Received: 9 July 2020

Revised: 16 August 2020

Accepted: 22 August 2020

DOI: 10.1111/cob.12414

ORIGINAL RESEARCH ARTICLE

OBESITY WILEY

COVID-19: Impact of obesity and diabetes on disease severity

Salman Al-Sabah'? |

Mohammad Jamal'? |

1COVID-19 Research Group, Jaber Al-Ahmad
Al-Sabah Hospital, Kuwait City, Kuwait

2College of Medicine, Kuwait University,
Kuwait City, Kuwait

Correspondence

Mohannad Al-Haddad, Jaber Al-Ahmed
Hospital, Kuwait City, 12037, Kuwait.
Email address:

Email: dr.mog8@hotmail.co.uk

Funding information

Kuwait Foundation for the Advancement of
Sciences, Grant/Award Number: Corona prop
35

1 | INTRODUCTION

Mohannad Al-Haddad*
Sulaiman Almazeedi?

| Sarah Al-Youha® |

Summary

The coronavirus disease 2019 (COVID-19) pandemic is straining the healthcare sys-
tem, particularly for patients with severe outcomes requiring admittance to the inten-
sive care unit (ICU). This study investigated the potential associations of obesity and
diabetes with COVID-19 severe outcomes, assessed as ICU admittance. Medical his-
tory, demographic and patient characteristics of a retrospective cohort (1158
patients) hospitalized with COVID-19 were analysed at a single centre in Kuwait.
Univariate and multivariate analyses were performed to explore the associations
between different variables and ICU admittance. Of 1158 hospitalized patients,
271 had diabetes, 236 had hypertension and 104 required admittance into the ICU.
From patients with available measurements, 157 had body mass index (BMI) =25 kg/
mZ. Univariate analysis showed that overweight, obesity class | and morbid obesity
were associated with ICU admittance. Patients with diabetes were more likely to be
admitted to the ICU. Two models for multivariate regression analysis assessed either
BMI or diabetes on ICU outcomes. In the BMI model, class | and morbid obesities
were associated with ICU admittance. In the diabetes model, diabetes was associated
with increased ICU admittance, whereas hypertension had a protective effect on ICU
admittance. In our cohort, overweight, obesity and diabetes in patients with COVID-

19 were associated with ICU admittance, increasing the risk of poor outcomes.
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shock and multiorgan failure, including acute renal failure and cardiac
injury caused by a cytokine storm, which increases the risk of mortal-

The outbreak and unprecedented spread of SARS-CoV-2, responsible
for COVID-19, has taken the world by storm since December 2019.
On March 11, 2020, the World Health Organization labelled the
COVID-19 outbreak as a pandemic.*

The novel coronavirus SARS-CoV-2 appears to affect certain indi-
viduals more severely than others. Most patients with SARS-CoV-2
infection have only mild or no symptoms; thus, they are considered to
have a mild form of the disease. However, some patients have devel-

oped life-threatening acute respiratory distress syndrome, septic
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ity by 15% to 20%.2

Various risk factors have been linked to the progression of
COVID-19. Recognition of such factors can help to highlight a
high-risk population and determine prevention strategies. Old age,
chronic disease, respiratory disease, and cardiovascular disease
have been studied intensively and found to have a significant asso-
ciation with the severity of COVID-19.2 Patients with obesity and
diabetes are also at risk of severe COVID-19 outcomes, which is
particularly important to healthcare workers considering the high
prevalence of these conditions in the Middle East, Europe, and the
United States.*>
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In this study, we explored the potential association of obesity and
diabetes with severe outcomes in patients hospitalized with SARS-

CoV-2 infection in Kuwait.

2 | MATERIALS AND METHODS

21 | Study design and data collection

This retrospective cohort study included 1158 patients previously
diagnosed with COVID-19, who were admitted to the Jaber Al-Ahmad
Al-Sabah hospital in Kuwait from 24 February to April 7, 2020. This
study is approved by Ministry of health Kuwait, ethical approval com-
mittee; Approval number: 1402/2020; Approval Date: March
29, 2020. Testing for COVID-19 was conducted via real-time reverse-
transcription polymerase chain reaction assays of nasal swab speci-
mens. Only patients with positive results were included in the study;
patients with negative or equivocal results were excluded.

Demographic data, including age, sex, body mass index (BMI),
fasting blood glucose level, systolic blood pressure, diastolic blood
pressure and past medical history, were extracted from the Jaber Al-
Ahmed Al-Sabah Hospital's electronic medical records. To maintain
confidentiality, these data were de-identified.

