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Background and aims: Corona virus diseases 2019 (COVID-19) pandemic spread rapidly. Growing evi-
dences that overweight and obesity which extent nearly a third of the world population were associated
with severe COVID-19. This study aimed to explore the association and risk of increased BMI and obesity
with composite poor outcome in COVID-19 adult patients.
Methods: We conducted a systematic literature search from PubMed and Embase database. We included
all original research articles in COVID-19 adult patients and obesity based on classification of Body Mass
Index (BMI) and composite poor outcome which consist of ICU admission, ARDS, severe COVID-19, use of
mechanical ventilation, hospital admission, and mortality.
Results: Sixteen studies were included in meta-analysis with 9 studies presented BMI as continuous
outcome and 10 studies presented BMI as dichotomous outcome (cut-off �30 kg/m2). COVID-19 patients
with composite poor outcome had higher BMI with mean difference 1.12 (95% CI, 0.67e1.57, P < 0.001).
Meanwhile, obesity was associated with composite poor outcome with odds ratio (OR) ¼ 1.78 (95% CI,
1.25e2.54, P < 0.001) Multivariate meta-regression showed the association between BMI and obesity on
composite poor outcome were affected by age, gender, DM type 2, and hypertension.
Conclusion: Obesity is a risk factor of composite poor outcome of COVID-19. On the other hand, COVID-19
patients with composite poor outcome have higher BMI. BMI is an important routine procedure that
should always be assessed in the management of COVID-19 patients and special attention should be
given to patients with obesity.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The World Health Organization (WHO) has announced COVID-
19 outbreak caused by SARS-CoV-2 as a global pandemic on
March 11, 2020. It has rapidly spread across China and many other
countries since its first emergence in Wuhan, China on December
2019. Currently, there are 21.294.845 confirmed cases globally with
the most cases in the European and American regions and total
761.779 deaths [1].
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COVID-19 exhibits high morbidity and mortality with fatal
complications such as ARDS, acute renal injury, shock, and acute
cardiac injury [2,3]. The elderly, people with underlying diseases,
and specific health conditions are more susceptible to infection and
prone to serious outcomes [4].

Obesity results in a dysregulated immune response to respira-
tory infections [5]. Obesity also has a great impact on normal lung
function. Fat deposits in obesity alter the mechanics of the lungs
and chest wall, thus reduce the compliance of the lungs. Many
studies also reported excess adiposity is associated with increased
production of inflammatory cells and induce airway hyper-
responsiveness (AHR). In a patient with ARDS, the work of
breathing is increased to meet the body’s oxygen need. This phys-
iological response is complicated by obese state. Thus, obesity may
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contribute to the increased morbidity associated with obesity in
COVID-19 infections [6].

2. Material and methods

2.1. Study selection and eligibility criteria

We included all original research articles with adult COVID-19
patients >18 years old and had information related to body mass
index both as categorical (cut-off �30 kg/m2) and continuous with
related poor outcome. Poor outcomewas defined as the presence of
one of the following criteria: ICU admission, ARDS, severe COVID-
19, use of mechanical ventilation, hospital admission, and mortal-
ity. No ethical approval will be needed because data from previous
published studies in which informed consent was obtained by
primary investigators will be retrieved and analysed. Original
research not published in English language, pediatrics subjects (age
<18 years old), not available in full text, review articles, and case
reports were excluded from this study.

2.2. Literature search

We conducted a systematic literature search from PubMed and
Fig. 1. Prisma
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Embase database. We use keywords: (1) “COVID-19” OR “SARS-
CoV-2 “AND “Obesity”, (2) “COVID-19” OR “SARS-CoV-2” AND
“Body Mass Index” OR “BMI”, and (3) “COVID-19” OR “SARS-CoV-2”
AND “Malnutrition”. We also performed hand searching and
explored the queries through the references cited in some articles
in order to include all relevant published articles. We conducted
literature research from April 11th and finalized on July 28th, 2020.
Duplicate results were removed. The remaining studies were
screened for relevance by title and abstract. Further reading and
investigation according to inclusion and exclusion was done to
search potential relevance studies. The reporting of this systematic
review and meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).
2.3. Data extraction

Data extraction was performed using standardized forms that
include generic information (first author, year, place), sample size,
study design, age, gender, and measured outcome. Obesity was
defined as BMI �30 kg/m2. Some studies with limited number of
poor outcomewas generalized as other composite poor outcome. In
addition, we also included age and comorbid factors which consist
flowchart.
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of hypertension, DM type 2, chronic kidney disease (CKD), malig-
nancy, cardiovascular disease (chronic heart failure and coronary
artery disease), lung disease (asthma, pulmonary hypertension,
chronic obstructive pulmonary disease) for meta-regression anal-
ysis. Data extraction was performed independently by two authors
(AYS and P).

