 4.60, 95% CI 1.42 to 14.92; p=0.011) patients 
compared with White (RR 1.47, 95% CI 1.13 to 1.91; 
p=0.005) and Black (RR 2.83, 95% CI 1.99 to 4.02; 
p<0.001) patients with a BMI over 45 kg/m².
Conclusions  Ethnic minorities with severe obesity, 
particularly Asian, Hispanic and Pacific Islander patients, 
had a statistically significant higher risk of hospitalisation, 
invasive ventilator use and death due to COVID-19. 
Potential explanations include differences in adipose 
tissue deposition, overall inflammation and ACE-2 receptor 
expression.

INTRODUCTION
Out of the world’s 535 million reported 
COVID-19 cases, the USA bares the heaviest 
burden of disease and death with 85.4 million 
reported cases and over 1 million deaths as 
of 12 June 2022. California has reported the 
highest total cases and deaths in the country 
due to SARS-CoV-2.1 Our understanding of 
unique combinations of risk factors that lead 
to severe disease and death is incomplete.

Ethnic minorities have been disproportion-
ately affected, with reports from the UK indi-
cating worse outcomes in Black, South Asian 
and Middle Eastern communities.2–4 Brazil’s 
Black and Pardo or mixed communities 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study included a large, diverse cohort from 
Kaiser Permanente Southern California—an inte-
grated healthcare system where access to care may 
have been more uniform.

	⇒ We accurately obtained information from virtual, 
outpatient and inpatient care streams through a ro-
bust electronic medical record system.

	⇒ Our cohort was made up of patients positive 
for COVID-19 defined as having a diagnosis of 
COVID-19 or having a positive test processed in our 
laboratory. Some patients who tested positive out-
side of Kaiser Permanente Southern California may 
have been missed.

	⇒ Patients with COVID-19 who lack insurance, did not 
pursue testing or encountered barriers to testing 
and medical evaluation were not accounted for in 
this study.

	⇒ Some patients who did not have a body mass index 
on record or were categorised as having ‘other’ eth-
nicity were not included. Further, the representation 
of Pacific Islander patients in our cohort was small.
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experienced a higher risk of death.5 The USA has seen 
COVID-19 disproportionately affect individuals of Black, 
Hispanic and Asian descent.6 In California, members of 
the Pacific Islander community have died from COVID-19 
at a rate that is fourfold their population share.7

Societal factors including barriers to timely care, living 
in crowded conditions and having jobs that cannot 
be performed remotely have been used to explain this 
disparity in minority groups.8 9 Limitations in English 
proficiency could also contribute to this disparity, partic-
ularly in Asian and Hispanic patients.7 10 Additionally, 
people of colour may carry a larger burden of comorbidi-
ties including obesity, diabetes and cardiovascular disease 
that could promote poor outcomes in COVID-19.11 12

While severe disease has been associated with advanced 
age and comorbidities such as cardiovascular disease, 
hypertension and diabetes, obesity has emerged as a 
strong and independent predictor of unfavourable 
outcomes.13–16 This has been attributed to a chronic 
inflammatory state driven by obesity.17 18 Severe disease 
related to COVID-19 has also been associated with an 
exaggerated inflammatory response triggered by a 
destructive cytokine storm.19

The UK has reported a connection between poor 
outcomes in ethnic minority groups with obesity.20 Such 
an interaction between obesity, ethnicity and severe 
disease in COVID-19 has not yet been described in depth 
in the USA.

A better understanding of the association between 
ethnicity and obesity in COVID-19 and its impact on 
severe disease (ie, hospitalisation and invasive ventilator 
use) and mortality has invaluable public health implica-
tions aimed at reducing this risk in our most vulnerable 
communities.

As such, we aim to describe differences in the risk of 
hospitalisation, invasive ventilation and death due to 
COVID-19 among ethnic groups stratified across multiple 
categories of obesity in patients belonging to a large inte-
grated healthcare system in Southern California.

METHODS
Study design and setting
This was an Institutional Review Board-approved retro-
spective cohort study of Kaiser Permanente Southern 
California (KPSC) patients over the age of 18 years diag-
nosed with COVID-19 by diagnosis code or positive PCR 
laboratory test from 1 March 2020 to 28 February 2021 
(online supplemental eFigure 1, eTable 1). KPSC elec-
tronic health records were used to abstract demographic 
and clinical information including vital signs, healthcare 
utilisation and mortality data. Non-hospitalised patients 
were included—particularly when assessing mortality. 
California State and Social Security Administration Death 
Master Files were used to identify additional members 
who died from COVID-19. As of the end of 2019, most of 
the 4.6 million KPSC members were Hispanic or Latino 
(43%) and White (35%), followed by Asian or Pacific 

Islander (13%) and Black and African American (8%). 
We included only patients who had continuous enrol-
ment in the health plan for at least 6 months prior to 
their COVID-19 diagnosis date.

Exposure
The main grouping variables were ethnicity and body 
mass index (BMI). BMI in the units of kg/m2 was catego-
rised as less than 25, 25–29.9, 30–34.9, 35–39.9, 40–44.9 
and greater than or equal to 45. The adjusted BMI in the 
units of kg/m2 with different cut points for Asian patients 
was categorised as less than 23, 23–27.4, 27.5–32.4, 32.5–
37.4, 37.5–42.4 and equal to or greater than 42.5.21

Outcomes
The primary outcomes were hospitalisation within 30 
days after COVID-19 diagnosis date, invasive ventilator 
use and death within 30 days of COVID-19 diagnosis date.