The subjects were classified according to their BMI as follows:
normal weight (BMI of 18.5-24.9 kg/m?), overweight (BMI of
25.0-29.9 kg/m?) and obese (BMI 230 kg/m?). The subjects with obe-
sity were further stratified into classes: class | obesity was defined as
a BMI of 30-34.9 kg/m?; class Il obesity, by a BMI of 35-39.9 kg/m?;
and morbid obesity, by a BMI 240 kg/m?® Hypertension was defined
as systolic blood pressure of 2130 mmHg or diastolic blood pressure
of 285 mmHg.” Prediabetes was defined as a fasting blood glucose
level of 100 to 126 mg/dL, and diabetes was defined as a fasting
blood glucose level of 2126 mg/dL.8

COVID-19 progression was defined as a patient's admission to
the intensive care unit (ICU) for more active systemic treatment, such
as systemic glucocorticoids or intravenous immunoglobulin, or for fur-
ther advanced respiratory support, such as mechanical ventilation or

extracorporeal membrane oxygenation.

2.2 | Statistical analysis

Categorical variables were summarized as percentages and analysed
with the chi-square test. Continuous variables were summarized as
medians with interquartile ranges (IQRs) and compared in Student's
t test or the nonparametric Mann-Whitney U test. Each promising var-
iable with a plausible biological reason for inclusion in further analysis
was verified for normal distribution using the Shapiro-Wilk and
Kolmogorov-Smirnov tests. Continuous score variables were set to
0 or 1 to represent the values below or above a predefined threshold
based on the literature; binary variables were also set at O or 1 (absent

Vs present, respectively).

What is already known about this subject?

e Obesity and diabetes are two major risk factors for
COVID-19 hospitalization

e People with Obesity and Diabetes are at higher risk for
severe illness

What this study adds

e Our findings indicate that more patients with obesity and
diabetes are likely to be admitted to the ICU as the pan-
demic continues. Hence, patients with COVID-19 with
underlying obesity or diabetes must be categorized as a

high-risk group.

Potential predictors for admission into the ICU were assessed
using univariate and multivariate logistic regression analyses, and
logistic regression models were adjusted for age and sex. Two multi-
variate models were constructed to consider the high association
between obesity and diabetes. The associations between the expo-
sure and outcomes were expressed in terms of the odds ratio (OR),
along with 95% confidence intervals (Cls). Goodness-of-fit analyses
of the models were performed using the C-statistic (area under the
receiver operating characteristic [ROC] curve) and 95% Cl. A 5%
level was considered statistically significant for all the statistical
tests. All statistical analyses were performed with R software
(R Project for Statistical Computing, Vienna, Austria; R Core
Team, 2019).

3 | RESULTS

3.1 | Characteristics of hospitalized patients

From 24 February to April 7, 2020, 1158 consecutive patients with
COVID-19 were treated at Jaber Al-Ahmed Al-Sabah Hospital. Of
these, 945 (81.6%) were male (mean agexSD [SD]:
41.5 + 13.5 years), and 213 (18.4%) were female (mean age *+ SD:
44.8 + 18.9 years). The majority of the patients were Indians (n = 550,
47.5%), 301 (26%) were Kuwaiti, and the remaining 307 patients were
of a different nationality. The most common symptoms of COVID-19
were cough (n = 344, 29.7%), chills (n = 327, 28.2%) and sore throat
(n =135, 11.7%).

The baseline characteristics of the study patients are listed in
Table 1 of patients with BMI measured at baseline (n = 727), 461
patients (39.8%) had BMI 225 kg/m?% 304 were overweight, 89 had
class | obesity, 40 had class Il obesity and 19. had morbid obesity.
Blood glucose measurements revealed that 314 (27.1%) of the
and 271 (23.4%) had diabetes.

patients had pre-diabetes
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TABLE 1 Characteristics of patients hospitalized with COVID-19

Characteristic Value?