2.4. Statistical analysis

Stata version 16 was used for data collection and meta-analysis.
Effect size for BMI as continuous outcome was calculated using
mean difference. Effect size for BMI as dichotomous outcome (cut-
off � 30 kg/m2) were reported as odds ratio using restricted
maximum likelihood (REML) with random effect model despite of
heterogeneity. Both BMI as continuous and dichotomous outcome
reportedwith its 95% confidence interval. Statistical significance set
at �0.05 with a two-tailed hypothesis. Funnel plots drawn to
evaluate the publication bias was conductedwhen there are at least
10 included studies. Further test for funnel plot asymmetry using
Egger’s test for continous effect size and Harbord’s test for
dichotomous effect size were conducted when publication bias
indicated. Meta-regression analysis was performed to examine the
impact of moderators which consist of age and other comorbid
factors.

3. Results

3.1. Study selection

Initial search yield 125 records from an electronic database and
Table 1
Characteristics of included studies.

Authors Study Design Setting Samples Age

Argenziano, 2020
[29]

Observational
retrospective

US 850 (236 vs
614)

N/A (62 vs.64) Me

Dreher M, 2020
[30]

Observational
prospective

Germany 50 (24 vs. 26) 65 (62 vs. 68) Med

Gregoriano, 2020
[31]

Observational
retrospective

Switzerland 99 (35 vs. 64) 67 (69 vs. 63.5) Me

Hur K, 2020 [32] Observational
Prospective

US 486 (138 vs.
348)

59 (65 vs. 57) Med

Kalligeros, 2020
[33]

Observational
retrospective

US 103 (44 vs. 59) 60 (61.5 vs 57) Me

Ortis-Brizuela,
2020 [34]

Observational
Prospective

Mexico 309 (140 vs.
169)

43 (49 vs. 39) Med

Ortis-Brizuela,
2020 [34]

Observational
Prospective

Mexico 140 (29 vs.
111)

43 (53 vs. 48) Med

Petrilli, 2020 [35] Observational
Prospective

US 2729 (990 vs.
1739)

63 (68 vs. 60) med

Simmonet A,
2020 [36]

Observational
retrospective

French 124 (85 vs. 39) 60 (60 vs. 60) med

Suleyman, 2020
[37]

Observational
retrospective

US 463 (355 vs.
108)

57.5 (61.4 vs. 44.8
Mean

Yu T, 2020 [38] Observational
retrospective

China 95 (24 vs. 71) 33.4 (45.92 vs. 35.
Mean

Cao J, 2020 [39] Observational
Prospective

China 102 (17 vs. 85) 54 (72 vs. 53) Med

Chen Q, 2020 [40] Observational
retrospective

China 145 (43 vs.
102)

47.5 (52.8 vs. 45.3)
median

Li X, 2020 [41] Observational
Prospective

China 548 (269 vs.
279)

60 (65 vs. 56) Med

Hu L, 2020 [42] Observational
retrospective

China 323 (172 vs.
151)

61 (N/A)

Stavros, 2020 [43] Observational
retrospective

US 124 (60 vs. 64) 64.5 (61.4 vs 67.6)
Mean

Data compared between poor outcome (þ) and outcome (�) group. DM: Diabetes Mellitus
Syndrome; N/A: Not available.

1899
24 records from hand-searching, respectively. Thirty-one records
identified as duplicate. As much as 82 records were excluded after
screening the title or abstract. After evaluating and assessing 36
potential studies, 20 studies were removed because: outcome of
interest not available (n ¼ 15), article not available (n ¼ 2), and
subjects didn’t meet inclusion criteria (n ¼ 3). Sixteen Studies were
included in this meta-analysis with 9 studies presented BMI as
continuous outcome and 10 studies presented BMI as dichotomous
outcome. The selection process is shown in Fig. 1.

3.2. Study characteristics

Therewere a total of 6690 patients from 16 studies with median
age 55.8 years old. Male was more frequent (58%) compared to
female (42%). Obesity prevalence ranged from 27.0% to 67.8%. Most
studies (68%) were conducted outside China (US, Germany,
Switzerland, Mexico, and French) and the remaining were con-
ducted in China (42%). ICU admission was the most frequent
outcome of interest (42%). Hypertension was the most frequent
comorbid (46.7%, n ¼ 15) followed by DM type 2 (41.3%, n ¼ 9). The
basic characteristics of the study are shown in Table 1.

