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What is already known?

- Obesity is associated with increased risk of respiratory complications in COVID-19 

- This association appears stronger in young than in old adults

 

What are the new findings in your manuscript? 

 Obesity is associated with an increased probability of non-respiratory complications, particularly shock 

and acute renal failure. 

- These associations seem stronger in young than in older adults.

 

 How might your results change the direction of research or the focus of clinical practice?

Strategies should be put in place in COVID-19 patients with obesity to prevent non-respiratory 

complications.

ABSTRACT

Objective: to assess the impact of obesity on non-respiratory complications in patients dying with COVID-

19. 

Methods: medical charts of 3,694 patients dying with COVID-19 in Italy were reviewed to extract 

information on demographics, pre-existing comorbidities, and in-hospital complications leading to death. 

Multivariate logistic regressions were performed to assess the association of obesity with non-respiratory 

complications. These analyses were adjusted for age, gender and number of pre-existing comorbidities.

Results: obesity was present in 411/3,694 (11.1%) patients dying with COVID-19. Obesity was significantly 

associated with increased probability of experiencing acute renal failure (adjusted Odds Ratio: 1.33; 95% 

CI: 1.04-1.71) and shock (adjusted OR: 1.54; 95% CI: 1.19-1.99). The associations of obesity with acute 

renal failure and shock were stronger in patients aged < 60 years (adjusted OR: 2.00; 95% CI: 1.09-3.67 

and OR: 2.37; 95% CI 1.29-4.36) than in those aged 60 years or older (adjusted OR: 1.20; 95% CI: 0.90-1.60 

and OR: 1.22; 95% CI: 0.91-1.65).

Conclusions: In patients dying with COVID-19 in Italy, obesity is associated with an increased probability 

of non-respiratory complications, particularly shock and acute renal failure. These associations seem 

stronger in young than in older adults. Strategies should be put in place in COVID-19 patients with obesity 

to prevent these complications. A
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Introduction

Obesity has been shown to increase the risk of mortality and Intensive Care Unit admission in 

patients with COVID-19 and this association appears stronger in younger than in older adults (1-3). 

Obesity can increase severity of respiratory complications by restricting ventilation, impeding diaphragm 

excursion and reducing immune responses to viral infection (4).

In addition, obesity can increase inflammatory response and facilitate the onset of the cytokine 

storm syndrome, which appears to have a role in increasing risk of Acute Distress Respiratory Syndrome 

(4). This hyperinflammatory state can also be associated with the onset of non-respiratory complications, 

which are commonly observed in patients dying with COVID-19. For example, 22% of patients dying with 

COVID-19 in Italy experience acute renal failure, 20% shock, 13% superinfection and 11% myocardial 

infarction (5). For this reason, we assessed the impact of obesity on non-respiratory complications in 

patients dying with COVID-19. 

Methods

At the outset of the COVID-19 outbreak, the Italian National Institute of Health (Istituto Superiore 

di Sanità – ISS) launched an integrated national surveillance system to collect information on all 

individuals with COVID-19 throughout the country. Data on all confirmed COVID-19 cases were obtained 

from all 19 Italian Regions and the two autonomous provinces of Trento and Bozen (6,7). All deaths 

occurring in patients with confirmed COVID-19 were tracked by the surveillance system. COVID-19 related 

deaths were defined as those occurring in patients who tested positive for SARS-CoV-2 through Reverse 

Transcription Polymerase Chain Reaction, independently from preexisting diseases that may have caused 

or contributed to death. The system was unable to collect detailed clinical data. Thus, Regions and 

autonomous provinces were asked to send ISS the medical charts of COVID-19 patients who died in-

hospital. These clinical charts were reviewed by a group of researchers of ISS to obtain more detailed 

information including demographics, pre-existing comorbidities and on complications leading to death. 

