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Abstract

Background and aims

Being metabolically unhealthy (MU) is defined as having either hypertension, hyperlipidemia, type 2
diabetes mellitus/pre-diabetes, or fatty liver disease. We aimed to determine if MU was associated with
severe COVID-19 pneumonia (severe disease).

Methods

We performed a single-center retrospective study between March 2020 and August 2021 for patients with
overweight or obesity hospitalized with COVID-19 pneumonia. Logistic regression analysis was utilized to
derive a risk score for severe disease. The accuracy of the model was assessed using the area under the
receiver operating characteristic curve (AUROCC) and bootstrap resampling.

Results

A total of 334 of 450 patients hospitalized with COVID-19 pneumonia (74.2%) were MU. Patients who were
MU had higher in-hospital mortality (10.5% vs. 2.6%) and longer length of hospitalization (median 6 vs. 4
days). MU was not associated with severe disease, p=0.311. On multivariable analysis, older age, male sex,
and Asian race were associated with severe disease. Not being vaccinated was associated with doubled odds
of severe disease. The AUROCC of the final model was 0.66 (95% CI: 0.60 to 0.71). The risk score at the lowest
quintile had a 33.1% to 65.5% predicted risk and a 58.7% observed risk of severe disease, whereas, at the
highest quintile, there was an 85.7% to 97.7% predicted risk and an 89.7% observed risk of severe disease.

Conclusion

Being MU was not a predictor of severe disease, even though mortality was higher despite having higher
rates of vaccination. This risk score may help to predict severe disease in hospitalized patients with obesity
or overweight. External validation is recommended.

Categories: Internal Medicine, Gastroenterology
Keywords: morbidity and mortality, risk calculators, metabolic disease, comorbid obesity, covid-19 pneumonia

Introduction

COVID-19 pneumonia, caused by the SARS-CoV-2 virus, emerged in late 2019 and quickly became a global
pandemic despite quarantine efforts [1]. Multiple studies have shown that obesity, and certain metabolic
conditions, such as type 2 diabetes mellitus (T2DM), are associated with severe COVID-19 pneumonia [2-
6]. Additionally, several risk scores have been developed to predict in-hospital mortality, severe disease
progression, and adverse outcomes from COVID-19 [7-9].

The concept of metabolic health has started to emerge within the past few years [10,11]. Metabolic
conditions include pre-diabetes, T2DM, hypertension, hyperlipidemia, and fatty liver. Although the
definitions of metabolic unhealthiness vary, it is generally defined as having at least one metabolic

condition [10, 12]. It is posited that metabolic unhealthiness increases the risk of disease severity in multiple
conditions as not all fat mass carries the same risk of complications [12]. A recent study, for example, showed
that being metabolically unhealthy increased the likelihood of progression to liver fibrosis in patients with
fatty liver [13]. Regarding COVID-19 pneumonia, few studies have examined the role of metabolic health

and disease severity [14].

Although obesity is an established risk factor for severe COVID-19 pneumonia, it remains unclear whether
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metabolic health plays a role as a risk factor. Therefore, we aimed to determine the association between
being metabolically unhealthy with severe or critical COVID-19 pneumonia, and in-hospital mortality in
patients with overweight or obesity. Finally, we aimed to derive risk scores to predict severe disease and
critical illness from COVID-19 pneumonia in this patient population. We hypothesized metabolic
unhealthiness would be predictive of severe, critical, and inpatient mortality from COVID-19 pneumonia.

Materials And Methods

Patient selection

The current study was approved by the Mayo Clinic Institutional Review Board. A waiver of informed consent
was obtained. The study followed the STROBE guidelines for observational studies, which has been provided
as a supplementary material [15].

Patients hospitalized with COVID-19 pneumonia between March 2020 and August 2021 were identified
using our institution’s registry of confirmed cases. A random selection of 450 adult patients, aged >/= 18
years of age, from the registry were enrolled. Patients were excluded from the cohort for the following

reasons: 1) having a body mass index (BMI) less than 25.0 kg/mZ, and 2) being immunocompromised (defined
as being a solid organ or bone marrow transplant recipient, receiving immunosuppressive medications or
chemotherapy, or having a history of an immunocompromised condition, such as human immunodeficiency
virus (HIV), severe combined immunodeficiency, etc. Patients with a normal BMI were excluded to
determine the impact of metabolic health, specifically, in patients with excess fat mass. A BMI >/= 30.0

kg/m?was defined as having obesity. Class I, II, and III obesity were defined as a BMI between 30.0 to 34.99

kg/mz, 35.00 to 39.99 kg/mz, and >/=40.00 kg/mz, respectively. Likewise, patients who were
immunocompromised were excluded as they represent a different subset of patients who likely have worse
outcomes. All patients had follow-up data from admission to discharge from the hospital.