3.3. Body mass index (BMI) and related poor outcome

Meta-analysis conducted from ten studies showed Obesity was
associated with related poor outcome with OR ¼ 1.78 (95% CI,
1.25e2.54, P < 0.001) with heterogeneity (I [2])¼ 79.91%. Subgroup
analysis showed obesity was associated with other poor outcome
(ARDS, severe COVID-19, use of mechanical ventilation, and hos-
pital admission) with OR ¼ 2.22 (95% CI, 1.40e3.53, P < 0.001) but
Male (%) Obesity DM(%) Hypertension
(%)

Measured
Outcome

dian 60.1 (66.9 vs
57.5)

38 (45.7 vs.
39.5)

26 (42.8 vs
37.8)

50.7 (66.9 vs.
59.8)

ICU Admission

ian 66 (62 vs. 69) 34 (46 vs. 23) 58 (63 vs. 54) 70 (67 vs. 73) ARDS

dian 63 (80 vs. 53) 27 (34 vs. 23) 22 (23 vs. 22) 57 (54 vs. 58) Severe COVID-
19

ian 55.8 (63.8 vs.
52.6)

34 (46 vs. 23) 58 (63 vs. 54) 70 (67 vs. 73) Mechanical
Ventilation

dian 61.2 (65.9 vs.
57.6)

47.5 (56.8 vs.
40.6)

36.8 (47.7 vs
28.8)

64 (70.4 vs
59.3)

ICU Admission

ian 59.2 (60.7 vs.
58.0)

39.6 (39.7 vs.
39.5)

13.3 (22.9 vs.
5.3)

19.7 (32.1 vs.
9.5)

Hospital
Admission

ian 60.8 (69 vs.
58.9)

35.7 (51.7 vs.
36.1)

22.8 (41.4 vs.
18)

32.1 (34.5 vs.
31.5)

ICU Admission

ian 61.3 (66.3 vs.
58.4)

39.6 (37.8 vs.
40.6)

34.7 (39.3 vs.
32)

62.0 (68.7 vs.
58.3)

ICU Admission

ian 73 (75 vs. 67) N/A 23 (27 vs. 13) 49 (56 vs. 32) Mechanical
Ventilation

) 44.1 (46.5 vs.
36.1)

76.8 (80.5 vs.
61.2)

38.4 (43.4 vs
20.4)

63.7 (72.7 vs
34.3)

Hospital
Admission

73) 55.7 (58.3 vs.
54.9)

N/A N/A N/A ARDS

ian 52 (76.5 vs
47.1)

N/A 10.8 (35.3 vs.
5.9)

27.5 (64.7 vs.
20)

Mortality

47.5 54.4 (53.5 vs.
54.9)

N/A 9.6 (16.3 vs.
6.9)

15.1 (20.9 vs.
12.7)

Severe COVID-
19

ian 50.9 (56.9 vs.
45.2)

N/A 15.1 (19.3 vs.
11.1)

30.3 (38.7 vs.
22.2

Severe COVID-
19

51.4 (52.9 vs.
49.7)

14.5 14.6 (19.1 vs.
9.3)

32.5 (38.3 vs.
25.8)

Severe COVID-
19

61.2 (68.3 vs
54)

N/A 29.8 (30 vs.
29.6

58 (50 vs.
65.6)

ICU Admission

type 2; US: United States ICU: Intensive Care Unit; ARDS: Acute Respiratory Distress
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not associated with ICU admission with OR ¼ 1.31 (95% CI,
0.87e1.99, P ¼ 0.21). Meta-analysis conducted from nine studies
presented BMI as continuous data (kg/m2) showed higher BMI was
associated with related poor outcome with mean difference ¼ 1.12
(95% CI, 0.67e1.57, P < 0.001) with heterogeneity (I [2]) ¼ 20.96%.
Subgroup analysis showed higher BMI was associated with other
poor outcome (Mortality, ARDS, use of mechanical ventilation, and
hospital admission) withmean difference¼ 1.81 (95% CI, 0.46e3.17,
P < 0.001) and severe COVID-19 with mean difference ¼ 0.93 (95%
CI, 0.44e1.43, P < 0.001). However, higher BMI was not associated
with ICU admission with mean difference ¼ 0.61 (95% CI, �1.40 to
2.62, P ¼ 0.55). The results of meta-analysis are summarized in
Fig. 2 and Fig. 3.
3.4. Meta-regression