Data analysis
Adjusted risk ratios and the 95% CIs were estimated by 
Poisson regressions with a robust error variance. Statis-
tical control was used to control for confounding. Covari-
ates included in the adjusted models were age, gender, 
ethnicity, income, date of COVID-19 diagnosis, BMI, 
smoking status, pregnancy and comorbidities associated 
with high risk for severe COVID-19 defined by the Centers 
for Disease Control and Prevention.22 These underlying 
conditions included hypertension, heart failure, diabetes, 
coronary artery disease, atherosclerosis, sleep apnoea, 
chronic obstructive pulmonary disease, chronic kidney 
disease, end-stage renal disease, HIV/AIDS, cerebrovas-
cular disease, chronic liver disease, fatty liver, immuno-
suppressive treatment and malignancy. Interaction terms 
between both ethnicity and BMI, as well as with adjusted 
BMI for Asian patients, were explored; covariates in the 
main models were also used for adjustment. All analyses 
were conducted by using SAS (V.9.4 for Windows; SAS 
Institute). Patients without a BMI were excluded from 
regression analysis. We reanalysed our models to include 
a missing BMI category to identify any differences in 
results.

Patient and public involvement
There was no patient or public involvement.

RESULTS
Study population
A total of 373 831 patients with a diagnosis of COVID-19 
between 1 March 2020 and 28 February 2021 were 
included; the majority of patients (65.3%) were diagnosed 
between December 2020 and February 2021 (online 
supplemental eFigure 1, table  1). Our cohort included 
60.2% Hispanic, 20.6% White, 6.5% Asian, 6.0% Black 
and 0.7% Pacific Islander patients (table 1). The mean age 
of our cohort was 44.9. Females represented the majority 
of patients at 54.1%. Mean household median income 
was $76 900 (table 1). The most common comorbidities 
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were obesity (46.3%), hypertension (16.4%) and diabetes 
(13.7%) (table 1).

Overall analyses of risk
The overall risk of hospitalisation, invasive ventilation 
and death due to COVID-19 was lower under the age of 
51 and higher over the age of 60 compared with patients 
between the ages of 51 and 60. Those over the age of 81 
had a 4.4 times higher risk of hospitalisation (RR 4.44,95% 
CI 4.23 to 4.66; p<0.001), 4.2 times higher risk of invasive 
ventilation (RR 4.22, 95% CI 3.66 to 4.88; p<0.001) and 
14.9 times higher risk of death compared with the refer-
ence group of patients aged 51–60 years (RR 14.87, 95% 
CI 13.31 to 16.62; p<0.001) (online supplemental eFig-
ures 2–4).

Females had a lower risk of hospitalisation (RR 0.63, 
95% CI 0.62 to 0.65; p<0.001), invasive ventilation (RR 
0.42, 95% CI 0.39 to 0.45; p<0.001) and death (RR 
0.53, 95% CI 0.50 to 0.56; p<0.001) due to COVID-19 
compared with males (online supplemental eFigures 
2–4).

Patients earning over $100 000 had a lower risk of hospi-
talisation (RR 0.91, 95% CI 0.87 to 0.96; p<0.001) and 
death (RR 0.78, 95% CI 0.70 to 0.87; p<0.001) compared 
with those with an income under $40 000 (online supple-
mental eFigures 2 and 4). A significant difference in risk 
of invasive ventilation (RR 0.99, 95% CI 0.86 to 1.14; 
p=0.893) was not observed (online supplemental eFigure 
3).

Patients with diabetes had a higher risk of hospitalisa-
tion (RR 1.41, 95% CI 1.37 to 1.45; p<0.001), invasive 
ventilation (RR 1.62, 95% CI 1.51 to 1.75; p<0.001) and 
death (RR 1.39, 95% CI 1.31 to 1.47; p<0.001) (online 
supplemental eFigures 2–4).

Hispanic and White patients represented the majority 
of patients who were hospitalised (55.4%, 23.6%), inva-
sively ventilated (64.6%, 15.9%) and who died (49.5%, 
29.2%) because of COVID-19. Compared with White 
patients, Asian and Pacific Islander patients had higher 
rates of hospitalisation (Asian: RR 1.56, 95% CI 1.49 to 
1.63, p<0.001; Pacific Islander: RR 1.59, 95% CI 1.42 to 
1.77, p<0.001), invasive ventilator use (Asian: RR 2.91, 
95% CI 2.56 to 3.30, p<0.001; Pacific Islander: RR 2.60, 
95% CI 1.94 to 3.47, p<0.001) and death (Asian: RR 1.35, 
95% CI 1.23 to 1.49, p<0.001; Pacific Islander: RR 1.56, 
95% CI 1.21 to 2.02, p<0.001) (online supplemental eFig-
ures 2–4).

There was a trend towards higher risk of hospitalisa-
tion, invasive ventilation and death with increasing BMI. 
There was a 2.8 times higher risk of hospitalisation (RR 
2.76, 95% CI 2.60 to 2.94; p<0.001), a 6.0 times greater 
risk of invasive ventilation (RR 6.03, 95% CI 5.16 to 7.05; 
p<0.001) and a 2.4 times higher risk of death (RR 2.41, 
95% CI 2.11 to 2.76; p<0.001) in patients with a BMI 
greater than or equal to 45 kg/m² (online supplemental 
eFigures 2–4).