Primary and secondary outcomes

Severe COVID-19 pneumonia (onward referred to as severe disease) was defined as per the National
Institutes of Health (NIH) COVID-19 treatment guidelines, including 1) oxygen saturation < 94 % on room
air, 2) a P:F (PaO2 (partial pressure of oxygen in the arterial blood)/FiO2 (fraction of inspired oxygen)) ratio <
300, 3) respiratory rate > 30, and 4) the presence of greater than 50% of lung infiltrates on chest imaging
[16]. The primary outcome was the development of severe disease during the hospitalization for COVID-19
pneumonia.

Secondary outcomes included in-hospital mortality from COVID-19 pneumonia, and other measures of
disease severity, including admission to the intensive care unit (ICU), need for endotracheal intubation,
initiation of vasopressors, development of atrial fibrillation with rapid ventricular response, initiation of
continuous renal replacement therapy (CRRT), need for extracorporeal membrane oxygenation (ECMO), and
length of hospital stay. The NIH guidelines define critical illness as respiratory failure, septic shock, and/or
multiple organ dysfunction [16]. A secondary composite outcome was employed and included all binary
secondary outcomes except death. This secondary composite outcome was termed critical illness.

Risk score development and statistical analysis

All variables were collected retrospectively. Demographic data included age at admission, sex category (male
or female), race and ethnicity, smoking status, and BMI. The presence of metabolic disorders prior to
admission was recorded and included hypertension, hyperlipidemia, T2DM or pre-diabetes, and the
presence of fatty liver. The presence of hypertension, hyperlipidemia, and T2DM was determined through
ICD-10-CM codes and a retrospective review of clinical notes. A diagnosis of pre-diabetes was determined
by a hemoglobin A1C between 5.8 to 6.4%. The presence of fatty liver was determined by a review of prior
abdominal imaging reports. Having at least one metabolic disorder was defined as being metabolically
unhealthy (MU).

The presence of pulmonary disease was recorded and included obstructive sleep apnea, asthma, chronic
obstructive pulmonary disease (COPD), or other conditions. The other conditions included prior histories of
lobectomy, interstitial lung disease or idiopathic pulmonary fibrosis, or pulmonary hypertension.
Treatments intended to target COVID-19 were recorded and included remdesivir, convalescent plasma,
immunomodulators (tocilizumab, baricitinib, and lenzilumab), and corticosteroids (methylprednisolone,
dexamethasone, etc.).

The selection criteria for the varied treatment options changed over time during the study period as new
therapies emerged during the COVID-19 pandemic. In general, however, remdesivir was given to all patients
without a contraindication (such as an estimated glomerular filtration rate (eGFR) < 30 mL/min or elevated
transaminases), corticosteroids for patients with an oxygen requirement of > 4 L per nasal cannula, the use
of convalescent plasma in patients with non-reactive antibody titers to the spike antigen, and the use of
immunomodulators for refractory cases with evidence of cytokine release storm.
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Sum of Score Coefficient
[-2.4193, -2.0645)
[-2.0645]

(-2.0645, -1.6631]
(-1.6631, -1.290]

(-1.290, 0.389]

Baseline characteristics were reported using descriptive statistics summarized as medians and interquartile
ranges, or fractions and percentages for continuous and categorical variables, respectively. Wilcoxon Rank
Sum and Fisher’s Exact tests were utilized to determine associations with metabolic status. Multivariable
logistic regression was performed to adjust for potential confounders and to identify predictors for severe
disease. Variables with the highest p-values were sequentially removed until removal led to less than a 1-
point reduction in the Akaike information criterion (AIC). The accuracy of the model was calculated using
bootstrap resampling estimates of the area under the receiver operating characteristic curve (AUROCC).
Secondary analyses for critical illness and in-hospital mortality were performed utilizing bivariable logistic
regression analyses. A separate risk score for critical illness was also derived through the same method.

All tests performed were two-sided, and the statistical significance was set at a p-value < 0.05. Using an
alpha of 0.05, a beta of 0.80, and a baseline incidence of critical COVID-19 pneumonia of 20% in patients
with obesity, we estimated a sample size of 398 patients would be needed to show a 10% reduction in the
rate of critical illness in metabolically healthy patients. SPSS Statistics for Windows, Version 28.0 (Armonk,
USA: IBM Corp) was used for the statistical analyses.

Results
Patient characteristics

A total of 450 patients with overweight or obesity hospitalized with COVID-19 pneumonia were included in
the derivation of the risk score (Table 7). The median age at hospitalization was 61.7 years (interquartile
range [IQR]: 51.2 - 72.7 years) and 62.4% were male. About half of the patients were between the ages of 40 -
64 years (Figure 7). The median BMI was 31.1 kg/m2 (28.0 - 35.1 kg/m2) and about 75% of patients were
between 25.0 to 34.99 kg/m2 (Figure 2). 74.2% of patients were considered MU. The most common metabolic
conditions were hypertension (64.4%) and hyperlipidemia (50.9%). The fraction of patients considered MU
increased with increasing BMI (Figure 53). A total of 343 out of 450 patients (76.2%) had severe disease. The
in-hospital mortality rate from COVID-19 pneumonia was 8.4%.

