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Abstract

Obesity is a major risk factor for the development of severe coronavirus disease

2019 (COVID-19) infection and mortality. However, it is not known whether

patients with obesity are at a greater risk of developing postacute sequelae of

COVID-19 (PASC). In a median follow-up time of 8 months and counting from

30 days following a positive viral test of 2839 patients who did not require

intensive care unit admission and survived the acute phase of COVID-19, 1230

(43%) patients required medical diagnostic tests, 1255 (44%) patients underwent

hospital admission, and 29 (1%) patients died. Compared with patients with a

normal body mass index (BMI), the risk of hospital admission was 28% and 30%

higher in patients with moderate and severe obesity, respectively. The need for

diagnostic tests to assess different medical problems, compared with patients

with normal BMI, was 25% and 39% higher in patients with moderate and severe

obesity, respectively. The findings of this study suggest that moderate and

severe obesity (BMI ≥ 35 kg/m2) are associated with a greater risk of PASC.
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1 | INTRODUCTION

Emerging data indicate that some coronavirus disease 2019

(COVID-19) survivors experience symptoms beyond the usual

recovery time of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) infection. These symptoms and problems, collec-

tively called the postacute sequelae of COVID-19 (PASC), can

range from mild to disabling severity and can affect different body

organs and systems.1-4

Obesity is a major risk factor for development of severe

COVID-19 infection and mortality. Obesity, as a pro-

inflammatory and pro-thrombotic disease, can impair the immune

system, and is associated with cardiovascular, pulmonary and

metabolic disorders that can worsen the outcomes of COVID-19

infection during the acute phase.5-11 However, it is not known

whether patients with obesity are at a greater risk of

developing PASC.

2 | METHODS

This is a retrospective analysis of a prospective, observational, institu-

tional review board-approved clinical registry of all patients tested

positive by RT-PCR for SARS-CoV-2 infection within the Cleveland

Clinic Health System (CCHS) in a 5-month period from 11 March to

30 July 2020, with follow-up until 27 January 2021.

Patients who did not have their routine care at CCHS, patients with

missing baseline body mass index (BMI) data, a history of organ trans-

plant, active cancer, and current pregnancy at the time of positive testing,

and patients who died or required admission to the intensive care unit

(ICU) within the first 30 days after the positive viral test, were excluded.

Three prespecified outcomes of interest that occurred 30 days or

later after the first positive viral test included hospital admission, all-

cause mortality, and a composite variable of any diagnostic tests.

These outcomes, which collectively could indicate the presence of

PASC, were compared among patients with a BMI of 18.5 to 24.9
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(normal), 25 to 29.9 (overweight), 30 to 34.9 (mild obesity), 35 to 39.9

(moderate obesity) and 40 kg/m2 or higher (severe obesity).

Diagnostic tests were chosen to serve as a proxy for symptoms

and disorders related to different body organ systems and included

nervous system, cardiac, pulmonary, vascular, renal, hepatic, gastro-

intestinal, endocrine, haematological and mental health. The study

assumption was that patients probably had symptoms and problems

to a severe extent, which led to the ordering of diagnostic tests by

their medical team.

The five BMI groups were compared over time with first occur-

rence for the three outcomes of interest and individual groups of diag-

nostic tests for each body organ system using Kaplan-Meier

estimation and Cox proportional hazards models adjusted for age, sex,

race, ethnicity and smoking status. Stratified log-rank tests were used

to compare Kaplan-Meier curves. In the Cox model, the overall

P values comparing all five BMI groups were calculated and presented.

Additionally, normal BMI (18-24.9 kg/m2) was considered as a refer-

ence and adjusted hazard ratios (HRs) with 95% confidence intervals

(CIs) for comparison of other BMI groups with the reference group

were estimated. The proportionality assumption over time was evalu-

ated using weighted Schoenfeld residuals. A significance level of .05

for two-sided comparisons was considered statistically significant.

Given the observational nature of the study and the potential for type

1 error because of multiple comparisons, the findings should be inter-

preted as exploratory.

3 | RESULTS

In total, 2839 patients (52% female, 58% white, with a mean age

52.7 ± 20.1 years) who did not require ICU admission and survived

the acute phase of COVID-19 were included. In a median follow-

up time of 8 months and counting from 30 days following a posi-

tive viral test, 1230 (43%) patients required diagnostic tests, 1255

(44%) patients underwent hospital admission, and 29 (1%) patients

died. Assessments of pulmonary (23%) and cardiac (22%) problems

were the most common investigations in the follow-up of COVID-

19 survivors (Table 1).