Interaction of ethnicity and BMI
We identified differences in the distribution of BMI cate-
gories across ethnic groups which were more evident 
at higher BMI categories. For example, 1.6% of Asian 
patients had a BMI between 40 and 44.9 kg/m² compared 
with 8.5% of Black and 6.4% of Hispanic patients 
(table 1).

We detected multiple differences when we analysed 
the risk of hospitalisation, invasive ventilation and death 
among patients with different BMI categories compared 
with normal BMI under 25 kg/m² within their individual 
ethnic groups.

At BMIs greater than or equal to 45 kg/m², the risk of 
hospitalisation was higher in Hispanics (RR 3.22, 95% CI 
2.99 to 3.48; p<0.001), Pacific Islanders (RR 3.79, 95% CI 
2.49 to 5.75; p<0.001) and in Asian (RR 2.31, 95% CI 1.53 
to 3.49; p<0.001) patients. Comparatively, the risk at this 
BMI category was not as high in Black (RR 2.00, 95% CI 
1.70 to 2.34; p<0.001) and White patients (RR 2.04, 95% 
CI 1.79 to 2.33; p<0.001) (figure 1).

Differences in the risk of invasive ventilation were higher 
in Hispanic (RR 3.71, 95% CI 3.07 to 4.49; p<0.001), Asian 
(RR 4.50, 95% CI 2.43 to 8.30; p<0.001) and Pacific Islander 
(RR 4.40, 95% CI 1.36 to 14.31; p=0.014) patients compared 
with Black (RR 2.78, 95% CI 1.76 to 4.37; p<0.001) and White 
(RR 2.92, 95% CI 2.03 to 4.20; p<0.001) patients at BMIs of 
40–44.9 kg/m² (figure 2).

Less difference in the risk of invasive ventilation was 
observed at BMIs greater than or equal to 45 kg/m² 
for all ethnic groups compared with their counterparts 
with normal BMI (Asian: RR 5.66, 95% CI 2.68 to 11.96, 
p<0.001; Black: RR 4.88, 95% CI 3.10 to 7.67, p<0.001; 
Hispanic: RR 5.96, 95% CI 4.89 to 7.27, p<0.001; Pacific 
Islander: RR 6.34, 95% CI 1.91 to 21.01, p=0.003; White: 
RR 5.55, 95% CI 3.92 to 7.84, p<0.001) (figure 2).

White patients at every BMI category between 25 and 
40 kg/m² experienced less risk of death compared with 
White patients with a normal BMI (BMI 25–29.9 kg/m²: 
RR 0.65, 95% CI 0.58 to 0.73, p<0.001; BMI 30–34.9 kg/
m²: RR 0.67, 95% CI 0.58 to 0.76, p<0.001; BMI 
35–39.9 kg/m²: RR 0.81, 95% CI 0.69 to 0.96, p=0.017) 
(figure 3). Black patients at BMI categories between 30 
and 44.9 kg/m² had no significant difference in risk of 
death compared with those with a normal BMI (BMI 
30–34.9 kg/m²: RR 0.98, 95% CI 0.77 to 1.23, p=0.834; 
BMI 35–39.9 kg/m²: RR 1.09, 95% CI 0.83 to 1.44, 
p=0.535; BMI 40–44.9 kg/m²: RR 1.06, 95% CI 0.71 to 
1.58, p=0.778) (figure 3). The risk of death rose as BMI 
increased in Asian (BMI 35–39.9 kg/m²: RR 2.08, 95% CI 
1.46 to 2.96, p<0.001; BMI 40–44.9 kg/m²: RR 3.09, 95% 
CI 1.74 to 5.47, p<0.001), Hispanic (BMI 35–39.9 kg/m²: 
RR 1.31, 95% CI 1.15 to 1.49, p<0.001; BMI 40–44.9 kg/
m²: RR 2.00, 95% CI 1.70 to 2.34, p<0.001) and Pacific 
Islander patients (BMI 30–34.9 kg/m²: RR 2.35, 95% CI 
1.13 to 4.92, p=0.023; BMI 40–44.9 kg/m²: RR 4.47, 95% 
CI 1.63 to 12.25, p=0.004) (figure 3).

Among every ethnic group, the risk of death was 
highest when the BMI was greater than or equal to 45 
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kg/m². While White patients had a 1.5 times higher risk 
(RR 1.47, 95% CI 1.13 to 1.91; p=0.005), the risk was 
higher by 2.8 times in Black patients (RR 2.83, 95% CI 
1.99 to 4.02; p<0.001), 3.0 times in Hispanic patients 
(RR 3.03, 95% CI 2.53 to 3.61; p<0.001), 4.0 in Asian 
patients (RR 3.96, 95% CI 1.88 to 8.33; p<0.001) and 
4.6 in Pacific Islander patients (RR 4.60, 95% CI 1.42 to 
14.92; p=0.011) (figure 3).