Data on the following COVID-19 related complications were collected: Acute Distress Respiratory 

Syndrome, acute renal failure, shock, superinfection and myocardial infarction. Information on pre-

existing conditions diagnosed before hospital admission was collected based on anamnestic data reported 

in the chart. 

As of July 9, 2020, 34,026 COVID-19 related deaths were reported in Italy (8) and 3,857 clinical 

charts were examined by ISS (11.3% of COVID-19 related deaths). These charts were selected to be 

representative of the regional distribution of COVID-19 related deaths. 
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From the initial sample of 3,857 patients dying with COVID-19 we excluded 163 patients because 

of missing data on demographics or COVID-19 related complications, leading to a final sample of 3,694. To 

compare characteristics of patients according to presence of obesity, we used t-tests for continuous 

variables and Chi-square test for categorical variables. Multivariate logistic regression model was used to 

assess the association of obesity with non-respiratory complications. Age, gender, number of pre-existing 

comorbidities, myocardial infarction, acute renal failure, superinfection and shock were included in the 

multivariate model. To address whether the associations between obesity and non-respiratory 

complications were similar across gender and age groups, we performed multivariate logistic regression 

models after stratifying the study cohort by gender and age (young adults: < 60 years and older adults: ≥ 

60 years).

Ethical issues 

On February 27th, 2020, the Italian Presidency of the Council of Ministers authorized the 

collection and scientific dissemination of data related to COVID-19 by the ISS and other public health 

institutions (9).

Results 

Obesity was present in 411/3,694 (11.1%) of patients dying with COVID-19. As shown in table 1, in 

the univariate analysis, patients with obesity were significantly younger than those without obesity and 

they had a significantly higher prevalence of acute renal failure, shock and superinfection. In the 

multivariate analysis, obesity was significantly associated with age (Odds Ratio: 0.95 per 1 year increment; 

95% Confidence Interval: 0.94-0.96), female gender (OR: 1.32; 95% CI: 1.05-1.66), acute renal failure (OR: 

1.33; 95% CI: 1.04-1.71) and shock (OR: 1.54; 95% CI: 1.19-1.99). As shown in table 2, when the 

multivariate analysis was stratified by age groups, that the associations of obesity with acute renal failure 

and shock were stronger in young (OR: 2.00; 95% CI: 1.09-3.67 and OR: 2.37; 95% CI 1.29-4.36) than in 

older adults (OR: 1.20; 95% CI: 0.90-1.60 and OR: 1.22; 95% CI: 0.91-1.65). In addition, the associations of 

obesity with acute renal failure and shock were stronger in men (OR: 1.36; 95% CI: 1.00-1.84 and OR: 

1.70; 95% CI 1.24-2.34) than in women (OR: 1.24; 95% CI: 0.79-1.96 and OR: 1.13; 95% CI: 0.70-1.80).

Discussion

We showed that, obesity, in addition to the known effect on COVID-19 respiratory complications, 

is associated with an increase probability of non-respiratory deaths. Obesity is a known risk factor for 

increased susceptibility to infections, sepsis, and infection-related mortality and this increased risk has 

been attributed to the state of chronic, low-grade inflammation that characterizes this condition (10).A
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Chronic inflammation, which accompanies obesity, can contribute, in patients with COVID-19, to 

trigger the inflammatory cascade that characterizes acute kidney failure and shock (4). Previous studies 

have suggested that obesity is a risk factor for a decline of glomerular filtration rate, albuminuria, onset 

and progression of kidney disease and that this effect is mediated by inflammation (11). Similarly, shock is 

observed in about 6% of patients with COVID-19 and inflammatory status seems to play a relevant role in 

the onset of this condition (12).

We show that the association of obesity with non-respiratory complications, namely acute renal 

failure and shock, is stronger in younger than in older adults. This finding confirms previous observations 

that suggested an obesity paradox in older persons with COVID-19, where higher BMI is associated with 

better outcomes when SARS-CoV-2 infection occurs (1-3).  