Hospital admission rates in patients with normal BMI, overweight,

mild, moderate and severe obesity were 42%, 42%, 41%, 51% and

53%, respectively (Table 1 and Figure 1), with an HR of 1.30 (95% CI

1.06 to 1.59) for severe obesity versus normal BMI, and an HR of

1.28 (95% CI 1.05 to 1.56) for moderate obesity versus normal BMI

(P = .006) (Table 2 and Figure 2).

The rates of ordering diagnostic tests in patients with normal

BMI, overweight, mild, moderate and severe obesity were 41%, 41%,

42%, 47% and 51%, respectively (Table 1 and Figure 1), with an HR of

1.39 (95% CI 1.13 to 1.71) for severe obesity versus normal BMI, and

an HR of 1.25 (95% CI 1.02 to 1.53) for moderate obesity versus nor-

mal BMI (P = .004) (Table 2 and Figure 2).

Likewise, the need for diagnostic tests to assess cardiac

(P < .001), pulmonary (P = .026), vascular (P = .013), renal (P = .001),

gastrointestinal (P = .039) and mental health problems (P = .013) wasT
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significantly higher in patients with a BMI of 35 kg/m2 or higher com-

pared with normal BMI patients in adjusted analysis (Table 2).

Mortality rates were not significantly different among patients in

different BMI groups (P = .83) (Table 2, Figures 1 and 2).

4 | DISCUSSION

During the 10-month follow-up after the acute phase of COVID-19,

an additional 44% of patients required hospital admission and 1%

died. These findings suggest a profound magnitude of the public

health impact of PASC in the setting of worldwide infection.

Compared with patients with normal BMI, the risk of hospital

admission was 28% and 30% higher in patients with moderate and

severe obesity, respectively. The need for diagnostic tests, compared

with patients with normal BMI, was 25% and 39% higher in patients

with moderate and severe obesity, respectively. A similar pattern was

observed in ordering diagnostic tests to assess cardiac, pulmonary,

vascular, renal and gastrointestinal systems, as well as mental health.

These findings indirectly indicate that the signs and symptoms related

to these body organ systems were significantly more frequent in

patients with moderate and severe obesity compared with patients

with normal BMI. Collectively, the findings of this study suggest that

patients with obesity are at a greater risk of developing PASC. This

observation can be explained by all underlying mechanisms that dete-

riorate clinical outcomes during the acute phase of COVID-19 in

patients with obesity, including obesity-related hyperinflammation,

immune dysfunction and co-morbidities.5-11

Reports are emerging in the literature on different aspects of

PASC, including its epidemiology, risk factors, pathophysiology, clinical

pictures and consequences.1-4 Four months after hospitalization, in an

uncontrolled cohort study of 478 survivors of COVID-19, at least one

new-onset symptom was reported by telephone interview in 51%,

including fatigue (31%), cognitive symptoms (21%) and dyspnoea

(16%).1 Similarly, in a nationwide cohort study from the Veterans

Affairs healthcare system in the United States on 1775 survivors of

COVID-19 during the acute phase, 20% were readmitted, 9% died,

and 27% were readmitted or died by 60 days after their initial hospital

discharge. Survivors with 60-day readmission or death were older but

otherwise were similar to survivors without readmission or death.2 In a

large study of 1733 adult patients discharged from hospital after

recovering from COVID-19 in Wuhan, China, 76% of patients reported

at least one symptom at 6 months after COVID-19 onset. In multivari-

able analysis, women and patients with more severe COVID-19 during

the acute phase had a greater risk of PASC and persistent psychologi-

cal symptoms.4 Consistent with these reports, the current study shows

that PASC is an extremely common problem in COVID-19 survivors.

Additionally, this study, to our knowledge, for the first time suggests

the greater risk of PASC in patients with moderate to severe obesity.