Utilisation of adjusted BMI categories in Asian patients
In the analysis of adjusted BMI categories, Asian patients 
with an adjusted BMI of 37.5–42.4 kg/m² had a 6.6 times 
higher risk of invasive ventilation compared with Asian 
patients with a BMI under 23 kg/m² (RR 6.55, 95% CI 
3.98 to 10.77; p<0.001) (online supplemental eTable 2). 
Patients with a BMI greater than or equal to 42.5 kg/m² 
had a 6.4 times higher risk of invasive ventilation (RR 
6.36, 95% CI 3.16 to 12.79; p<0.001) (online supple-
mental eTable 2). The risk of death was 3.0 times for 
Asian patients with an adjusted BMI greater than or equal 
to 42.5 kg/m² (RR 3.04, 95% CI 1.64 to 5.66; p<0.001) 
(online supplemental eTable 2).

Missing data
BMI was missing in 5% of patients in our study. The 
differences were small when we ran sensitivity anal-
ysis comparing model results with and without patients 
missing a BMI.

DISCUSSION
In this ethnically diverse Southern California-based 
managed care cohort, the risk of hospitalisation, invasive 
ventilation and death was higher in Asian, Hispanic and 
Pacific Islander patients with severe obesity compared 
with Black and White patients with severe obesity. The 
study took place between 1 March 2020 and 28 February 
2021—a time when the COVID-19 vaccine was not readily 
available in the USA. Lineages B.1.429 and B.1.427 of 
the Epsilon variant became the dominant strain of SARS-
CoV-2 during a winter surge between November 2020 and 
March 2021 in Southern California.23

The acceleration in risk of hospitalisation with 
increasing BMI was less striking in Black and White 
patients compared with other ethnic groups. At BMIs 

Figure 1  Forest plots of adjusted risk ratios of body mass index for hospitalisation stratified by ethnicity (n=25 970). Models 
were adjusted for ethnicity, age, gender, income, smoking history, pregnancy, hypertension, heart failure, diabetes, coronary 
artery disease, atherosclerosis, sleep apnoea, chronic obstructive pulmonary disease, chronic kidney disease, end-stage renal 
disease, HIV, cerebrovascular disease, chronic liver disease, fatty liver, immunosuppressive treatment and malignancy. BMI, 
body mass index.
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of 40–44.9 kg/m², the risk of hospitalisation was higher 
by 1.5 times in White patients and 1.7 times in Black 
patients, but 2.9 times in Asian patients, and 2.2 times in 
Hispanic and Pacific Islander patients (figure 1). Risk of 
invasive ventilation in those with a BMI of 40–44.9 kg/
m² was higher by 4.5 times in Asian patients, 4.4 times 
in Pacific Islander patients and 3.7 times in Hispanic 
patients. This compares to a higher risk of 2.8 times in 
Black patients and 2.9 times in White patients (figure 2). 
At BMIs greater than or equal to 45 kg/m² though, the 
risk of invasive ventilation became less different across all 
ethnicities.

A protection from death was only largely observed in 
White patients with BMIs between 30 and 39.9 kg/m² 
(figure  3). An obesity or BMI paradox has associated 
severe obesity with lower mortality rates in patients with 
acute respiratory distress syndrome (ARDS).24 25 Excess 
fat may create an advantageous environment of caloric 
reserves for patients in intensive care settings.26 Black 
patients saw no significantly higher risk of mortality at 
BMIs between 30 and 44.9 kg/m² (figure 3). The risk of 
death disproportionately trended up as BMI increased in 
Asian, Hispanic and Pacific Islander patients (figure 3).

While we observed White patients were protected 
from death at BMI categories under 45 kg/m², reports 
have indicated that the BMI paradox does not apply to 
COVID-19 which in severe cases can also lead to ARDS.27

In our study, a BMI paradox was not observed in any 
ethnicity with a BMI greater than or equal to 45 kg/m². 
Risk of death at the highest BMI category was dispropor-
tionately elevated in minority ethnic groups—2.8 times 
greater in Black patients, 3.0 times greater in Hispanic 
patients, 4.0 times greater in Asian patients and 4.6 times 
greater in Pacific Islander patients compared with a 1.5 
times greater risk in White patients who had a BMI greater 
than or equal to 45 kg/m² (figure  3). Further, reports 
have identified fundamental flaws including collider bias 
and reverse causality that compromise the validity of a 
BMI paradox.28–31

While further investigation is needed to explain these 
differences, our findings could potentially be explained 
by variability in adipose tissue deposition and inflam-
matory markers. Subcutaneous adipose tissue (SAT) 
is elevated in Black patients and may have a protec-
tive function because of its association with reduced 
triglycerides and increased high-density lipoprotein.32–34 

Figure 2  Forest plots of adjusted risk ratios of body mass index for invasive ventilation stratified by ethnicity (n=4051). Models 
were adjusted for ethnicity, age, gender, income, smoking history, pregnancy, hypertension, heart failure, diabetes, coronary 
artery disease, atherosclerosis, sleep apnoea, chronic obstructive pulmonary disease, chronic kidney disease, end-stage renal 
disease, HIV, cerebrovascular disease, chronic liver disease, fatty liver, immunosuppressive treatment and malignancy. BMI, 
body mass index.