Meta-regression showed the association of obesity and related
poor outcomewas affected by age (P¼ 0.04), DM type 2 (P < 0.001),
hypertension (P < 0.01), and gender (P < 0.01). Meta-regression
showed the association of BMI and related poor outcome was
affected by age (P ¼ 0.01), DM type 2 (P ¼ 0.01), hypertension
(P ¼ 0.01), and gender (P ¼ 0.02). Other comorbids were not
included inmeta-regression due to limited data in available studies.
Meta-regression analysis were shown in Fig. 4.
Fig. 2. Forest plot presented BMI as dichotomous outcome with cut-off �30 kg/m2. Subg
associated with other poor outcomes (p < 0.001). Overall, obesity was associated with com
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3.5. Publication bias

The funnel plot graph for obesity showed asymmetrical non-
inverted funnel that may indicate the presence of publication bias
(see Fig. 5). Thus, a more formal evaluation of small study effect
using Harbord’s test was conducted. Harbord’s test showed
P ¼ 0.204 indicated that there were no evidence of small-study
effects.
4. Discussion

Body Mass Index (BMI) is used to classify obesity. BMI is calcu-
lated as the ratio of weight in kilograms to the square of height in
meters, expressed in units of kg/m2. According to WHO, BMI was
classified into six groups: underweight (<18.5 kg/m2), normal
(18.5e24.9 kg/m2), pre-obesity (25e29.9 kg/m2), obesity class I
(30e34.9 kg/m2), obesity class II (35e39.9 kg/m2), and obesity class
III (>40 kg/m2) [7]. The worldwide prevalence of overweight
(BMI� 25 kg/m2) and obesity has increased significantly and extent
that nearly a third of the world population. The trend in obesity has
increased in both adults and children of all ages with The American
and The Europeanwere two regions with the highest prevalence of
obesity [8,9]. Although China has similar incidence compared to US
[10]. Obesity can be seen as a pandemic. According to Centers for
Disease Control and Prevention (CDC), the age-adjusted prevalence
of obesity was 42.4% and 9.4% for severe obesity [11].
roup analysis showed obesity was not associated with ICU admission (p ¼ 0.21) but
posite poor outcomes (P < 0.001).
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This meta-analysis study showed that both higher BMI and
obesity were associated with related poor outcomes (ICU admis-
sion, ARDS, severe COVID-19, use of mechanical ventilation, hos-
pital admission, and mortality) in COVID-19 adult patients.
Furthermore, subgroup analysis showed that both higher BMI and
obesity were not associated with ICU admission but still associated
with other poor outcomes. ICU admission criteria may be difficult
to define clearly. Since it addressed not only administrative
guideline but also ethical and medico-legal aspect of patient care.
Thus, the interpretation results should be viewed carefully. Meta-
regression showed age, DM type 2, and hypertension were
inversely proportional with effect of higher BMI and obesity on
related poor outcome. This means the effect of higher BMI and
obesity was less in older, DM type 2, and hypertensive patients. It is
not certain why the meta-regression analysis results showed a
smaller effect of obesity and it should be addressed by further
existing literature. While many studies had proven the association
of both DM and hypertension on poor outcome, effect of gender
(male) should be noted [12,13]. This meta-analysis also showed the
Fig. 3. Forest plot presented with BMI as continuous outcome. Subgroup analysis showed ICU
severe COVID-19 (p < 0.001) and other poor outcomes (p < 0.001). Overall, higher BMI wa
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effect of higher BMI on poor outcomewas stronger inmale patients.
In contrast, effect of obesity was less in male patients. SARS-CoV-2
uses angiotensin-converting enzyme-2 (ACE2) expressed in the
lungs and other tissues, as the main entry point into the cells [14].
Sex hormonemay have a role in ACE-2 receptor expression. Healthy
young male have higher activity of ACE-2 [15]. In addition,
decreased oestrogen in post-menopausal women decrease ACE-2
expression [16]. This uncertainty should be addressed by the
existing literature in the future.

Previous data showed that obesity was present in nearly one-
third of hospitalizations and fatal cases during the 2009H1N1
pandemic and recognized as an independent risk factor for severity,
hospitalization, increased risk of transmission, and mortality of
influenza during the H1N1 pandemic in 2009 [17,18]. Therefore, it is
not surprising that higher BMI and obesity as is also associated with
poor outcome in SARS-CoV-2 infection as well.

