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a b s t r a c t 

Objectives: This is the first meta-analysis assessing mortality and hospitalization risk from COVID-19 in 

individuals with comorbidities versus those without during the Omicron era. 

Methods: A systematic search (Embase, MEDLINE, PubMed, Europe PMC, Latin American and Caribbean 

Health Sciences Literature, Cochrane COVID-19 Study Register, WHO COVID-19 Database) identified stud- 

ies published between January 2022 and March 2024 . Studies included people with at least one of the fol- 

lowing comorbidities: cardiovascular/cerebrovascular disease, chronic lung conditions, diabetes, and obe- 

sity. Studies were synthesized quantitatively using random-effect models. Evaluated outcomes were risk 

of death, hospitalization, intensive care unit (ICU) admission, and any combination of these outcomes. 

Results: Of 72 studies, 68 were meta-analyzed. Participant numbers per comorbidity ranged from 328,870 

to 13,720,480. Risks of death, hospitalization, and the combined outcome were increased in individuals 

with cerebrovascular disease, chronic obstructive pulmonary disease, diabetes, respiratory diseases, heart 

disease, and heart failure (pooled relative risk [RR] range: 1.27 [heart disease, hospitalization; 95% CI: 

1.17-1.38] to 1.78 [heart failure, death: 95% CI: 1.46-2.16]). Diabetes and obesity were associated with 

increased ICU admission risk (RR: 1.20, 95% CI: 1.04-1.38; RR: 1.32, 95% CI: 1.11-1.57, respectively). 

Conclusion: During the Omicron era, individuals with comorbidities faced increased risks of severe out- 

comes from COVID-19. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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At an early stage of the COVID-19 pandemic, individuals with 

omorbidities, including diabetes, obesity, respiratory, and cardio- 

ascular diseases were more likely to experience adverse health 

utcomes caused by SARS-CoV-2 infection [ 1 , 2 ]. Such populations 
∗ Corresponding author: Sultan Abduljawad, BioNTech UK Ltd., Suite 4, 7th Floor 

0 Broadway, London, SW1H 0DB, UK. 

E-mail address: sultan.abduljawad@biontech.co.uk (S. Abduljawad) . 

H

t

a

o

ttps://doi.org/10.1016/j.ijid.2025.107958 

201-9712/© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Soc

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ay be at increased risk of death and hospitalization in compari- 

on with the general population [ 1–4 ]. 

Patients infected with SARS-CoV-2 Omicron variants have ex- 

ibited milder infections and reduced hospitalization compared 

ith the earlier Delta (B.1.617.2) variant [ 5–7 ]. Despite this, Omi- 

ron (B.1.1.529) was classified as a variant of concern by the World 

ealth Organization (WHO) in November 2021 due to a detrimen- 

al change in COVID-19 epidemiology [ 8 ]. In particular, individu- 

ls with pre-existing comorbidities may still be at a higher risk 

f complications and death from SARS-CoV-2 infection in the cur- 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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ent Omicron era than individuals in the general population [ 9 ]. 

s SARS-CoV-2 Omicron variants evolve, understanding the impact 

nd risk of infection on individuals with comorbidities is crucial 

or informed treatment and risk mitigation through vaccination or 

ther preventative measures. 

Previous systematic literature reviews (SLRs) have shown an 

ncreased risk of severe COVID-19 outcomes in comorbid pop- 

lations during pre-Omicron COVID-19 periods [ 10–15 ]. How- 

ver, to our knowledge, this is the first SLR and meta-analysis 

imed at assessing the risk of mortality and hospitalization from 

OVID-19 in individuals with comorbidities, including cardiovascu- 

ar/cerebrovascular diseases, chronic lung conditions, diabetes, and 

besity, during the Omicron era. 

ethods 

The SLR protocol is registered with PROSPERO 

CRD42024501163). This SLR and meta-analysis adheres to the 

referred Reporting Items for Systematic Reviews and Meta- 

nalysis guidelines (PRISMA). 

earch strategy 

The following databases were searched: Embase, MEDLINE, 

ubMed, Europe PMC (including MedRix and bioRxiv preprints), 

atin American and Caribbean Health Sciences Literature, the 

ochrane COVID-19 Study Register, and the WHO COVID-19 

atabase. Search strategies were structured using terms related 

o COVID-19 infection, risk, and burden of illness (Supplementary 

ethods). 

ligibility criteria 

Eligible studies included people (all ages) with at least one 

f the following comorbidities: cardiovascular/cerebrovascular dis- 

ase, chronic lung conditions, diabetes, and obesity (Supplemen- 

ary Table 1). 