8 Patel HM, et al. BMJ Open 2022;12:e059132. doi:10.1136/bmjopen-2021-059132

Open access�

Non-Hispanic Black patients have less visceral adipose 
tissue (VAT) compared with non-Hispanic White patients 
and Hispanic patients.34

Those with higher levels of VAT have been inde-
pendently linked to worse outcomes related to COVID-
19.33 35 VAT is found at higher levels in Asian and Pacific 
Islander patients and has been more strongly associated 
with cardiometabolic risk, systemic inflammation and 
insulin resistance.32–34 36 37 Hypertrophied adipocytes in 
excess VAT can be infiltrated by macrophages leading 
to reduced levels of anti-inflammatory adiponectin and 
increased production of inflammatory cytokines such as 
tumour necrosis factor alpha and interleukin 6.38 ACE-2, 
the receptor SARS-CoV-2 uses to achieve intracellular 
entry, is present at especially high levels in VAT which is 
located around the organs.33 ACE-2 has been found to 
be expressed at higher levels in adipose tissue in general, 
the lungs and in Asian patients compared with Black and 
White patients.19 39

Because of this difference in fat distribution, it has been 
suggested that Asian individuals at lower BMIs compared 
with other ethnicities may carry a greater cardiometa-
bolic risk.40 When we adjusted BMI for Asian patients, 

we did not find a striking difference in trends compared 
with results with standard cut-off points except for a few 
instances when examining the risk of invasive ventilation 
and death. While Asian patients with a BMI of 40–44.9 kg/
m² had a 4.5 times higher risk of invasive ventilation 
compared with Asian patients with a normal BMI, this risk 
was 6.6 times higher in Asian patients with a BMI between 
37.5 and 42.4 kg/m² compared with Asian patients with 
a BMI under 23 kg/m² (online supplemental eTable 
2). The risk of mortality was 4.0 times greater for Asian 
patients with a BMI above 45 kg/m² and 3.0 times greater 
when the BMI was adjusted to above 42.5 kg/m² (online 
supplemental eTable 2).

Other important explanations for poor outcomes asso-
ciated with COVID-19 among different ethnicities have 
been identified. Previous reports indicate diabetes and 
advanced age were associated with increased risk factors 
of infection with COVID-19 particularly in Hispanic 
patients.41 We observed an increased risk of unfavourable 
outcomes in patients with diabetes, but this risk was over-
shadowed in patients with severe obesity (online supple-
mental eFigures 2–4). Our report found a significantly 
increased risk of severe disease and death in patients over 

Figure 3  Forest plots of adjusted risk ratios of body mass index for mortality stratified by ethnicity (n=5670). Models were 
adjusted for ethnicity, age, gender, income, smoking history, pregnancy, hypertension, heart failure, diabetes, coronary artery 
disease, atherosclerosis, sleep apnoea, chronic obstructive pulmonary disease, chronic kidney disease, end-stage renal 
disease, HIV, cerebrovascular disease, chronic liver disease, fatty liver, immunosuppressive treatment and malignancy. BMI, 
body mass index.
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the age of 81 compared with patients between the ages 
of 51 and 60 (online supplemental eFigure 4). Poverty, 
which has been identified as an independent risk factor 
for COVID-19, has been shown to result in an increased 
risk of infection among White, Black and Hispanic 
patients.41 Our results indicate wealthier patients who 
earned over $100 000 experienced a lower risk of hospital-
isation and death due to COVID-19 (online supplemental 
eFigures 2 and 4).

Additional reports suggest Asian and Hispanic patients 
may experience barriers to quality and timely care due 
to various factors including limitations in English profi-
ciency.7 10 The COVID-19 pandemic led to a surge in 
patients seeking care by telemedicine. Disparities in tele-
health use have been identified indicating utilisation 
was lower in Hispanic and Asian patients and higher in 
Black patients.42–44 Reports have also found telehealth 
use was higher in Black patients with obesity during the 
pandemic.45

It has been reported in the UK that obesity is linked 
to a higher risk of hospitalisation and mortality in South 
Asian, Black and other ethnic minority patients compared 
with White patients.20 Our study showed obesity carried a 
greater risk of poor outcomes in Asian, Pacific Islander 
and Hispanic patients—Black patients often had a similar 
risk to White patients. Few reports have highlighted Asian, 
Pacific Islander and Hispanic ethnic groups in such detail 
and as a result their outcomes with COVID-19 have been 
understudied.

This study has many important strengths. We included 
a large cohort from an integrated healthcare system 
where access to care is expected to be more uniform. 
With the use of a robust electronic medical record system, 
we accurately obtained information from virtual, outpa-
tient and inpatient platforms. This report also has limita-
tions. Patients who tested positive outside of KPSC, were 
undiagnosed or encountered barriers to care were not 
included. Further, we did not include patients who lacked 
a BMI on file or had an ethnicity listed as other. We also 
noted the representation of Pacific Islander patients was 
small compared with other ethnicities in our cohort.

CONCLUSIONS
We report new information showing obesity is dispro-
portionately associated with a higher risk of hospital-
isation, invasive ventilation and death in people of 
colour, particularly Asian, Hispanic and Pacific Islander 
patients. Based on a large and diverse cohort from an 
integrated medical system in Southern California, find-
ings from this study illuminate the disproportionate risk 
of poor COVID-19 outcomes faced by ethnic minorities 
with severe obesity. While we did not directly measure 
SAT and VAT in this study, future research connecting 
higher levels of VAT with poor outcomes to COVID-19 
could lead to a greater understanding of who may be 
most vulnerable.