Proportion Critical COVID-19 Pneumonia (95% CI)
0.082 (0.027, 0.181)
0.113 (0.063, 0.182)
0.149 (0.082, 0.242)
0.207 (0.138, 0.289)

0.281 (0.170, 0.415)

TABLE 1: Observed Proportion of Critical lliness from COVID-19 Pneumonia According to the
Sum of the Score Coefficients

COVID-19, coronavirus disease of 2019; 95% Cl, 95% confidence interval
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Age Group

18-39
W 40-49
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FIGURE 1: Age Distribution of Patients Hospitalized with COVID-19
Pneumonia

COVID-19, coronavirus disease of 2019

BMI
Class

@595
202458
E5-20.58
E40+

39.78%

FIGURE 2: Body Mass Index Classification of Patients Hospitalized with
COVID-19 Pneumonia

COVID-19, coronavirus disease of 2019

2023 Cortés et al. Cureus 15(7): e42205. DOI 10.7759/cureus.42205 4 of 16


https://assets.cureus.com/uploads/figure/file/621599/lightbox_8f1edbf0e6a511ed81f77b89cfddef0c-Supplementary_Figure_1.png
https://assets.cureus.com/uploads/figure/file/621602/lightbox_d9587a00e6a511ed91d5978fe86830de-Supplementary_Figure_2.png

Cureus

Median (IQR) or Fraction (%)
Age, years

- Age Group 18-39
- Age Group 40-49
- Age Group 50-64
- Age Group 65-74
- Age Group 75+
Male sex
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- Asian Race
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Hispanic Ethnicity

Metabolic Status by BMI Class
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FIGURE 3: Metabolic Status by BMI Class in Patients Hospitalized with
COVID-19 Pneumonia

BMI, body mass index; COVID-19, coronavirus disease of 2019

Derivation of risk score

Age, male sex, hypertension, T2DM, and BMI group 40.0 kg/m2 or greater were the strongest predictors of
severe disease on bivariable logistic regression (Table 2). Being MU was not associated with severe disease,
p=0.311. However, every 1 increase in the number of metabolic conditions increased the likelihood of severe
disease by 24%, (OR 1.24, p = 0.0341). After inputting these variables into a multivariable model, and
subsequently removing those with the highest p-values, a nine-variable model was constructed (Table 3). In
this model, the three strongest predictors for severe disease included age between 65-74 years (OR 2.59, p =
0.0396), male sex (OR 1.64, p = 0.0324), and Asian race (OR 4.49, p = 0.0482). Not being vaccinated was
associated with a 124% increased likelihood of severe disease (OR 2.24, p = 0.0282).

All Patients N=450 Metabolically Healthy N=116 = Metabolically Unhealthy N=334 P value

61.7 (51.2-72.7)  54.4(46.2-64.4) 64.1(53.8-74.0) <0.001"

38 (8.4%) 22 (19.0%) 16 (4.8%)

64 (14.2%) 22 (19.0%) 42 (12.6%)

161 (35.8%) 43 (37.1%) 118 (35.3%)

93 (20.7%) 19 (16.4%) 72 (22.2%)

94 (20.9%) 10 (8.6%) 84 (25.1%)

281 (62.4%) 72 (62.1%) 209 (62.6%) 1.0002
0.589?

355/444 (80.0%) 87 (76.3%) 268 (81.2%)

55/444 (12.4%) 16 (14.0%) 39 (11.8%)

26/444 (5.9%) 9 (7.9%) 17 (5.2%)

8/444 (1.8%) 2 (1.8%) 6 (1.8%)

25 (5.6%) 5 (4.3%) 20 (6.0%) 0.6402
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Smoking Status 0.0062
- Never Smoker 283 (62.9%) 87 (75.0%) 196 (58.7%)

- Current Smoker 16 (3.6%) 3 (2.6%) 13 (3.9%)

- Former Smoker 151 (33.6%) 26 (22.4%) 125 (37.4%)

Body Mass Index, kg/m2 31.1(28.0-35.1) 30.1 (27.8-34.1) 31.5(28.2-35.6) 0.027"
Body Mass Index Classification 0.0562
- 25.00-29.99 179 (39.8%) 56 (48.3%) 123 (36.8%)

- 30.00-34.99 154 (34.2%) 36 (31.0%) 118 (35.3%)

- 35.00-39.99 65 (14.4%) 17 (14.7%) 48 (14.4%)

- 40.00+ 52 (11.6%) 7 (6.0%) 45 (13.5%)

Vaccinated for SARS-CoV-2 42 (9.3%) 4 (3.4%) 38 (11.4%) 0.0092

Metabolic Disorders

Hypertension 290 (64.4%) NA NA NA
Hyperlipidemia 229 (50.9%) NA NA NA
Type 2 Diabetes Mellitus 119 (26.4%) NA NA NA
Pre-Diabetes 16 (3.6%) NA NA NA
Fatty Liver 14 (3.1%) NA NA NA
Metabolically Unhealthy 334 (74.2%) NA NA NA
Number of Metabolic Disorders NA NA NA
1 109 (32.6%) NA NA NA
2 125 (37.4%) NA NA NA
3 91 (27.2%) NA NA NA
4 9 (2.7%) NA NA NA