Individuals without the respective comorbidities or the gen- 

ral population were used as the comparator group. Evaluated out- 

omes were the risks of death, hospitalization (for any reason), in- 

ensive care unit (ICU) admission (for any reason), and the com- 

ined outcome (any combination of the other outcomes). COVID-19 

utcomes were determined by including studies where either all 

atients had COVID-19 at the start of the study or all deaths and 

ospitalizations were related to COVID-19 (defined by the studies). 

Included studies were observational (cohort, case-control, cross- 

ectional), published between 1 January 2022 and 13 March 2024, 

ith full texts published in English. 

tudy selection, data extraction, and quality assessment 

Identified studies were first assessed at title and abstract level 

y two independent reviewers to determine whether inclusion cri- 

eria were met, followed by full text screening of all studies found 

o be eligible. For details of data extraction and quality assessment, 

ee Supplementary Methods. 

ata synthesis and analysis 

ualitative data synthesis 

All studies included in the review were assessed qualitatively 

o identify which studies could be combined in a meta-analysis 

Supplementary Methods). Comorbidities were grouped as follows, 

ased on recommendations from clinical experts: asthma, cere- 

rovascular disease, chronic obstructive pulmonary disease (COPD), 
2

iabetes, obesity, peripheral vascular disease (PVD), respiratory dis- 

ases (excluding asthma and COPD), atrial fibrillation, heart dis- 

ase, heart failure, hypertension, and thrombosis. 

tatistical analysis 

For the primary analyses, pairwise meta-analyses were per- 

ormed for the risks of death, hospitalization, ICU admission, and 

he combined outcome for the comorbid populations, using the 

ost adjusted reported outcome estimates. The robustness of the 

esults was assessed using “Leave-1-out,” “Least adjusted,” “Only 

djusted,” and “Excluding studies for population overlap” sensitiv- 

ty analyses. 

Subgroup analyses were conducted for the ‘Hospitalized’ or 

General’ populations, which included only individuals who were 

r were not already hospitalized when they started the study, re- 

pectively. Additional subgroup analyses were performed for the ‘ > 

0 years’ population, which included only participants older than 

0 years, and the “COVID-19-related outcomes only” population, 

hich included only outcomes explicitly caused by COVID-19 (Sup- 

lementary Methods). 

All statistical analyses were performed in R version 4.1.1 (R 

oundation for Statistical Computing) using the meta package. A 

tatistically significant ( p < 0.05) result is referred to as significant 

hereafter. 

esults 

In total, 21,937 records were identified through searches and 

ne study was identified via reference checking. Following elimi- 

ation of duplicates, 11,593 remaining studies underwent title and 

bstract screening of which 3123 studies were assessed in full 

ext screening. A total of 72 studies were selected for inclusion 

 Figure 1 ). 

tudy characteristics 

Study characteristics are summarized in Supplementary Table 

 . The studies were performed in 26 different countries, primar- 

ly in Europe ( n = 15), China ( n = 14), and the USA ( n = 13).

ost studies were retrospective cohort studies ( n = 58), followed 

y prospective cohort ( n = 7), cross-sectional ( n = 6), and case- 

ontrol ( n = 1) studies. The “Death,” “Hospitalization,” “ICU admis- 

ion,” and “Combined” outcomes were reported in 45, 17, 20, and 

7 studies, respectively. Most studies did not report Omicron sub- 

ariants, but in studies that did, BA.1 was the most common. Other 

eported subvariants included BA.2, BA.4, BA.5, BF.7, BQ.1, and XXB. 

upplementary Table 3 provides visualization of the Omicron pe- 

iod in the included studies. 

atient characteristics 

Patient characteristics are summarized in Supplementary Table 

. Minimum numbers of participants included in analyses for each 

omorbidity across the included studies are reported in Table 1 . 