Author affiliations
1Family Medicine and Virtual Medicine, Southern California Permanente Medical 
Group, Huntington Beach, California, USA
2Family Medicine, Southern California Permanente Medical Group, Anaheim, 
California, USA
3Internal Medicine, Southern California Permanente Medical Group, Simi Valley, 
California, USA
4Research and Evaluation, Kaiser Permanente Southern California, Pasadena, 
California, USA

Acknowledgements  We thank Jiaxiao Shi, PhD, for providing critical revision 
of the protocol. We thank Emily Whitcomb, MD (Southern California Permanente 
Group), for providing critical revision of the manuscript. We thank Sean Hashmi, 
MD (Southern California Permanente Group), Benjamin Kim, MD (Southern 
California Permanente Group), Edward Mun, MD (Southern California Permanente 
Group), Sameer Murali, MD (The University of Texas Health Science Center at 
Houston), Chandra Patel, DO (Keck School of Medicine) and Robert Zane, MD 
(Southern California Permanente Group) for providing clinical expertise for the 
protocol.

Contributors  As guarantor of this study, HMP accepts full responsibility for 
the finished work and/or the conduct of the study. HMP had access to the 
data, and controlled the decision to publish. HMP takes full responsibility for 
the integrity of the data and the accuracy of the data analysis. Concept and 
design: HMP. Acquisition, analysis or interpretation of data: HMP, SK, PS, QL. 
Drafting of the manuscript: HMP. Critical revision of the manuscript for important 
intellectual content: HMP, SK, PS. Statistical analysis: QL. Obtained funding: HMP. 
Administrative, technical or material support: ST, AM. Supervision: HMP. Editing: 
HMP, SK, PS.

Funding  This research was supported by a grant from the Regional Research 
Committee of Kaiser Permanente Southern California (RRC grant number: 
KP-RRC-20201005).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Ethics approval  This study involves human participants and was approved by 
Kaiser Permanente Southern California Institutional Review Board (IRB number: 
12668). Research participants did not give informed consent to participate in the 
study before taking part because the Kaiser Permanente Southern California IRB 
determined in accordance with 45CFR 46.116 that informed consent could be 
waived based on the following: (1) the research involves no more than minimal 
risk to the subjects; (2) the research could not practicably be carried out without 
the requested waiver or alteration; (3) if the research involves using identifiable 
private information or identifiable biospecimens, the research could not practicably 
be carried out without using such information or biospecimens in an identifiable 
format; (4) the waiver or alteration will not adversely affect the rights and welfare 
of the subjects; and (5) whenever appropriate, the subjects or legally authorised 
representatives will be provided with additional pertinent information after 
participation.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No data are available.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability 
and responsibility arising from any reliance placed on the content. Where the 
content includes any translated material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited to local regulations, clinical 
guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or 
otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

https://dx.doi.org/10.1136/bmjopen-2021-059132
https://dx.doi.org/10.1136/bmjopen-2021-059132
https://dx.doi.org/10.1136/bmjopen-2021-059132
http://creativecommons.org/licenses/by-nc/4.0/


10 Patel HM, et al. BMJ Open 2022;12:e059132. doi:10.1136/bmjopen-2021-059132

Open access�

ORCID iD
Hemesh Mahesh Patel http://orcid.org/0000-0001-7980-3786

REFERENCES
	 1	 Coronavirus world map: tracking the global outbreak, 2021. The new 

York times. Available: https://www.nytimes.com/interactive/2021/us/​
covid-cases.html

	 2	 Raisi-Estabragh Z, McCracken C, Bethell MS, et al. Greater risk of 
severe COVID-19 in Black, Asian and Minority Ethnic populations 
is not explained by cardiometabolic, socioeconomic or behavioural 
factors, or by 25(OH)-vitamin D status: study of 1326 cases from the 
UK Biobank. J Public Health 2020;42:451–60.

	 3	 Aldridge RW, Lewer D, Katikireddi SV, et al. Black, Asian and 
minority ethnic groups in England are at increased risk of death from 
COVID-19: indirect standardisation of NHS mortality data. Wellcome 
Open Res 2020;5:88.

	 4	 Vepa A, Bae JP, Ahmed F, et al. COVID-19 and ethnicity: a novel 
pathophysiological role for inflammation. Diabetes Metab Syndr 
2020;14:1043–51.

	 5	 Baqui P, Bica I, Marra V, et al. Ethnic and regional variations in 
hospital mortality from COVID-19 in Brazil: a cross-sectional 
observational study. Lancet Glob Health 2020;8:e1018–26.

	 6	 Moore JT, Ricaldi JN, Rose CE, et al. Disparities in incidence of 
COVID-19 among underrepresented Racial/Ethnic groups in counties 
identified as hotspots during June 5-18, 2020 - 22 States, February-
June 2020. MMWR Morb Mortal Wkly Rep 2020;69:1122–6.

	 7	 Wang D, Gee GC, Bahiru E, et al. Asian-Americans and Pacific 
Islanders in COVID-19: emerging disparities amid discrimination. 
 J Gen Intern Med 2020;35:3685–8.

	 8	 Lopez L, Hart LH, Katz MH. Racial and ethnic health disparities 
related to COVID-19. JAMA 2021;325:719–20.

	 9	 Azar KMJ, Shen Z, Romanelli RJ, et al. Disparities in outcomes 
among COVID-19 patients in a large health care system in California. 
Health Aff 2020;39:1253–62.