Pulmonary Disease

Pulmonary Disease Present 128 (28.4%) 30 (25.9%) 98 (29.3%) 0.5512
- Obstructive Sleep Apnea 72 (56.3%) 15 (50.0%) 57 (58.2%) 0.5292
- Asthma 36 (28.1%) 15 (50.0%) 21 (21.4%) 0.0052
- COPD 24 (18.8%) 4 (13.3%) 20 (20.4%) 0.5932
- Other 12 (9.4%) 1(3.3%) 11 (11.2%) 0.2922

Treatments Received

Remdesivir 417 (92.7%) 107 (92.2%) 310 (92.8%) 0.8372
Convalescent Plasma 276 (61.3%) 72 (62.1%) 204 (61.1%) 0.9122
Corticosteroids 304 (67.6%) 75 (64.7%) 229 (68.6%) 0.4902
Immunomodulators 95 (21.1%) 26 (22.4%) 69 (20.7%) 0.693
Outcomes

Severe COVID-19 Pneumonia 343 (76.2%) 84 (72.4%) 259 (77.5%) 0.3112
In-hospital Mortality 38 (8.4%) 3(2.6%) 35 (10.5%) 0.0062
Secondary Outcome, Composite 73 (16.2%) 15 (12.9%) 58 (17.4%) 0.3082
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- Admitted to ICU

- Intubated

- Vasopressors Required

- Atrial Fibrillation with RVR
- CRRT

- ECMO

Length of stay, days

67 (14.9%)

34 (7.6%)
39 (8.7%)
20 (4.4%)
10 (2.2%)
5 (1.1%)

5 (4-9)

14 (12.1%)

6 (5.2%)
6 (5.2%)
3 (2.6%)
2 (1.7%)
1(0.9%)

4 (3-5)

53 (15.9%)

28 (8.4%)

33 (9.9%)

17 (5.1%)

8 (2.4%)

4(1.2%)

6 (4-11)

0.3662

0.3122
0.1302
0.3092
1.0002
1.000?

<0.001"

TABLE 2: Baseline Characteristics of All Patients Hospitalized with COVID-19 Pneumonia by

Metabolic Status

IQR, interquartile range; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CRRT, continuous renal replacement therapy; ECMO,

extracorporeal membrane oxygenation

1. Wilcoxon Rank Sum Test; 2. Fisher’'s Exact Test

Independent Variables

Age, per 10 years

Age Group 18-39 (reference)
Age Group 40-49

Age Group 50-64

Age Group 65-74

Age Group 75+

Male

Race, White (reference)
Race, Black

Race, Asian

Race, Other

Hispanic

Body Mass Index, per 5 kg/m?
BMI Group 25-29.99 (reference)
BMI Group 30-34.99

BMI Group 35-39.99

BMI Group 40.00+

Never Smoker (reference)
Current Smoker

Former Smoker

Pulmonary Disease

Bivariable Logistic Regression

Severe Disease
OR (95% Cl)
1.17 (1.00-1.35)
1.00 (ref.)

1.06 (0.46-2.49)
1.74 (0.81-3.74)
2.50 (1.06-5.91)
1.92 (0.84-4.42)
1.57 (1.01-2.44)
1.00 (ref.)

0.64 (0.35-1.18)
3.72 (0.86-16.07)
2.17 (0.26-17.89)
1.26 (0.26-3.45)
1.10 (0.92-1.30)
1.00 (ref.)

1.10 (0.67-1.82)
0.76 (0.40-1.41)
2.57 (1.03-6.43)
1.00 (ref.)

1.04 (0.33-3.34)
1.40 (0.87-3.34)

1.61 (0.96-2.70)

2023 Cortés et al. Cureus 15(7): e42205. DOI 10.7759/cureus.42205

P value

0.0401

NA

0.88

0.0365

0.1234

0.0447

NA

0.15

0.0785

0.47

0.65

0.31

NA

0.71

0.38

0.0429

NA

0.94

0.0696

Critical lliness
OR (95% ClI)
1.31(1.10-1.56)
1.00 (ref.)
1.21(0.28-5.13)
2.25 (0.64-7.85)
2.24 (0.61-8.25)
3.78 (1.06-13.45)
1.48 (0.86-2.55)
1.00 (ref.)

0.61 (0.25-1.50)
1.19 (0.43-3.29)
1.67 (0.33-8.49)
1.31 (0.48-3.62)
0.86 (0.70-1.07)
1.00 (ref.)

0.75 (0.42-1.34)
0.60 (0.26-1.37)
0.78 (0.33-1.80)
1.00 (ref.)