This study has several limitations, including a retrospective design

from a single healthcare system, and the use of electronic medical

records to capture data. In addition, the underlying reasons for hospi-

talization, mortality, and the ordering of diagnostic tests during the

follow-up phase are not known, and could be related to conditions

unrelated to COVID-19. Furthermore, mild forms of PASC, such as

fatigue, muscle weakness, anxiety or sleep difficulties, which probably

did not warrant the ordering of diagnostic tests or hospitalizations,

were not captured. Moreover, the true prevalence of PASC among

COVID-19 patients remains unknown as many asymptomatic patients

F IGURE 1 Kaplan-Meier curves of COVID-19 survivors over time
to A, hospital admission, B, mortality, and C, the ordering of any
diagnostic test in five body mass index (BMI, kg/m2) groups. P values are
from the stratified log-rank tests for comparison of Kaplan-Meier curves
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have never been tested. Lastly, additional factors such as other pre-

existing medical conditions (e.g. hypertension, hyperlipidaemia, diabe-

tes, heart disease and chronic kidney disease), laboratory data

(e.g. HbA1c and serum creatinine) and pharmacological agents would

be important to include in our models as they are likely to increase

with BMI and potentially impact the outcomes of interest. The lack of

this information is a recognized limitation of our report. Future studies

are planned to evaluate the impact of these co-morbidities, laboratory

values and pharmacological agents on the outcomes of interest in

patients stratified by BMI category.

In conclusion, the findings of this study suggest that moderate

and severe obesity (BMI ≥ 35 kg/m2) is associated with a greater risk

of PASC. If it is confirmed by future studies that obesity is a major

risk factor for the development of PASC, then a long-term and rigor-

ous follow-up of patients with obesity after SARS-CoV-2 infection is

warranted.
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TABLE 2 Adjusted hazard ratios with 95% confidence intervals for study outcome comparisons of body mass index (BMI) groups at 30 or
more days

Factor BMI 25-29 vs. BMI 18-24.9

BMI 30-34 vs.

BMI 18-24.9 BMI 35-39 vs. BMI 18-24.9 BMI ≥40 vs. BMI 18-24.9 P value

Hospital admission 1.02 (0.86, 1.21) 0.99 (0.83, 1.19) 1.28 (1.05, 1.56) 1.30 (1.06, 1.59) .006

Mortality 0.57 (0.20, 1.61) 0.83 (0.29, 2.37) 1.13 (0.29, 4.50) 0.96 (0.19, 4.89) .83

Any diagnostic testa 1.00 (0.84, 1.19) 1.11 (0.92, 1.33) 1.25 (1.02, 1.53) 1.39 (1.13, 1.71) .004

Nervous system 0.89 (0.63, 1.27) 0.72 (0.48, 1.07) 0.90 (0.58, 1.39) 0.86 (0.54, 1.37) .60

Cardiac 1.13 (0.88, 1.44) 1.19 (0.92, 1.55) 1.36 (1.01, 1.81) 1.87 (1.41, 2.48) <.001

Pulmonary 1.03 (0.81, 1.30) 1.04 (0.81, 1.34) 1.29 (0.98, 1.70) 1.46 (1.10, 1.93) .026

Vascular 1.41 (0.84, 2.36) 1.14 (0.64, 2.02) 1.76 (0.99, 3.14) 2.43 (1.38, 4.27) .013

Renal 1.53 (0.91, 2.56) 2.00 (1.19, 3.38) 2.03 (1.12, 3.69) 3.22 (1.81, 5.74) .001

Hepatic 0.75 (0.38, 1.47) 0.63 (0.29, 1.37) 1.26 (0.60, 2.65) 1.44 (0.68, 3.05) .21

Gastrointestinal 1.24 (0.90, 1.73) 1.26 (0.89, 1.79) 1.52 (1.04, 2.22) 1.78 (1.21, 2.61) .039

Endocrine 1.39 (0.12, 15.55) 3.86 (0.43, 35.00) 4.29 (0.44, 42.17) 4.24 (0.37, 49.24) .53

Haematologic 0.78 (0.60, 1.01) 0.97 (0.74, 1.27) 0.83 (0.60, 1.15) 0.94 (0.67, 1.30) .33

Mental health 1.59 (0.40, 6.40) 2.42 (0.62, 9.45) 5.23 (1.43, 19.20) 5.55 (1.53, 20.14) .013

Note: Adjusted for age, sex, race, ethnicity and smoking status. Statistically significant differences are highlighted in bold.

In the Cox models, the overall P value comparing all five BMI groups was calculated and presented. Additionally, normal BMI (18-24.9 kg/m2) was

considered as a reference and adjusted hazard ratios with 95% confidence intervals for comparison of other BMI groups with the reference group were

estimated.
aAny diagnostic test includes any test ordered across the 10 specific systems.

F IGURE 2 Outcomes stratified by five body mass index (BMI)
groups: forest plot displaying adjusted hazard ratio (HR) and 95%
confidence interval (CI) for each of the BMI subgroups compared with
BMI 18 to 24.9 kg/m2 as a reference
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