ost studies ( n = 42) included a ‘Hospitalized Population’, and 

he rest ( n = 30) included ‘General Population’. These populations 

ncluded individuals who were and were not hospitalized at the 

tart of the study, respectively (Supplementary Table 4). Diabetes 

as the most commonly reported comorbidity ( n = 50 studies; 

able 1 ) and thrombosis the least commonly reported ( n = 4 stud- 

es). The majority of studies ( > 50%) that reported vaccination sta- 

us included fully vaccinated individuals. 

isk of bias assessment 

Risk of bias (Supplementary Table 5) was assessed in all in- 

luded studies ( n = 72); 56 and 14 were found to be low and
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Figure 1. PRISMA flow diagram. 
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edium risk, respectively. Two studies [ 16 , 17 ] were found to be

igh risk and were excluded from the analysis. Two additional 

tudies were excluded from the analysis for not reporting confi- 

ence intervals ( n = 1) [ 18 ] and for conflicting interpretation of

esults within the study ( n = 1) [ 19 ]. 

eta-analysis 

The relative risk (RR) for death, hospitalization, ICU admission, 

nd combined outcomes among individuals with each comorbid- 

ty compared with individuals without comorbidities are shown in 

igure 2 . 

Due to insufficient numbers of studies, meta-analysis was not 

onducted for the following outcomes and comorbid conditions: 

CU admission for asthma, cerebrovascular diseases, COPD, and 

eart failure; all outcomes except the combined outcome for atrial 

brillation; and all outcomes for PVD and thrombosis ( Table 1 ). 

hese outcomes and comorbidities are excluded from the following 

eta-analysis but synthesized narratively in the supplement (Sup- 

lementary Results: Section 2.4). 

isk of death 

Individuals with any of the comorbidities meta-analyzed, ex- 

ept asthma and obesity, had a significantly increased risk of 
3

eath compared with individuals without the respective comorbid- 

ty ( Figure 2 a, Supplementary Table 6). 

Statistical heterogeneity was considerable in all analyses except 

mong the comorbid populations with heart failure and hyperten- 

ion, which had substantial heterogeneity ( Figure 2 a). There was no 

tatistical evidence of publication bias for any of the applicable co- 

orbid populations analyzed, except diabetes (Supplementary Ta- 

le 7). 

All sensitivity analyses results had the same direction of ef- 

ect and degree of significance as the main analysis for the risk 

f death outcome (Supplementary Table 7), indicating robustness 

f the main analysis results. 

Subgroup analyses showed the direction of effect, versus the 

ain analysis, changed for individuals with asthma in the ‘Hos- 

italized’ and ‘ > 50 years’ subgroups (i.e., these groups with 

sthma had a significantly lower risk of death versus those without 

sthma) (Supplementary Table 8). 

isk of hospitalization 

For all meta-analyzed comorbid conditions, except asthma, in- 

ividuals with the comorbidity had a significantly increased risk of 

ospitalization in comparison with individuals without the comor- 

idity ( Figure 2 b, Supplementary Table 6). Statistical heterogeneity 

as substantial or considerable for most comorbidities (7/9 appli- 

able comorbid populations; Figure 2 b). Publication bias was not 
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Table 1 

Number of studies, subgroups, and minimum number of participants included in each comorbidity population analysis. 

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; PVD, peripheral vascular disease. 
a Subgroups distinguish between the comorbidities of interest and may contain additional information that differentiates the comorbidity from another one 

included in the same meta-analysis by the same study (e.g., "men with stroke" and "women with stroke"). Some studies reported multiple subgroups that are 

included in the same meta-analysis. 
b Meta-analyses were not conducted for analyses with fewer than five subgroups. 
c Breakdown of numbers of participants by outcome not provided as most studies included more than one outcome of interest. 

Darker green indicates greater number of studies, subgroups, or participants. 
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ssessed in any of the analyses due to the small number of stud- 

es, except in the comorbid group with diabetes, where no bias was 

ound (Supplementary Table 9). 