2.34 (0.78-7.06)
0.88 (0.51-1.53)

0.94 (0.54-1.65)

P value

0.0027

NA

0.80

0.21

0.22

0.0401

0.15

NA

0.29

0.73

0.54

0.60

0.18

NA

0.33

0.22

0.55

NA

0.13

0.65

0.83

In-hospital Mortality

OR (95% ClI)
1.60 (1.26-2.05)
1.00 (ref.)

1.19 (0.10-13.62)
2.45(0.30-19.75)
4.46 (0.55-36.11)
7.03 (0.89-55.21)
1.53 (0.74-3.16)
1.00 (ref.)

0.65 (0.19-2.21)
2.04 (0.66-6.33)
3.75(0.72-19.41)
0.44 (0.06-3.32)
0.67 (0.47-0.96)
1.00 (ref.)

0.55 (0.26-1.17)
0.23 (0.05-0.99)
0.44 (0.13-1.52)
1.00 (ref.)

1.69 (0.36-7.94)
1.21 (0.60-2.44)

1.03 (0.49-2.14)

P value

0.0002

NA

0.89

0.40

0.16

0.0638

0.26

NA

0.49

0.22

0.12

0.42

0.0279

NA

0.12

0.0488

0.19

NA

0.50

0.59

0.94
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Obstructive Sleep Apnea
Asthma

COPD

Vaccinated

Metabolically Unhealthy
Number of metabolic conditions
0 (reference)

1

2

3

4

Metabolic Conditions, per 1 condition
Hypertension

Hyperlipidemia

Pre-Diabetes

Type 2 Diabetes

Fatty Liver

Remdesivir

Convalescent Plasma
Corticosteroids

Immunomodulator

1.87 (0.75-4.66)
0.68 (0.26-1.78)
1.12 (0.34-3.65)
0.52 (0.27-1.03)

1.32 (0.81-2.13)

1.00 (ref.)

1.10 (0.61-2.00)
1.11 (0.62-1.97)
1.93 (0.99-3.92)
NA

1.24 (1.02-1.50)
1.59 (1.02-2.48)
1.13 (0.73-1.74)
0.93 (0.30-2.96)
1.76 (1.03-3.03)
4.18 (0.54-32.3)
5.07 (2.45-10.52)

2.70 (1.73-4.21)

17.86 (10.36-30.78)

4.21(1.97-9.00)

0.44

0.85

0.0597

0.26

NA

0.75

0.73

0.0608

NA

0.0341

0.0391

0.59

0.91

0.0389

0.17

<0.0001

<0.0001

<0.0001

0.0002

0.58 (0.22-1.53)
0.11 (0.01-0.85)
2.88 (1.00-8.28)
1.71 (0.80-3.66)

1.41 (0.77-2.61)

1.00 (ref.)

1.07 (0.50-2.32)
1.28 (0.62-2.64)
1.78 (0.85-3.73)
5.39 (1.30-22.34)
1.28 (1.03-1.61)
1.34 (0.78-2.30)
1.47 (0.89-2.45)
0.73 (0.16-3.28)
1.69 (0.99-2.88)
4.13 (1.39-12.29)
0.58 (0.25-1.34)
2.57 (1.42-4.64)
8.13 (3.20-20.63)

2.88 (1.68-4.94)

0.27

0.0347

0.0492

0.17

0.27

NA

0.85

0.50

0.13

0.0203

0.0281

0.29

0.14

0.68

0.0539

0.0108

0.20

0.0017

<0.0001

0.0001

0.62 (0.18-2.15)
NA

2.77 (0.74-10.37)
2.43 (1.00-5.92)

4.41 (1.33-14.62)

1.00 (ref.)

3.39 (0.98-15.59)
4.37 (1.37-19.44)
4.13 (1.19-19.06)
30.1 (5.4-194.6)
1.63 (1.21-2.25)
2.19 (0.98-4.90)
2.23 (1.10-4.54)
0.72 (0.09-5.57)
1.93 (0.97-3.84)
9.47 (3.10-28.96)
0.64 (0.21-1.94)
2.53 (1.13-5.66)
6.20 (1.87-20.51)

3.07 (1.54-6.11)

0.45

NA

0.13

0.0504

0.0153

NA

0.0729

0.0241

0.0375

<0.001

0.0017

0.0560

0.0269

0.75

0.0605

<0.0001

0.43

0.0237

<0.0001

0.0014

TABLE 3: Bivariable Logistic Regression to Predict Severe or Critical COVID-19 Pneumonia, and
In-hospital Mortality in Hospitalized Patients with Overweight or Obesity

OR, odds ratio; Cl, confidence interval; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; NA, not applicable
(for reference variables and for estimates of odds ratio that were not possible, including for four metabolic conditions under severe disease, and for asthma
under in-hospital mortality due to zero cell counts)