Total 1158 (100%)

Age, years 40.5 (31.5-52.1)
Sex - Male 945 (81.6%)
BMI

Normal weight 266 (36.6%)
Overweight 304 (41.8%)
Class | obesity 98 (13.5%)
Class Il obesity 40 (5.5%)
Morbid obesity 19 (2.6%)
Fasting plasma glucose

Normal 573 (49.5%)
Pre-diabetes 314 (27.1%)
Diabetes 271 (23.4%)
Hypertension 236 (20.4%)
Systolic BP 127 (118-137)
Diastolic BP 80 (72-85)
ICU admission 104 (9%)
Death 40 (3.5%)

Abbreviations: BMI, body mass index; BP, blood pressure; COVID-19,
coronavirus disease 2019; ICU, intensive care unit.
#Values are expressed as medians (interquartile ranges) or as numbers (%).

Hypertension was diagnosed in 236 patients (20.4%). By the time of
the analysis, 104 patients (9%) had been admitted to the ICU for treat-
ment of COVID-19, and a total of 40 deaths had occurred (Table 1).

3.2 | Characteristics of patients admitted to ICU
The characteristics of patients admitted to ICU were compared with
those who did not require ICU care (Table 2). Among patients admit-
ted to the ICU, the median (IQR) blood glucose level was
147 (108-208) mg/dL. In contrast, the remaining 1054 patients who
did not require ICU care had significantly lower blood glucose levels
than those who required ICU care (median [IQR]: 98.6 [86.2-118]
mg/dL; P < .001). The patients admitted to the ICU were also signifi-
cantly older (median age [IQR]: 54 [46.4-63.4] years) than those who
did not require ICU care (median age [IQR]: 39.3 [30.7-50.4] years;
P < .001). The median BMI of patients admitted to ICU was also sta-
tistically significantly higher than those who did not require ICU care
(median [IQR]: 27.5 [25.3-31.4] kg/m? vs 26 [23-29] kg/m?, respec-
tively; P <.001). The number of patients with hypertension among
those admitted into ICU was significantly higher than those who were
not (16% vs 8.1%; P = .004).

All classifications of BMI that were higher than normal were asso-
ciated with admission to the ICU (P-value = .006). The association
between obesity, diabetes and hypertension was tested with the chi-

square test, which revealed a relationship between obesity and

OBESITY

diabetes (P-value <.001); we therefore decided to construct two pre-

dictive models for ICU progression.

3.3 | Univariate analysis for ICU admission

Potential predictors for admission into ICU, including age, BMI and dia-
betes status, were analysed using univariate logistic regression
(Table 3). Using BMI as the only predictor of ICU admission, the likeli-
hood of admission was approximately 2.5-fold higher in patients who
were overweight than in those with normal weight (OR = 2.45; 95% Cl:
1.26-4.74; P = .008). Patients with obesity were 3.5 and 5.2 times more
likely to be admitted to ICU than patients with normal weight,
depending on whether they had class | or morbid obesity, respectively
(OR: 3.51 [95% CI: 1.60-7.69] for class | obesity; and OR: 5.18 [95% Cl:
1.50-17.85] for morbid obesity). Diabetes was also an independent pre-
dictor for admission into the ICU (OR = 9.38; 95% Cl: 5.49-16.02;
P<.001). Other variables, including age, sex, hypertension, pre-diabetes
and class Il obesity were not significant predictors for ICU admission.

3.4 | Multivariate analysis for ICU admission
Considering the association between obesity and diabetes and exclud-
ing the potential confounding effect of these two variables on the out-
come, we constructed two multivariate logistic regression models of
prediction to accurately assess the associations of each condition with
ICU admittance (Figure 1). In the first multivariate analysis model, where
obesity was assessed, BMI (adjusted for age and sex) was significantly
associated with ICU admittance. In patients who were overweight with
class | or morbid obesities, the adjusted OR (AOR) were 1.91 (95% Cl:
0.94-3.84), 2.7 (95% Cl: 1.17-6.20) and 3.95 (95% CI: 1.00-15.2),
respectively (Figure 1). Sex was also identified as a risk factor for ICU
admission (AOR: 3.58 [95% Cl: 1.45-8.8]). On the other hand, hyperten-
sion reduced the risk of ICU admission by approximately 40% (AOR:
0.63; 95% Cl: 0.32-1.26; P = .025).

In the second multivariate analysis model of prediction, diabetes
(adjusted for age and sex) was associated with an increased the risk of
ICU admittance (AOR = 5.49; 95% ClI: 3.13-9.25, P<.001); however,
patients with pre-diabetes did not have an increased risk of ICU care
(AOR: 1.4 [95% ClI: 0.71-2.45]; Figure 1). Both multivariate models
were validated by calculating the area under the ROC curve, which
were > 0.800 for both multivariable models, indicating a good model

discrimination (Figures 2 and 3).