All sensitivity analyses results had the same direction of effect, 

nd nearly all had the same degree of significance, as the main 

nalyses for the risk of hospitalization outcome (Supplementary 

able 9), indicating robustness of the main analysis results. 

In all subgroup analyses, the direction of effect was the same 

ompared with the main analysis, except individuals with asthma 

ad a (non-significantly) lower risk of hospitalization. In nearly all 

nalyses the significance level remained unchanged (Supplemen- 

ary Table 10). 

isk of ICU admission 

While all five meta-analyzed comorbidities had an increased 

isk of ICU admission compared with individuals without the co- 

orbidity, this risk was significant in diabetes and obesity only 

 Figure 2 c, Supplementary Table 6). 

Statistical heterogeneity ranged from not important to consid- 

rable across the analyses. Publication bias was not assessed in 

ny of the analyses due to the small number of studies, except in 

he groups with diabetes and heart disease, in which no bias was 

ound (Supplementary Table 11). 

Four sensitivity analyses resulted in loss or gain of significance 

ompared with the main analysis for risk of admission to ICU, al- 

hough the direction of effect (i.e., the higher risk of ICU admis- 

ion) remained the same (Supplementary Table 11). 

In the “COVID-19-related outcomes only” subgroup, the in- 

reased risk of ICU admission for comorbid populations with res- 

iratory diseases and heart disease was significant (Supplementary 

able 12), while this relationship was non-significant in the main 

nalysis. 
4

isk of the combined outcome (death, hospitalization, or ICU 

dmission) 

For all comorbid conditions, individuals with the comorbidity 

ad a significantly increased risk of the combined outcome in com- 

arison with individuals without the comorbidity, except in indi- 

iduals with asthma and hypertension, where the increased risk 

as non-significant, and in individuals with obesity, who had a 

ower (but non-significant) risk of the combined outcome in com- 

arison with individuals without obesity ( Figure 2 d, Supplemen- 

ary Table 6). For details of sensitivity and subgroup analyses for 

he combined outcome see Supplementary Results and Supple- 

entary Tables 13 and 14. 

Individual meta-analyses for each comorbidity, stratified by out- 

ome, can be found in the supplement (Supplementary Results: 

ection 2.4). 

iscussion 

This SLR and meta-analysis examined the impact of SARS-CoV-2 

n four outcomes in populations with comorbidities versus those 

ithout during the Omicron era. For those with cerebrovascular 

isease, COPD, diabetes, respiratory diseases (excluding COPD and 

sthma), heart disease, and heart failure, the pooled RRs of death, 

ospitalization, and a combined outcome were significantly higher, 

anging from 1.27 (95% confidence interval [CI]: 1.17-1.38) to 1.78 

95% CI: 1.46-2.16). Individuals with hypertension had a signifi- 

antly increased risk of death and hospitalization, with pooled RRs 

f 1.20 (95% CI: 1.09-1.32) and 1.48 (95% CI: 1.03-2.14), respec- 

ively. Those with obesity and atrial fibrillation demonstrated a 

ignificantly increased risk of hospitalization and combined out- 

omes, respectively, with pooled RRs of 1.39 (95% CI: 1.13-1.70) and 

.59 (95% CI: 1.34-1.90). Additionally, individuals with diabetes and 

besity had a significantly increased risk of ICU admission, with 
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a

b

c

d

Figure 2. Forest plots of the risk of (a) death, (b) hospitalization, (c) ICU admission, and (d) combined outcome by comorbid population. 
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ooled RRs of 1.20 (95% CI: 1.04-1.38) and 1.32 (95% CI: 1.11-1.57), 

espectively. 

Of the meta-analyzed comorbid populations, individuals with 

eart failure had the greatest increase in pooled RRs of death 

t 1.78 (95% CI: 1.46-2.16), hospitalization at 1.61 (95% CI: 1.36- 

.91), and the combined outcome at 1.63 (95% CI: 1.29-2.06). In- 

ividuals with asthma had a non-significant increase in risk of 

ny severe outcome, but hospitalized individuals with asthma 

ad a significantly lower pooled RR of death at 0.84 (95% 

I: 0.75-0.95) compared with hospitalized individuals without 

sthma. 