Accuracy of the risk score for severe disease

The sum of the score coefficients was subdivided into quintiles and the observed risk for severe disease was
calculated for our cohort (Table 4). The predicted risk of severe disease at the lowest quintile was 33.1% to
65.5%, and the observed risk was 58.7% (95% CI: 47.9 - 69.8%). At the highest quintile, the predicted risk was
85.7% to 97.7%, and the observed risk was 89.7% (95% CI: 79.9 - 95.9%). The AUROCC of the model was 0.66
(95% CI: 0.60 to 0.71) (Figure 4).
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(Intercept)

Age Group 40-49
Age Group 50-65
Age Group 65-74
Age Group 75
Male

Race, Asian
Vaccinated
Hypertension

Type 2 Diabetes

OR (95% CI) P Value Score Coefficient
1.13 (0.53-2.51) 0.749 +0.127
0.98 (0.40-2.34) 0.958 -0.0235
1.64 (0.73-3.57) 0.219 +0.494
2.59 (1.04-6.42) 0.0396 +0.950
1.98 (0.82-4.74) 0.126 +0.683
1.64 (1.04-2.59) 0.0324 +0.495
4.49 (1.25-28.8) 0.0482 +1.50
0.45 (0.22-0.93) 0.0282 -0.808
1.39 (0.86-2.26) 0.180 +0.332
1.40 (0.80-2.55) 0.248 +0.340

TABLE 4: Multivariable Logistic Regression to Derive a Risk Score to Predict Severe COVID-19
Pneumonia in Hospitalized Patients with Overweight or Obesity

Calculated Predicted Risk = 2.718 * (sum of score coefficient) / (1 + 2.718 * (sum of score coefficients)), AIC: 479.18, AUROCC: 0.658 (95%: 0.60 —

0.71)

AIC: Akaike information criterion; AUROCC: area under the receiver operating characteristic curve

Risk Score and Severe COVID-19 Pneumonia
in Patients with Overweight or Obesity
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FIGURE 4: Accuracy of the Risk Score to Predict Severe COVID-19
Pneumonia in Hospitalized Patients with Overweight or Obesity

COVID-19, coronavirus disease of 2019

In-hospital mortality and critical iliness

Older age, being a former cigarette smoker, having a higher BMI, having been vaccinated, and having lower
rates of asthma were associated with being MU. Patients who were MU had a higher rate of in-hospital
mortality from COVID-19 pneumonia (10.5% vs. 2.6%, p = 0.006), and longer length of hospitalization
(median 6, IQR: 4-11 vs. 4 IQR: 3-5, p < 0.001) than those who were metabolically healthy (MH) (Table

1). The secondary composite outcome, i.e., critical illness, was not associated with being MU, p = 0.308.
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On bivariable logistic regression analysis, metabolic diseases were associated with an increased likelihood of

critical illness and in-hospital mortality. Amongst all variables measured, having fatty liver was the
strongest predictor of in-hospital mortality (OR = 9.47, p < 0.0001). Hyperlipidemia was a significant

predictor of death, p = 0.0269, whereas hypertension and type 2 diabetes approached significance, p = 0.0560
and p = 0.0605, respectively. As the number of metabolic conditions increased, the odds of critical illness

(OR = 1.28, p=0.0281) and in-hospital mortality (OR = 1.63, p = 0.0017) increased for each additional
condition. Similarly, fatty liver and having four metabolic conditions were associated with an increased
likelihood of the secondary composite outcome, OR =4.13, p =0.0108 and OR = 5.39, p = 0.0203,

respectively. After adjusting for age, and BMI, the number of metabolic conditions remained significant for

in-hospital mortality and approached significance for critical illness (Figures 5-7).

Estimate

Variable N
Age per 10 years 450
BMI per 5 kg/m2 450

Metabolic Conditions, per1 450

1.16 (0.99, 1.37) 0.07

1.12 (0.94,1.36) 0.23

114 (0.93, 1.41) 0.21

w

FIGURE 5: Forest Plot of Multivariable Logistic Regression Model for
Severe Disease - Adjusted for Age and Body Mass Index.
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0.8

Variable N Estimate p
Age per 10 years 450 H—{ 1.23(1.02,1.49) 003
BMI per 5 kg/m2 450 E—I—| 0.88 (0.69,1.10) 0.29
Metabolic Conditions, per1 450 FI—{ 1.24 (0.98, 1.59) 0.08

FIGURE 6: Forest Plot of Multivariable Logistic Regression Model for
Severe Disease - Adjusted for Age and Body Mass Index.
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BMI per 5 kg/m2 450 | —m—| 0.67 (0.44,0.96) 0.041
Metabolic Conditions, per 1 450 -m—| 160 (120, 2.41) 0003

(=]
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FIGURE 7: Forest Plot of Multivariable Logistic Regression Model for In-
Hospital Mortality - Adjusted for Age and Body Mass Index.