In adjusted analyses, obesity is associated with female gender in patients dying with COVID-19, 

but the association of obesity with acute renal failure and shock seems stronger in men than in women. 

These results were consistent after adjusting for potential confounders, which included age and pre-

existing comorbidities. This finding is in line with a previous study showing that obesity represents a risk 

factor for severe COVID-19 outcomes in men but not in women (13). Men are more likely to present with 

a visceral adipose tissue distribution, which is associated with higher levels of inflammation, and, 

therefore, with an higher risk of COVID-19 complications (14).  

Our findings should be interpreted in light of potential limitations. First, data are based on chart 

review and an underreporting of pre-existing conditions and obesity is possible. Second, we reviewed 

charts of patients dying with COVID-19 and data on patients surviving to the disease were not collected. 

This limits the possibility of identifying the impact of obesity on overall survival and non-respiratory 

complications development. Third, the generalizability of our findings might be limited as we provide data 

only on hospitalized patients in Italy. Finally, data on Body Mass Index were not available. 

In conclusion, we show that in patients dying with COVID-19 in Italy, obesity is associated with an 

increased probability of non-respiratory complications, particularly shock and acute renal failure. This 

association is more pronounced in men and young adults. Strategies should be put in place in patients 

with these characteristics to prevent COVID-19 complications. 
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Table 1. Factors associated with obesity in patients dying with COVID-19 in Italy 

Univariate analysis Multivariate analysis

Obesity

n=411

n (%) or

mean [SD]

No obesity

n=3,283 

n (%) or

mean [SD]

p-value
Odds Ratio 

(95% Confidence Interval)*

Demographics

Age, mean [SD] 70.2 [12.0] 78.8 [11.4] <0.001 0.95 (0.94-0.96)

Male gender 267 (65.0) 2,146 (65.4) Ref.

Female gender 144 (35.0) 1,137 (34.6)
0.869

1.32 (1.05-1.66)

Pre-existing comorbidities

Number of diseases

   0 24 (5.8) 151 (4.6) Ref.

   1 74 (18.0) 486 (14.8) 1.44 (0.85-2.44)

   2 91 (22.1) 689 (21.0) 1.49 (0.89-2.51)

   3 or more 222 (54.0) 1,957 (59.6)

0.120

1.57 (0.95-2.57)

Non-respiratory 

Complications

   Myocardial infarction 51 (12.4) 346 (10.5) 0.272 1.00 (0.72-1.40)

   Acute renal failure 126 (30.7) 714 (21.7) <0.001 1.33 (1.04-1.71)

   Superinfection 98 (23.8) 470 (14.3) <0.001 1.08 (0.82-1.43)

   Shock 144 (35.0) 617 (18.8) <0.001 1.54 (1.19-1.99)

* Results from multivariate logistic regression model. Age, gender, number of pre-existing comorbidities, 

acute renal failure, shock, superinfection and myocardial infarction were included in the model.
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Table 2. Association of obesity with non-respiratory complications according to age groups and gender

Univariate analysis Multivariate analysis

Age < 60 years (n=291)

Obesity

n=81

n (%)

No obesity

n=210

n (%)

p-value
Odds Ratio 

(95% Confidence Interval)*

   Myocardial infarction 11 (13.6) 25 (11.9) 0.694 0.86 (0.37-1.96)

   Acute renal failure 35 (43.2) 46 (21.9) <0.001 2.00 (1.09-3.67)

   Superinfection 33 (40.7) 64 (30.5) 0.099 1.05 (0.58-1.90)

   Shock 52 (64.2) 82 (39.0) <0.001 2.37 (1.29-4.36)

Age ≥ 60 years (n=3,403)

Obesity

n=330

n (%)

No obesity

n=3,073

n (%)

p-value
Odds Ratio

(95% Confidence Interval)*

   Myocardial infarction 40 (12.1) 321 (10.4) 0.347 1.00 (0.69-1.45)