Obesity has been identified as a significant risk factor for severe
disease following lower respiratory tract infections. Themechanical
effects of obesity can cause airway narrowing and increased
admission was not associated with BMI (p ¼ 0.55), but higher BMI was associated with
s associated with composite poor outcomes (P < 0.001).



Fig. 4. Meta-regression for increased BMI (AeD) and obesity (EeH) showed both the association of higher BMI and obesity were affected by age, DM type 2, hypertension, and
gender.
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Fig. 5. Funnel Plot showed asymmetrical non-inverted funnel. Harbord’s test was
conducted with p ¼ 0.204.
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resistance. In addition, airway narrowing in obesity correlates with
airway closure and airway hyperresponsiveness (AHR) [5]. Obesity
appears to be associated with a higher chance to developing res-
piratory complication and need for ICU admission and mechanical
ventilation [19]. COVID-19 can lead to potential airways threatening
and result in ARDS and respiratory failure [18]. Respiratory muscle
strength decreases and oxygen demand increase more than three-
fold due to increased airway resistance and chest wall mechanics
[20]. Increased oxygen consumption can lead to respiratory failure
and predispose the need for more oxygen support. In addition, due
to anatomical factor obese patients have a higher incidence difficult
mask ventilation compared to non-obese patients [21].

Other factor that probably explains the association between
obesity and poor outcome of COVID-19 is that obesity has a nega-
tive effect on the immune system and host defense mechanism
[22]. Adipose tissue involved in many physiologic and metabolic
processes as well as a reservoir for T lymphocytes and macro-
phages. Excess body fat reduces the response to antiviral agents
through poor T cell and macrophage functions [23]. In other hand,
obesity is also associated with chronic activation of the innate
immune system related to local and systemic inflammation [22]
Adipose tissues secrete adipokines differentially expressed be-
tween obese and lean subject. Patients who are obese experience
chronic alterations in circulating inflammatory mediators derived
from adipokines [24]. Other inflammatory mediators that are
increased in obesity include tumor necrosis factor alpha (TNF-a),
interleukin (IL-) 8 and IL-6, high-sensitivity C-reactive protein (hs-
CRP) and monocyte chemoattractant protein-1 (MCP-1) [6].
Increased inflammatory cytokines leading to cytokine storm was
also reported in some studies [25]. As proposed by Siddiqi, a mi-
nority of COVID-19 patients will transition into the third and most
severe stage of illness, which manifests as an extra-pulmonary
systemic hyper inflammation syndrome. In this stage, markers of
systemic inflammation appear to be elevated. COVID-19 infection
results in a decrease in helper, suppressor and regulatory T cell
counts. Inflammatory cytokines and biomarkers such as interleukin
(IL)-2, IL-6, IL-7, granulocyte-colony stimulating factor, macrophage
inflammatory protein 1-a, tumor necrosis factor-a, C reactive pro-
tein, ferritin, and D-dimer are significantly elevated in those pa-
tients with more severe disease [26]. It can be assumed that obese
COVID-19 patients more likely to fall to this stage.

At present, there is no definitive therapy for COVID-19 treat-
ment. Prevention of disease transmission remain most important
concern. The fact that prevalence of overweight and obesity extent
1903
nearly a third of the world population, seems like we have to face
two pandemics simultaneously. A healthy lifestyle, particularly
achieving ideal body weight, is very important in preventing and
reducing composite poor outcome including mortality if a person
contracted to COVID-19. Stakeholders have an obligation to
encourage the community to implement a healthy lifestyle to
reduce the prevalence of overweight and obesity especially during
COVID-19 pandemic.

4.1. Limitations

The measured outcomes (ICU admission, severe COVID-19,
ARDS) definition presented in this meta-analysis might be
different between each study. This may be due to the use of
different guidelines by each hospital across the world complicated
by the decision from the physicians in charge. Effect size for BMI as
continuous outcome was calculated using mean difference. How-
ever, Some studies reported median and interquartile-range (IQR)
instead of mean and standard deviation. In this case, we use
approximation formula from Wan et al. for sample size<50 and
Cochrane for sample size>50 [27,28].

5. Conclusion

Obesity is a risk factor of composite poor outcome of COVID-19.
BMI should always be assessed in all COVID-19 patient and special
attention should be given to patients with obesity.
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