ardiovascular and cerebrovascular disease 

Individuals with cerebrovascular disease, heart disease, and 

eart failure had a significantly higher risk of all severe outcomes 

rom COVID-19, except ICU admission. This is consistent with sev- 

ral studies conducted prior to and during the Omicron era which 

eported longer time to recovery [ 20 ] and a greater risk of severe

utcomes from COVID-19 in patients with cerebrovascular [ 21–

4 ] and cardiovascular diseases [ 10 , 22–24 ]. In the current study,

ndividuals with hypertension had a significantly higher risk of 

eath and hospitalization, but not ICU admission or combined out- 

omes, consistent with a pre-Omicron meta-analysis [ 11 ], although 

his previous study also reported a significantly higher risk of ICU 

dmission. Individuals with atrial fibrillation had a significantly 

igher risk of the combined outcome. 

The underlying mechanisms for these outcomes are not well 

nderstood, but several have been proposed. For cerebrovascu- 

ar disease, proinflammatory and hypercoagulable states associated 

ith COVID-19 have been suggested [ 25 , 26 ]. For heart disease, pos-

ible mechanisms include COVID-19–associated hypercoagulation, 

irect viral damage to cardiomyocytes, or pneumonia-induced gas 

xchange obstruction leading to cardiomyocyte injury and apopto- 

is [ 2 , 10 ]. In heart failure and hypertension, viral uptake through 

ncreased angiotensin-converting enzyme 2 (ACE2) receptors may 

ncrease the risk of severe outcomes [ 11 , 27 ]. Direct cardiac injury,

ncreased coagulation abnormalities, thrombotic events, and stress 

ardiomyopathy increase the risk of severe outcomes in individuals 

ith heart failure or atrial fibrillation [ 27 , 28 ]. 

espiratory diseases 

Individuals with COPD and other respiratory diseases (including 

cute respiratory distress syndrome, interstitial lung disease, and 

hronic lung diseases excluding asthma), had significantly higher 

isks of death, hospitalization, and the combined outcome, consis- 

ent with a pre-Omicron meta-analysis on COPD [ 12 ]. 

Micro-thrombosis, secondary bacterial infection, and the ef- 

ects of intrapulmonary shunting, have been proposed as potential 

echanisms increasing the risk of severe outcomes from COVID- 

9 in COPD [ 29 ]. For all chronic respiratory diseases, reduced lung 

unction at baseline may decrease tolerance to further lung injury 

rom SARS-CoV-2 infection, resulting in poorer outcomes [ 30 ]. Ad- 

itionally, individuals with chronic lung disease may experience 

mpaired responses to vaccines, which may lead to an increased 

isk of acquiring SARS-CoV-2 and developing severe complications 

 31 ]. 

The lack of association between asthma and severe outcomes 

rom COVID-19 may be attributed to down-regulated ACE2 re- 

eptors in those with T2-high asthma, reducing susceptibility to 

ARS-CoV-2 infection [ 32 ]. A previous meta-analysis found a sim- 

lar protective effect of asthma; it is possible that controlling 

sthma symptoms by routine asthma treatment reduces worsening 

f symptoms and risk of hospitalization [ 33 ]. 
6

iabetes 

Risk of severe outcomes from COVID-19 was significantly in- 

reased in individuals with diabetes, consistent with pre-Omicron 

tudies that reported an increased risk of mortality [ 13 , 23 ]. Cy-

okine storm, pulmonary and endothelial dysfunction, and hyper- 

oagulation have been attributed as potential mechanisms increas- 

ng the risk of severe outcomes [ 34 ]. 

besity 

Risk of ICU admission and hospitalization were significantly in- 

reased in individuals with obesity, but there was no association 

ith death and the combined outcome. A pre-Omicron SLR and 

eta-analysis found a similar pattern, with an increased risk of 

OVID-19-related hospitalizations, but also death, unlike the cur- 

ent study [ 14 ]. The increased risk of severe disease may be ex- 

lained by a hyperinflammatory response to SARS-CoV-2 infection 

inked to high blood levels of saturated fatty acids in patients with 

besity [ 35 ], as well as predisposition to immunopathological ex- 

ggeration of immuno-metabolic disorders [ 36 ]. A possible expla- 

ation for the protective effect from death observed in our study is 

hat where ICU occupancy was reaching capacity within a hospital 

rust, individuals with obesity were explicitly prioritized in ICU ad- 

ission decisions. This prioritization could be due to the difficulty 

n maintaining adequate oxygen levels without mechanical ventila- 

ion on a normal hospital ward [ 37 ]. Consequently, they may have 

eceived higher standard of care [ 37 ]. 

