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1 | INTRODUCTION

James Bena MS?

| Kevin M. Pantalone DO?® |

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/m?) are associated with a greater risk of PASC.
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2 | METHODS

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.l'4

Obesity is a major risk factor for development of severe
COVID-19

inflammatory and pro-thrombotic disease, can impair the immune

infection and mortality. Obesity, as a pro-
system, and is associated with cardiovascular, pulmonary and
metabolic disorders that can worsen the outcomes of COVID-19
infection during the acute phase.>** However, it is not known
risk of

whether patients with obesity are at a greater

developing PASC.

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

Diabetes Obes Metab. 2021;23:2183-2188.

wileyonlinelibrary.com/journal/dom

© 2021 John Wiley & Sons Ltd. | 2183


https://orcid.org/0000-0001-5756-9917
https://orcid.org/0000-0002-3897-4551
mailto:aminiaa@ccf.org
http://wileyonlinelibrary.com/journal/dom

AMINIAN ET AL.

28 | WILEY.

pSE (65°0) T (6£°0) € (90 ¥ (€zoc (910 T (cvolz auuoopuy
IO’ 1691) £ (9'7T) §S oz L (€€T) 91T (€°01) €9 (oeT) 89¢ [euns}uI0IISED
»LT (8€) €T (re)et 17 (€2)c (Te) 6 (L2)8 onedaH
-610° Hs6)ee (99) 5z VA 09z {(T'v) ST (€9) 08T [euay
LTT0 e1(C6) 1e (99) s (TP 9 (850 (9% 8T (9'5) 091 Jejnasep
8410} 0Z(€°62) 6 (£°52) L6 J(1'12) SET <(P'12) 98T (S12) €T (6°22) 619 Aseuow|nd
»100° ez1(C°0€) 20T (e'€7) 88 {(r'TT) LET <(8°02) 18T (6'8T) 91T (0z2) 29 oelpied
N4 To)1e (€6) s €L Ly (06)8L (7o1) 9 (06) SS¢ wi33sAS SNOAISN
SWID3SAS JUaIDLIp JO SS9 disouselq
»800° 21CT8) €LT (8'9%) LLT (rev) zLe (6°0%) 5G€ <(E'TY) £S5 (€ev) ogzT 459} d3souselp Auy
p9€ (680) € (6£0) € (r60) 9 (6909 (8T)1T (coT) 62 Ajjeron
>100"> ez1(£7CS) 8LT ez1(€TG) 6T <4(9°0%) 092 <(0Ch) 59€ < (T'Ch) 852 (¢v) sSCT uolssiwpe |e}idsoH
(p 0€<) sawoNO
ol€ (ForTT)CT8 (70T '20'T) 6L (70T '20°T) 0'8 (50T 'S0'T) T'8 (50T '20'T) 0'8 (50T '20'T) 08 (ow) dn-mojjo4
dn-mojjo4
(L1) 9z (g01) Tt (€01) 99 (6'6) 98 (Ten) vL (eoT) €6C Jpows Jua.LND
(zog) zot (9°62)ZTT (T0g) €61 (r'92) 62C (LL2)oLT (¥'82) 908 Jaxous Jauiod
(T'z9)ote (S'6S) s¢T (9°65) z8€ (8'€9) ¥SS (¢'09) 69¢ (€'T9) OVLT JanaN
,6E° snje3s Supjows
(96) 6T (62)0¢ (L6)29 (zor) 68 (L) Ly (£8) LvT dluedsiH
(rvé) 61€ (1'C6) 8ve (€°06) 6£5 (8'68) 08~ (€726) 995 (€'T6) T6ST dluedsiH-UoN
2SL0 Apiuy3
ez1(8'€) €T 21(8%) 8T ¢z1(0°6) ¢€ cpel6'G) TG epelGL) 97 (9'5) 09T SEI o)
(Tze)9LT (99v) 9LT (€'6€) TsT (£'82) 6¥C (c82)eLT (T'9€) 9201 uedsLaWY UedLyy//delg
(T¥0) 67T (£'8%) ¥8T (£'59) LS€ (5'59) 695 (€9 v6¢ (¢'85) €591 SUUM
>100™> RN
(r'2o) 8 (6£:0) € 1) 6 (c60) 8 (ST 6 (€1) LE B_y1o
(1'59) 0CC (8'75) LOT (9°6%) 81€ (TLv) oty (ovs) 1eE (€25) 9871 SlewaS
vez1(GCE) OTT (' iv) 891 S0°67) ¥1E (6°TG) T6¥ S(Svv) eL2 (rov) 91ET 3N
»>100"> Japuad
100"> ez109T F €9 671591 F 861 88T F €S ¢y 10T F G5 O VT FOVS 10T ¥1CS (A) 28y
soiydesSowaq
anjeA d (8€€ = N) Ov= (82€ = N) 6'6€-S€ (T¥9 = N) 6'v€-0€ (698 = N) 6'62-5¢ (€19 = N) 52> (6€8Z = N) [e30L Joyoey