	10	 Macias Gil R, Marcelin JR, Zuniga-Blanco B, et al. COVID-19 
pandemic: disparate health impact on the Hispanic/Latinx population 
in the United States. J Infect Dis 2020;222:1592–5.

	11	 Apea VJ, Wan YI, Dhairyawan R, et al. Ethnicity and outcomes in 
patients hospitalised with COVID-19 infection in East London: an 
observational cohort study. BMJ Open 2021;11:e042140–11.

	12	 Vahidy FS, Nicolas JC, Meeks JR, et al. Racial and ethnic disparities 
in SARS-CoV-2 pandemic: analysis of a COVID-19 observational 
registry for a diverse US metropolitan population. BMJ Open 
2020;10:39849.

	13	 Carethers JM. Insights into disparities observed with COVID-19. 
 J Intern Med 2021;289:463–73.

	14	 Singu S, Acharya A, Challagundla K, et al. Impact of social 
determinants of health on the emerging COVID-19 pandemic in the 
United States. Front Public Heal 2020;8:406.

	15	 Tartof SY, Qian L, Hong V, et al. Obesity and mortality among patients 
diagnosed with COVID-19: results from an integrated health care 
organization. Ann Intern Med 2020;173:773–81.

	16	 Petrakis D, Margină D, Tsarouhas K, et al. Obesity ‑ a risk factor for 
increased COVID‑19 prevalence, severity and lethality (Review). Mol 
Med Rep 2020;22:9–19.

	17	 Maurya R, Sebastian P, Namdeo M, et al. COVID-19 severity in 
obesity: leptin and inflammatory cytokine interplay in the link 
between high morbidity and mortality. Front Immunol 2021;12:1–11.

	18	 Busetto L, Bettini S, Fabris R, et al. Obesity and COVID-19: an Italian 
snapshot. Obesity 2020;28:1600–5.

	19	 Alyammahi SK, Abdin SM, Alhamad DW. The dynamic association 
between COVID-19 and chronic disorders: an updated insight into 
prevalence, mechanisms and therapeutic modalities, 2021.

	20	 Yates T, Summerfield A, Razieh C, et al. A population-based cohort 
study of obesity, ethnicity and COVID-19 mortality in 12.6 million 
adults in England. Nat Commun 2022;13:1–9.

	21	 Suzuki M, Murashima M, Hoerr SL. Appropriate body-mass index 
for Asian populations and its implications for policy and intervention 
strategies. Nutr Diet 2007;64:157–63.

	22	 Underlying medical conditions associated with higher risk for severe 
COVID-19: information for healthcare professionals. Centers for 
disease control and prevention. Available: https://www.cdc.gov/​
coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html

	23	 Yang S, Hemarajata P, Hilt EE. Investigation of SARS-CoV-2 epsilon 
variant and hospitalization status by genomic surveillance in a single 
large health system during the 2020-2021 winter surge in southern 
California. Am J Clin Pathol 2021:1–4.

	24	 Jose RJ, Manuel A, Disease DC. Disprove the obesity paradox in 
acute respiratory distress syndrome? Obesity 2019;28:1007.

	25	 YN N, Luo J, Yu H. Can body mass index predict clinical outcomes 
for patients with acute lung injury/acute respiratory distress 
syndrome? A meta-analysis. Crit Care 2017;21:1–10.

	26	 Biscarini S. The obesity paradox: analysis from the SMAtteo 
Covid-19 registry. Diabetes Metab Syndr 2020;14:337–9.

	27	 Lavie CJ, Coursin DB, Long MT. The obesity paradox in infections 
and implications for COVID-19. Mayo Clin Proc 2021;96:518–20.

	28	 Peeters A. Journals should no longer accept ‘obesity paradox’ 
articles. Int J Obes 2018;42:584–5.

	29	 Preston SH, Stokes A. Obesity paradox: conditioning on disease 
enhances biases in estimating the mortality risks of obesity. 
Epidemiology 2014;25:454–61.

	30	 Vansteelandt S. Asking too much of epidemiologic studies: the 
problem of Collider bias and the obesity paradox. Epidemiology 
2017;28:e47–9.

	31	 Martín-Ponce E, Santolaria F, Alemán-Valls M-R, et al. Factors 
involved in the paradox of reverse epidemiology. Clin Nutr 
2010;29:501–6.

	32	 Nazare J-A, Smith JD, Borel A-L, et al. Ethnic influences on the 
relations between abdominal subcutaneous and visceral adiposity, 
liver fat, and cardiometabolic risk profile: the International study 
of prediction of intra-abdominal adiposity and its relationship with 
cardiometabolic Risk/Intra-Abdominal adiposity. Am J Clin Nutr 
2012;96:714–26.

	33	 Krams IA, Luoto S, Rantala MJ, et al. COVID-19: fat, obesity, 
inflammation, ethnicity, and sex differences. Pathogens 
2020;9:887–10.

	34	 Agbim U, Carr RM, Pickett-Blakely O, et al. Ethnic disparities in 
adiposity: focus on non-alcoholic fatty liver disease, visceral, and 
generalized obesity. Curr Obes Rep 2019;8:243–54.

	35	 Favre G, Legueult K, Pradier C, et al. Visceral fat is associated to the 
severity of COVID-19. Diabetes Metab Syndr 2020;14:337–9.