uality of evidence 

To our knowledge, this is the first comprehensive SLR to as- 

ess severe outcomes from COVID-19 in people with comorbidi- 

ies during the Omicron era. Most of the results included in the 

eta-analyses were adjusted for age, comorbidities, and vaccina- 

ion status, and main analyses were based on these most adjusted 

stimates, thereby increasing confidence in the findings and likely 

ielding conservative pooled estimates. In addition, several sensi- 

ivity and subgroup analyses were performed, and most sensitivity 

nalyses showed no change in significance from the main analyses, 

ndicating that the pooled estimates are robust. 

This study had several limitations. First, there was high clini- 

al and statistical heterogeneity between the studies, due, in part, 

o variation in interpretation of outcome definitions. This was es- 

ecially pronounced for the combined outcome as multiple differ- 

nt outcomes were included in its definition. In addition, different 

djustments were used between studies: while most studies were 

djusted for demographic characteristics, there were variations in 

djustments of vaccination rate and comorbidities, reducing com- 

arability of the studies. 

Second, while studies included in this review cover wide ge- 

graphical areas, inter-country differences, such as country-level 

ncome, are important predictors of COVID-19 control measures, 

hich in turn affect COVID-19 rates and severity [ 38 , 39 ]. How-

ver, analysis by geographical region was not performed due to the 

igh between-study heterogeneity and small numbers of studies 

y region. Finally, due to lack of data, high between-study hetero- 

eneity, and overlap in Omicron subvariant time periods, no sub- 

nalyses were performed by time period, subvariant, vaccine type, 

r vaccination status. These can be important effect modifiers and 

hould be investigated in future research. 

mplications for practice and further research 

This study synthesizes data to enhance healthcare providers’ 

nderstanding of COVID-19 disease burden in populations with co- 
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orbidities during the Omicron era and ensure targeted measures 

re implemented. 

Vaccination is the most effective tool to reduce the risk and 

revalence of COVID-19 disease, COVID-19-related hospitalization, 

CU admission, and death [ 4 , 40 ]. Targeting vaccination and other 

ublic health measures for those patients at greatest risk due to 

omorbidity may help prevent or mitigate severe outcomes from 

OVID-19. 

Due to lack of data for several comorbidities in the Omicron 

ra, further high-quality prospective studies are needed to investi- 

ate severe outcomes from COVID-19 in the following populations: 

ype 1 and type 2 diabetes, PVD, hypertension, and thrombosis. It 

ould be valuable to investigate the effects of multi-morbidity and 

he severity of comorbidities on patient outcomes, as well as the 

eciprocal effect of COVID-19 on the underlying comorbidities. 

Finally, further investigations into the impact of age, evolving 

ariants, vaccination status, and geographical region on comorbid 

ndividuals with COVID-19 in the Omicron era, are likely to provide 

ore insight into disease epidemiology. 

onclusions 

This SLR and meta-analysis on the burden of COVID-19 in indi- 

iduals with comorbidities during the Omicron era demonstrated 

hat those with cerebrovascular disease, COPD, diabetes, respira- 

ory diseases, heart disease, heart failure, and hypertension are 

t increased risk of death and hospitalization, while individuals 

ith diabetes and obesity are at increased risk of ICU admission, 

n comparison with those without the respective comorbidity. Of 

he meta-analyzed comorbid conditions, heart failure was associ- 

ted with the greatest increase in risk of severe outcomes from 

OVID-19. Clinicians and policy makers should consider targeting 

ublic health measures, such as seasonal vaccination, and antiviral 

herapy in SARS-CoV-2 positive individuals, toward these most at- 

isk groups to protect vulnerable populations with comorbidities 

ho are at higher risk for developing severe outcomes following 

OVID-19 disease. 
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