   Acute renal failure 91 (27.6) 668 (21.7) 0.018 1.20 (0.90-1.60)

   Superinfection 65 (19.7) 406 (13.2) 0.002 1.05 (0.76-1.44)

   Shock 92 (27.9) 535 (17.4) <0.001 1.22 (0.91-1.65)

Men (n=2,413)

Obesity

n=267

n (%)

No obesity

n=2,146

n (%)

p-value
Odds Ratio 

(95% Confidence Interval)¶

   Myocardial infarction 37 (13.9) 246 (11.5) 0.267 0.93 (0.62-1.39)

   Acute renal failure 95 (35.6) 510 (23.8) <0.001 1.36 (1.00-1.84)

   Superinfection 71 (26.6) 299 (13.9) <0.001 1.20 (0.79-1.58)

   Shock 113 (42.3) 435 (20.3) <0.001 1.70 (1.24-2.34)

Women (n=1,281)

Obesity No obesity p-value Odds Ratio A
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n=144

n (%)

n=1,137

n (%)

(95% Confidence Interval) ¶

   Myocardial infarction 14 (9.7) 100 (8.8) 0.713 1.12 (0.61-2.05)

   Acute renal failure 31 (21.5) 204 (17.9) 0.304 1.24 (0.79-1.96)

   Superinfection 27 (18.8) 171 (15.0) 0.270 0.98 (0.60-1.60)

   Shock 31 (21.5) 182 (16.0) 0.097 1.13 (0.70-1.80)

* Results from multivariate logistic regression model. Age, gender, number of pre-existing comorbidities, 

acute renal failure, shock, superinfection and myocardial infarction were included in the model.

¶ Results from multivariate logistic regression model. Age, number of pre-existing comorbidities, acute 

renal failure, shock, superinfection and myocardial infarction were included in the model.

References 

1. Hajifathalian K, Kumar S, Newberry C, et al. Obesity is associated with worse outcomes in COVID-

19: Analysis of Early Data From New York City [published online ahead of print, 2020 May 29]. 

Obesity (Silver Spring). 2020;10.1002/oby.22923. doi:10.1002/oby.22923 

2. Busetto L, Bettini S, Fabris R, et al. Obesity and COVID-19: an Italian snapshot [published online 

ahead of print, 2020 May 28]. Obesity (Silver Spring). 2020;10.1002/oby.22918. 

doi:10.1002/oby.22918 

3. Kass DA, Duggal P, Cingolani O. Obesity could shift severe COVID-19 disease to younger ages. 

Lancet. 2020 May 16;395(10236):1544-1545. doi: 10.1016/S0140-6736(20)31024-2. 

4. Chiappetta S, Sharma AM, Bottino V, Stier C. COVID-19 and the role of chronic inflammation in 

patients with obesity. Int J Obes (Lond). 2020 May 14. doi:10.1038/s41366-020-0597-4. 

5. Palmieri L, Vanacore N, Donfrancesco C, et al. Clinical Characteristics of Hospitalized Individuals 

Dying with COVID-19 by Age Group in Italy [published online ahead of print, 2020 Jun 7]. J 

Gerontol A Biol Sci Med Sci. 2020;glaa146. doi:10.1093/gerona/glaa146

6. Riccardo F, Ajelli M, Andrianou XD, Bella A, Del Manso M, Fabiani M, Bellino S, Boros S, Urdiales 

AM, Marziano V, Rota MC, Filia A, D'Ancona PF, Siddu A, Punzo O, Trentini F, Guzzetta G, Poletti P, 

Stefanelli P, Castrucci MR, Ciervo A, Di Benedetto C, Tallon M, Piccioli A, Brusaferro S, Rezza G, 

Merler S, Pezzotti P, for the COVID-19 working group. Epidemiological characteristics of COVID-19 

cases in Italy and estimates of the reproductive numbers one month into the epidemic 

https://www.medrxiv.org/content/10.1101/2020.04.08.20056861v1

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

7. Onder G, Rezza G, Brusaferro S. Case-Fatality Rate and Characteristics of Patients Dying in 

Relation to COVID-19 in Italy. JAMA. Published online March 17, 2020. doi: 

10.1001/jama.2020.4683.