After inputting the variables into a multivariable model, and subsequently removing those with the highest

p-values, a seven-variable model was constructed for critical illness (Table 5). In this model, the two

strongest predictors were age group 75 or older (OR 2.13, p = 0.019), and fatty liver (OR 4.20, p = 0.014). The
sum of the score coefficients was subdivided into five score groups as shown in Figure 8. The predicted risk

of critical illness in the lowest score group was 8.2% to 11.3%, and the observed risk was 8.2% (95% CI: 2.7 -
18.1%) (Table 6). In the highest risk group, the predicted risk was 23.1% to 54.4%, and the observed risk was

28.1% (95% CI: 17.0 - 41.5%). The AUROCC of the model was 0.65 (95% CI: 0.58 to 0.72).

Proportion Severe COVID-19 Pneumonia (95% CI)

0.587 (0.479, 0.698)
0.739 (0.651, 0.816)
0.800 (0.677, 0.892)
0.829 (0.746, 0.894)

0.897 (0.799, 0.959)

TABLE 5: Observed Proportion of Severe COVID-19 Pneumonia According to Quintile of the Sum
of the Score Coefficients

CQOVID-19, coronavirus disease of 2019; 95% CI, 95% confidence interval

2023 Cortés et al. Cureus 15(7): e42205. DOI 10.7759/cureus.42205

12 of 16


https://assets.cureus.com/uploads/figure/file/621621/lightbox_6446c580e6a711edbce2f1d8098714d0-death.png
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

(Intercept)

Age Group 65-74
Age Group 75
BMI 35 kg/m?
Race, Asian
Vaccinated
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Risk Score and Critical COVID-19 Pneumonia in
Patients with Overweight or Obesity
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FIGURE 8: Accuracy of the Risk Score to Predict Critical COVID-19
Pneumonia in Hospitalized Patients with Overweight or Obesity

COVID-19, coronavirus disease of 2019

OR (95% CI) P Value Score Coefficient
0.13 (0.08-0.20) < 0.001 - 2.0462
1.12 (0.54-2.20) 0.760 +0.1084
2.13 (1.13-4.00) 0.019 +0.7562
0.69 (0.34-1.31) 0.272 -0.3731
1.43 (0.45-3.82) 0.510 +0.3548
1.50 (0.64-3.29) 0.330 +0.4050
1.63 (0.91-2.87) 0.096 +0.4877
4.20 (1.27-13.21) 0.014 +1.4341

TABLE 6: Multivariable Logistic Regression to Derive a Risk Score to Predict Critical COVID-19
Pneumonia in Hospitalized Patients with Overweight or Obesity

Calculated Predicted Risk = 2.718 * (sum of score coefficient) / (1 + 2.718 * (sum of score coefficients)) AIC: 391.44, AUROCC: 0.650 (95% CI: 0.58-

0.72)

OR, odds ratio; Cl, confidence interval; BMI, body mass index; AIC: Akaike information criterion; AUROCC: area under the receiver operating characteristic

curve

Discussion

In our single-center cohort study of 450 patients with overweight or obesity, we found that being MU was
not associated with severe COVID-19 pneumonia. However, we found that being MU was associated with a
four-fold increased frequency of in-hospital mortality, despite higher rates of vaccination against SARS-
CoV-2. Our risk score showed that patients with overweight and obesity have an elevated baseline risk of
severe COVID-19 pneumonia of 58.7%. As the risk score increased, so did the observed rate of severe disease
in our cohort. In contrast, the baseline risk for critical illness was lower at 8.2%. Finally, we found a dose-
dependent association between the number of metabolic conditions and severe disease, critical illness, and
in-hospital mortality.

The association between metabolic status and disease severity from COVID-19 pneumonia has not been
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fully studied. Limitations of prior studies have included the use of national inpatient databases,
homogenous populations, and variable definitions for obesity and being MU. In a recent study from South
Korea, investigators concluded that metabolic health status plays a greater role in disease severity than
obesity [14]. The study utilized a national inpatient database of 4,069 patients hospitalized for COVID-19

pneumonia. Their definitions of obesity and being MU were a BMI >/= 25.0 kg/m® and three or more
metabolic conditions, respectively. Additionally, their definition for severe COVID-19 pneumonia did not
follow the NIH guidelines. They defined severe COVID-19 as a composite of ICU admission, invasive
mechanical ventilation, and ECMO, which precluded a distinction between severe and critical COVID-19
pneumonia. A similar study of 3,019 patients, published in Wuhan, China, had a higher threshold for the

definition of obesity (> 28.0 kg/mZ), and MU was defined as having at least one metabolic condition
[17]. Additionally, the study followed the NIH guidelines for severe and critical COVID-19 pneumonia.

Like these prior studies, our study found that being MU was associated with an increased risk of mortality. In
contrast, these studies did not evaluate the impact of MU on severe COVID-19 pneumonia. Similarly, a
dose-dependent association between the number of metabolic conditions and critical illness or mortality
was not explored. Fatty liver - another metabolic condition of increasing prevalence - was also not
evaluated. Compared to these studies, our study had a more heterogenous population, included patients
with overweight or obesity, considered MU as having at least one metabolic condition, and considerations
were made to vaccination status, treatments administered, and presence of pulmonary disease. Finally, we
were able to derive risk scores for severe disease and critical illness, specifically for patients with overweight
and obesity.