	36	 Tchernof A, Després J-P. Pathophysiology of human visceral obesity: 
an update. Physiol Rev 2013;93:359–404.

	37	 Cervantes A, Singh RG, Kim JU, et al. Relationship of 
anthropometric indices to abdominal body composition: a multi-
ethnic New Zealand magnetic resonance imaging study. J Clin Med 
Res 2019;11:435–46.

	38	 Neeland IJ, Ross R, Després J-P, et al. Visceral and ectopic fat, 
atherosclerosis, and cardiometabolic disease: a position statement. 
Lancet Diabetes Endocrinol 2019;7:715–25.

	39	 Kopel J, Perisetti A, Roghani A, et al. Racial and gender-based 
differences in COVID-19. Front Public Health 2020;8:418.

	40	 Stanford FC, Lee M, Hur C, Race HC. Race, ethnicity, sex, and 
obesity: is it time to personalize the scale? Mayo Clin Proc 
2019;94:362–3.

	41	 Athavale P, Kumar V, Clark J, et al. Differential impact of COVID-19 
risk factors on ethnicities in the United States. Front Public Health 
2021;9:1–16.

	42	 Qian AS, Schiaffino MK, Nalawade V, et al. Disparities in telemedicine 
during COVID-19. Cancer Med 2022;11:1192–201.

	43	 Wegermann K, Wilder JM, Parish A, et al. Racial and socioeconomic 
disparities in utilization of telehealth in patients with liver disease 
during COVID-19. Dig Dis Sci 2022;67:93–9.

	44	 Chunara R, Zhao Y, Chen J, et al. Telemedicine and healthcare 
disparities: a cohort study in a large healthcare system in New York 
City during COVID-19. J Am Med Inform Assoc 2021;28:33–41.

	45	 Almandoz JP, Xie L, Schellinger JN, et al. Telehealth utilization among 
multi-ethnic patients with obesity during the COVID-19 pandemic. 
 J Telemed Telecare 2021:1357633X21998211.

http://orcid.org/0000-0001-7980-3786
https://www.nytimes.com/interactive/2021/us/covid-cases.html
https://www.nytimes.com/interactive/2021/us/covid-cases.html
http://dx.doi.org/10.1093/pubmed/fdaa095
http://dx.doi.org/10.12688/wellcomeopenres.15922.2
http://dx.doi.org/10.12688/wellcomeopenres.15922.2
http://dx.doi.org/10.1016/j.dsx.2020.06.056
http://dx.doi.org/10.1016/S2214-109X(20)30285-0
http://dx.doi.org/10.15585/mmwr.mm6933e1
http://dx.doi.org/10.1007/s11606-020-06264-5
http://dx.doi.org/10.1001/jama.2020.26443
http://dx.doi.org/10.1377/hlthaff.2020.00598
http://dx.doi.org/10.1093/infdis/jiaa474
http://dx.doi.org/10.1136/bmjopen-2020-042140
http://dx.doi.org/10.1136/bmjopen-2020-039849
http://dx.doi.org/10.1111/joim.13199
http://dx.doi.org/10.3389/fpubh.2020.00406
http://dx.doi.org/10.7326/M20-3742
http://dx.doi.org/10.3892/mmr.2020.11127
http://dx.doi.org/10.3892/mmr.2020.11127
http://dx.doi.org/10.3389/fimmu.2021.649359
http://dx.doi.org/10.1002/oby.22918
http://dx.doi.org/10.1038/s41467-022-28248-1
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
http://dx.doi.org/10.1093/ajcp/aqab203
http://dx.doi.org/10.1002/oby.22835
http://dx.doi.org/10.1186/s13054-017-1615-3
http://dx.doi.org/10.1016/j.numecd.2020.07.047
http://dx.doi.org/10.1016/j.mayocp.2021.01.014
http://dx.doi.org/10.1038/ijo.2017.259
http://dx.doi.org/10.1097/EDE.0000000000000075
http://dx.doi.org/10.1097/EDE.0000000000000693
http://dx.doi.org/10.1016/j.clnu.2009.12.009
http://dx.doi.org/10.3945/ajcn.112.035758
http://dx.doi.org/10.3390/pathogens9110887
http://dx.doi.org/10.1007/s13679-019-00349-x
http://dx.doi.org/10.1016/j.metabol.2020.154440
http://dx.doi.org/10.1152/physrev.00033.2011
http://dx.doi.org/10.14740/jocmr3820
http://dx.doi.org/10.14740/jocmr3820
http://dx.doi.org/10.1016/S2213-8587(19)30084-1
http://dx.doi.org/10.3389/fpubh.2020.00418
http://dx.doi.org/10.1016/j.mayocp.2018.10.014
http://dx.doi.org/10.3389/fpubh.2021.743003
http://dx.doi.org/10.1002/cam4.4518
http://dx.doi.org/10.1007/s10620-021-06842-5
http://dx.doi.org/10.1093/jamia/ocaa217
http://dx.doi.org/10.1177/1357633X21998211

	Determining whether ethnic minorities with severe obesity face a disproportionate risk of serious disease and death from COVID-­19: outcomes from a Southern California-­based retrospective cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Exposure
	Outcomes
	Data analysis
	Patient and public involvement

	Results
	Study population
	Overall analyses of risk
	Interaction of ethnicity and BMI
	Utilisation of adjusted BMI categories in Asian patients
	Missing data

	Discussion
	Conclusions
	References