sAep aJow 1o Qg 1e dnous (J|Ng) Xapul ssew Apog AQ SSW021N0 pue solsialdeseyd sulpseg T 379V L



WILEY_| 22

AMINIAN ET AL.
o

2 ., =
T O O
> N Q
a v
)

V] N
® T
R
z =
o 5 o
<

Al

o

N

™
I

L .
Z’~o"°.
0 +H o
o & g

i
® 3 3
umn

™

=

<

0
-
Z ®© o
- N ©
o <« -
< = Z
5
o
]

o

0

©
o

< o
Z'-.ri‘o.
N «H O
o ==
I
n
~

)
i . 0
1 23
s S o
n
N
v

o

)

-]
N
25
2 2 <
= O N
g3 °
[
i)
9]
3
c
2 —
G S =
Q g 5

e =
w = g <
- 8 & 2
muIz
(3]
<
=

Note: Statistics presented as mean + SD, median (min, max), N (column %). Statistically significant differences are highlighted in bold.

P value column represents the global comparisons: a = ANOVA, b

Kruskal-Wallis test, c = Pearson's chi-square test, d = Fisher's Exact test.

Post hoc pairwise comparisons were performed using Bonferroni adjustment (P < .005).

Diagnostic tests were chosen to serve as proxy for symptoms and disorders related to different body organ systems and included nervous system (computed tomography [CT] and magnetic resonance imaging

[MRI] of brain or spine, electroencephalogram, electromyography and lumbar puncture), cardiac (electrocardiogram, echocardiogram, cardiac stress test, nuclear scan, and catheterization, serum troponin and

creatine kinase myocardial band (CKMB)), pulmonary (chest x-ray, CT, pulmonary function test, spirometry and diffusing capacity of the lungs for carbon monoxide (DLCO)), vascular (serum D-dimer, lower

extremity duplex scan, lung ventilation-perfusion scan), renal (urine albumin, kidney ultrasound and biopsy), hepatic (antinuclear, antismooth muscle and antimitochondrial antibodies, viral hepatitis panel, liver
vascular ultrasound and liver biopsy), gastrointestinal (upper or lower endoscopy, CT of abdomen or pelvis, serum amylase, lipase), endocrine (serum C-peptide, ketons, hydroxybutyric acid, glutamic acid

decarboxylase and anti-islet antibody), haematologic (erythrocyte sedimentation rate (ESR), C-reactive protein, blood culture, and bone marrow aspiration and biopsy), and mental health (consult order to

psychology or psychiatry). Commonly ordered tests in daily clinical practice including complete blood counts, renal function tests, liver function tests, HbA1c, urinalysis and lipid panel were not considered.

Pairwise comparisons if overall comparisons are significant:

1Significant

y different from <25.

y different from 25 to 29.9.

y different from 30 to 34.9.

y different from 35 to 39.9.

y different from >40.

2Significant|

3Significant|

4Significant

SSignificant

*Any diagnostic test includes any test ordered across the 10 specific systems.