The main finding of our study was the dose-dependent association between the number of metabolic
conditions and the increased likelihood of severe COVID-19 pneumonia, critical illness, and in-hospital
mortality. These associations remained for critical illness and in-hospital mortality after adjusting for age
and BMI, suggesting metabolic conditions are independent of obesity. An explanation for this finding may be
the concept of metabolically healthy versus metabolically unhealthy obesity [18]. Human studies have
suggested that patients with obesity who are metabolically healthy (prevalence of 10-30% amongst patients
with obesity) have better adipose tissue function, less ectopic fat storage, and more insulin sensitivity than
MU patients [18]. Those patients who are MU have an increased level of circulating inflammatory markers,
including higher levels of C-reactive protein, progranulin, and chemerin, and lower levels of adiponectin and
neuregulin-4 [19].

A dysregulated immune response characterized by cytokine storm has been implicated as the
immunopathogenesis of severe COVID-19 pneumonia [20-23]. Given patients who are MU have a higher
reservoir of immunogenically active adipocytes, the observation that metabolic conditions were associated
with severe disease progression of COVID-19 may be an indirect observation of the underlying degree of
baseline inflammation in this patient population. Further studies with biochemical measurements of
baseline inflammation are needed to elucidate this association between metabolic health and the severity of
COVID-19 pneumonia.

Our study has several limitations. First, COVID-19 pneumonia was and remains a rapidly evolving disease
with fast-changing treatment algorithms. Given the rapid pace of drug and vaccine development, there
likely were variable treatments offered at the early onset of the pandemic compared to later in its course.
Treatments, such as baricitinib and tocilizumab, and vaccinations were not available for patients before
December 2021. In our cohort, less than 10% of patients were vaccinated as vaccines were only emerging by
August 2021. It is unclear if higher rates and longer times from vaccination may have decreased the risk of
severe COVID-19 pneumonia in this patient population.

Second, the retrospective nature of the study limited our ability to measure other measures of metabolic
disease, including waist circumference, and visceral adipose tissue, and measures of inflammation, such as
C-reactive protein, procalcitonin, and interleukin-6 levels. Similarly, the retrospective design prevented us
from comprehensively surveying each patient for the presence of each metabolic disorder, especially fatty
liver. Given the retrospective nature, we relied on the available laboratory and imaging diagnostics to
determine the presence of metabolic conditions. As such, we were unable to determine the presence of liver
disease in all patients given the lack of imaging. In addition, we were unable to obtain surrogates for central
adiposity, such as the waist circumference, that measure the amount of visceral adiposity.

Third, the definition of MU is not well established by expert guidelines. To improve inclusivity, we chose the
more inclusive definition of having at least one metabolic comorbidity to define metabolic unhealthiness.
With a stricter definition, such as having two or three metabolic conditions as the cutoff for MU, it is likely
we would have found a direct association between MU and severe COVID-19 pneumonia. Nonetheless, we
showed that as the number of metabolic conditions increased, so did the likelihood of severe COVID-19
pneumonia.

Fourth, the frequency of in-hospital mortality had low counts, which prevented us from deriving a risk score

using multivariable logistic regression to predict death from COVID-19 pneumonia in patients with
overweight and obesity. Finally, the frequency of severe COVID-19 pneumonia was relatively high in our
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patient population compared to previous studies. The reason for this finding is unclear but may be related to
selection bias as our tertiary care center cares for medically complex patients who may have additional
comorbidities that were not accounted for. Nonetheless, our study has demonstrated new and novel findings
related to disease severity based on metabolic health in patients with overweight or obesity hospitalized
with COVID-19 pneumonia.

Conclusions

Obesity is a well-recognized risk factor of severe COVID-19 pneumonia. The concept of metabolic health is
emerging as a novel idea to explain the discrepant observations in variable outcomes in patients with
obesity. Although obesity has been recognized as a risk factor for cardiovascular disease, diabetes, and other
metabolic conditions, not every patient with obesity develops these complications. In our study, we aimed
to determine the association of metabolic health with disease severity in patients hospitalized with COVID-
19 pneumonia. We showed that metabolic conditions have a dose-dependent association with severe
disease, critical illness, and in-hospital mortality, irrespective of age and BMI.

Although we did not show that being metabolically unhealthy was associated with disease severity, it is
likely that an alternative definition for metabolic unhealthiness is needed. Our risk scores have several
clinical implications, including reminding clinicians of the elevated baseline risk of severe COVID-19
pneumonia in patients with overweight or obesity, and further emphasizing the risk factors for disease
severity. Taken together, our findings suggest clinicians should be aware that metabolic status plays an
additive effect in severe disease progression from COVID-19 pneumonia. We recommend further validation
of these risk scores in heterogenous populations with updated treatment and vaccination guidelines.
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