4 | DISCUSSION

This was the first retrospective cohort study in Kuwait and the Middle
East which analysed the potential association of obesity and diabetes
with COVID-19 disease severity. All patients in our cohort were
admitted to a single centre, where they underwent standardized sets

of investigations and received standardized treatment protocols.
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TABLE 2 Comparison of vitals and laboratory measurements between patients with COVID-19 with and without ICU admittance

ICU admittance®

Characteristic No (N = 1054) Yes (N = 104) P value
Age, years 39.3(30.7-50.4) 54.0 (46.4-63.4) <.001P
Sex - Male 274 (26%) 66 (63.5%)
Body Mass Index, kg/m? 26 (23-29) 27.5(25.3-31.4) <.001¢
Normal weight 253 (95.1%) 13 (4.9%) .006¢
Overweight 270 (88.8%) 34 (11.2%) .006°
Class | obesity 83 (84.7%) 15 (15.3%) .006¢
Class Il obesity 35 (87.5%) 5(12.5%) .006¢
Morbid obesity 15 (78.9%) 4(21.1%) .006°
Fasting Plasma Glucose, mg/dL 98.6 (86.2-118) 147 (108-208) <.001¢
Normal 554 (96.7%) 19 (3.3%) <.001¢
Pre-diabetes 295 (93.9%) 19 (6.1%) <.001°
Diabetes 205 (75.6%) 66 (24.4%) <.001¢
Hypertension 47 (8.14%) 24 (16%) .004¢
Systolic BP, mm Hg 127 (118-136) 126 (116-142)
Diastolic BP, mm Hg 80 (72-85) 73.5(65.6-82) <.001¢

Abbreviations: BP, blood pressure, COVID-19, coronavirus disease 2019; ICU, intensive care unit.

2Values are expressed as medians (interquartile ranges) or as numbers (%).

PStudent's t test.

“Chi-squared test.

dMann-Whitney U test.

TABLE 3 Univariable and multivariable analyses for obesity and other comorbidities, odds ratio adjusted by age and gender

Univariate Multivariate® Multivarite®

Characteristic Odds ratio (95% Cl) Adjusted odds ratio (95% Cl) P value Adjusted odds ratio (95% Cl) P value
Age (years) 1.06 (1.05-1.08) 1.07 (1.04-1.09) <.001 1.06 (1.04-1.08) <.001
Sex - Male 0.73(0.41-1.28) 3.58 (1.45-8.8) .005 2.23(1.18-4.22) .007
Body mass index
Normal weight Reference Reference Reference Reference Reference
Overweight 245 (1.26-4.74) .008 1.91(0.94-3.84) .07
Class | obesity 3.51(1.60-7.69) .002 2.7 (1.17-6.20) 019
Class Il obesity 2.78(0.93-8.27) 066 1.61 (0.50-5.15) 423
Morbid obesity 5.18 (1.50-17.85) .009 3.95(1.00-15.20) .046
Diabetes
Normal Reference Reference Reference Reference Reference
Pre-diabetes 1.87 (0.97-3.60) .058 1.4 (0.71-2.45) 324
Diabetes 9.38 (5.49-16.02) <.001 5.49 (3.13-9.65) <.001
Hypertension 0.73(0.42-1.26) .265 0.63(0.32-1.2¢) .025 0.51(0.28-0.91) 197

2Obesity multivariate model.
PDiabetes multivariate model.

In this study, univariate logistic regression analysis revealed that
BMI and diabetes were independent factors associated with ICU
admission. After adjusting for confounding factors, further multivari-
ate analysis confirmed these results, revealing that in our population,
diabetes and higher BMI were associated with ICU admittance. In

concordance with our findings, a study from a New York Hospital by

Lighter et al. demonstrated that patients with COVID-19 and BMI
between 30 and 34.9 were two times more likely to be admitted to
the acute critical care unit than patients without obesity.” In the same
vein, in a retrospective cohort of 124 patients in France, Simonnet et al
found a high prevalence of obesity among patients admitted to the
ICU.X° Although obesity is not as prevalent in China as in the Middle
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. | Risk factor present
Independent predictors Odds ratio (95% CI) L. P value
ICU admission/total no. (%)