(normal), 25 to 29.9 (overweight), 30 to 34.9 (mild obesity), 35 to 39.9
(moderate obesity) and 40 kg/m? 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/m?) was considered as a refer-
ence and adjusted hazard ratios (HRs) with 95% confidence intervals
(Cls) 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% Cl
1.06 to 1.59) for severe obesity versus normal BMI, and an HR of
1.28 (95% ClI 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% Cl 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) was
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Number at risk
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BMI 35-39 378 302 207 56

BMI 30-34 641 522 365 100

BMI 25-29 869 706 507 172
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FIGURE 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/m?) groups. P values are
from the stratified log-rank tests for comparison of Kaplan-Meier curves

significantly higher in patients with a BMI of 35 kg/m? 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.>*

Reports are emerging in the literature on different aspects of
PASC, including its epidemiology, risk factors, pathophysiology, clinical
pictures and consequences.t™ 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%).* 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.? 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.* 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
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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
BMI 30-34 vs.
Factor BMI 25-29 vs. BMI 18-24.9 BMI 18-24.9
Hospital admission 1.02 (0.86, 1.21) 0.99 (0.83, 1.19)
Mortality 0.57 (0.20, 1.61) 0.83(0.29, 2.37)
Any diagnostic test® 1.00 (0.84, 1.19) 1.11 (0.92, 1.33)
Nervous system 0.89 (0.63, 1.27) 0.72(0.48, 1.07)
Cardiac 1.13(0.88, 1.44) 1.19 (0.92, 1.55)
Pulmonary 1.03 (0.81, 1.30) 1.04 (0.81, 1.34)
Vascular 1.41(0.84,2.36) 1.14 (0.64,2.02)
Renal 1.53(0.91, 2.56) 2.00(1.19, 3.38)
Hepatic 0.75(0.38, 1.47) 0.63(0.29, 1.37)
Gastrointestinal 1.24 (0.90, 1.73) 1.26 (0.89, 1.79)
Endocrine 1.39(0.12, 15.55) 3.86(0.43, 35.00)
Haematologic 0.78 (0.60, 1.01) 0.97 (0.74,1.27)
Mental health 1.59 (0.40, 6.40) 2.42(0.62, 9.45)

BMI 35-39 vs. BMI 18-24.9 BMI 240 vs. BMI 18-24.9 P value
1.28 (1.05, 1.56) 1.30 (1.06, 1.59) .006
1.13(0.29, 4.50) 0.96 (0.19, 4.89) .83
1.25(1.02,1.53) 1.39(1.13,1.71) .004
0.90(0.58, 1.39) 0.86 (0.54, 1.37) .60
1.36(1.01, 1.81) 1.87(1.41, 2.48) <.001
1.29(0.98, 1.70) 1.46(1.10, 1.93) .026
1.76 (0.99, 3.14) 2.43(1.38,4.27) .013
2.03(1.12, 3.69) 3.22(1.81,5.74) .001
1.26 (0.60, 2.65) 1.44 (0.68, 3.05) 21
1.52(1.04,2.22) 1.78(1.21, 2.61) .039
4.29 (0.44,42.17) 4.24 (0.37, 49.24) .53
0.83(0.60, 1.15) 0.94 (0.67, 1.30) .33
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/m?) 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.

2Any diagnostic test includes any test ordered across the 10 specific systems.

0.2 0.5 1.0 2.0 5.0
L 1 1 1 ]
Hospitalization HR (95% CI)
BMI: 18-24
BMI: 25-29 1.02 (0.86, 1.21)
BMI: 30-34 0.99(0.83,1.19)
BMI: 35-39 —— 1.28 (1.05, 1.56)
BMI: =40 —-— 1.30 (1.06, 1.59)
Mortality
BMI: 18-24 [ ]
BMI: 25-29 = 0.57 (0.20, 1.61)
BMI: 30-34 L 0.83(0.29, 2.37)
BMI: 35-39 L 1.13 (0.29, 4.50)
BMI: 240 0.96 (0.19, 4.89)
Diagnostic test
BMI: 18-24
BMI: 25-29 1.00 (0.84, 1.19)
BMI: 30-34 1.11 (0.92, 1.33)
BMI: 35-39 1.25(1.02, 1.53)
BMI: 240 —-— 1.39 (1.13,1.71)

0.2 0.5 1.0 2.0 5.0

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

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/m?) 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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