8. https://www.epicentro.iss.it/en/coronavirus/bollettino/Report-COVID-2019_9_july_2020.pdf 

(accessed on July 17, 2020)

9. https://www.gazzettaufficiale.it/eli/id/2020/02/28/20A01348/SG (accessed on July 17, 2020)

10. Frydrych LM, Bian G, O'Lone DE, Ward PA, Delano MJ. Obesity and type 2 diabetes mellitus drive 

immune dysfunction, infection development, and sepsis mortality. J Leukoc Biol. 2018;104(3):525-

534. doi:10.1002/JLB.5VMR0118-021RR

11. Lakkis JI, Weir MR. Obesity and Kidney Disease. Prog Cardiovasc Dis. 2018;61(2):157-167. 

doi:10.1016/j.pcad.2018.07.005

12. Desai R, Singh S, Parekh T, et al. COVID-19 and Shock: A Cautionary Tale for Elderly Patients From 

a Pooled Analysis. Ann Emerg Med. 2020;75(6):789-791. 

doi:10.1016/j.annemergmed.2020.04.014

13. Cai Q, Chen F, Wang T, et al. Obesity and COVID-19 Severity in a Designated Hospital in Shenzhen, 

China. Diabetes Care. 2020;43(7):1392-1398. doi:10.2337/dc20-0576

14. Chang E, Varghese M, Singer K. Gender and Sex Differences in Adipose Tissue. Curr Diab Rep. 

2018;18(9):69. doi:10.1007/s11892-018-1031-3.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

(*) Members of the COVID-19 Mortality Group: Luigi Palmieri, Elvira Agazio, Xanthi Andrianou, 

Pierfrancesco Barbariol, Antonino Bella, Stefania Bellino, Eva Benelli, Luigi Bertinato, Stefano Boros, 

Gianfranco Brambilla, Giovanni Calcagnini, Marco Canevelli, Maria Rita Castrucci, Federica Censi, 

Alessandra Ciervo, Elisa Colaizzo, Fortunato D’Ancona, Martina Del Manso, Chiara Donfrancesco, Massimo 

Fabiani, Francesco Facchiano, Antonietta Filia, Marco Floridia, Fabio Galati, Marina Giuliano, Tiziana 

Grisetti, Yllka Kodra; Martin Langer, Ilaria Lega, Cinzia Lo Noce, Pietro Maiozzi, Fiorella Malchiodi Albedi, 

Valerio Manno, Margherita Martini, Alberto Mateo Urdiales, Eugenio Mattei, Claudia Meduri, Paola Meli, 

Giada Minelli, Manuela Nebuloni, Lorenza Nisticò, Marino Nonis, Graziano Onder, Lucia Palmisano, Nicola 

Petrosillo, Patrizio Pezzotti, Flavia Pricci, Ornella Punzo, Vincenzo Puro, Valeria Raparelli, Giovanni Rezza, 

Flavia Riccardo, Maria Cristina Rota, Paolo Salerno, Debora Serra, Andrea Siddu, Paola Stefanelli, Manuela 

Tamburo De Bella, Dorina Tiple, Brigid Unim, Luana Vaianella, Nicola Vanacore, Monica Vichi, Emanuele 

Rocco Villani, Amerigo Zona, Silvio Brusaferro.

Funding: none 

Competing interests: no financial relationships with any organisation that might have an interest in the 

submitted work in the previous three years; no other relationships or activities that could appear to have 

influenced the submitted work.

A
cc

ep
te

d 
A

rt
ic

le