Obesity model
Age 1.07 (1.05-1.09) <0.001
Male 3.58 (1.45-8.8) = & { 89/945 (9.4%) 0.005
Hypertension 0.63 (0.32-1.26) 17/236 (7.2%) 0.197
Normal weight Ref 13/266 (4.9%)
Overweight vs. Ref 1.91 (0.94-3.84) 34/304 (11.2%) 0.070
Class | vs. Ref 2.7 (1.17-6.20) : 5 = 15/98 (15.3%) 0.019
Class Il vs. Ref 1.61 (0.5-5.15) 5/40 (12.5%) 0.423
Morbid vs. Ref 3.95 (1-15.2) & : 419 (21.1%) 0.046
Diabetes model
Age 1.06 (1.04-1.08) <0.001
Male 2.23 (1.18-4.22) l—.—l 89/945 (9.4%) 0.013
Hypertension 0.51(0.28-0.91) I.-I 17 1236 (7.2%) 0.025
Normal Ref 19/573 (3.3%)
Prediabetes vs. Ref 1.4 (0.71-2.45) I--.—I 19/314 (6.1%) 0.324
Diabetes vs. Ref 5.49 (3.13-9.65) : = : 66/271 (24.4%) <0.001

FIGURE 1
unit; Ref, reference value
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FIGURE 2 Receiver operating characteristic curve for the BMI

multivariate model of prediction. BMI, body mass index

East, Peng et al. obtained similar results in a retrospective analysis of
112 patients with COVID-19, who were admitted to Wuhan Union
Hospital in Wuhan, China.*' When patients were divided into two
groups according to the severity of the disease (critical and general),
researchers observed that the BMI of the critical group was significantly
higher than that of the general group (25.5 [23.0-27.5] kg/m? vs 22.0
[20.0-24.0] kg/m?, respectively; P = .003).1* A recent meta-analysis by
Husain et al. also corroborated these observations.*?

Independent predictors of ICU admission from multivariate logistic regression analysis. Cl, confidence interval; ICU, intensive care
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FIGURE 3 Receiver operating characteristic curve for the
diabetes multivariate model of prediction

In our study sample, class Il obesity was not significantly associ-
ated with admittance to the ICU, though this could be attributed to
the small sample size and the fact that a large proportion of patients
in this class had no symptoms.

The association between diabetes and ICU admission seen in our
cohort using multivariate prediction analysis was not entirely surprising.
Patients with diabetes have a greater risk of severe COVID-19, as reported
in several studies; the higher risk of respiratory infections has been
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attributed to the compromised immune system, especially the innate
immunity, of patients with diabetes.?® Even transient hyperglycaemia may
temporarily affect the innate immune response to infection.**

The exact mechanism underlying obesity and diabetes contribut-
ing to severe outcomes among patients with COVID-19 is still unclear.
However, one explanation could be related to the fact that expression
of angiotensin-converting enzyme 2, the functional receptor for SARS-
CoV, is up-regulated in patients with obesity and diabetes.?® Further-
more, obesity and diabetes are linked with dysregulated lipid synthesis
and clearance, which can initiate or aggravate pulmonary inflammation
and injury.*® Mechanistic studies on this matter are required to eluci-
date the mechanism by which diabetes and obesity contribute to dis-
ease severity and poor outcomes among patients with COVID-19.

5 | CONCLUSION

The novel COVID-19 pandemic has created an unprecedented challenge in
health care, exacerbating the unavailability of medical resources throughout
the world. Bariatric surgeons have witnessed the rise of obesity and diabe-
tes in epidemic proportion and have come to realize the effect of this rise
on the medical care system. In our study, diabetes and BMI were associated
with severe COVID-19 outcomes, as assessed by the ICU admittance of
hospitalized patients. We acknowledge that our study had some limitations.
Given its retrospective nature, the unavailability of data as a result of omis-
sion or inadequate recording was a major limitation of this study. Another
limitation of this study was the relatively higher ratio of male to female
patients, which may limit the generalisability of the results to the popula-
tion. Another factor that may impact the applicability of these findings to
other populations, is the fact that obesity is quite different in the Middle
East and Asia, compared to the Western part of the world, both from an
epidemiological and physiological perspective.r”*® The relatively small size
of our sample population was another limitation. Thus, larger, multicentre
studies are required to confirm our findings, which will provide more robust
scientific evidence. Nevertheless, our findings indicate that more patients
with obesity and diabetes are likely to be admitted to the ICU as the pan-
demic continues. Hence, patients with COVID-19 with underlying obesity

or diabetes must be categorized as a high-risk group.
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