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Abstract 

Background The COVID-19 pandemic has posed significant challenges to global health, with type 2 diabetes 
mellitus (T2DM) emerging as a key risk factor for adverse outcomes. This study systematically reviews and quanti-
fies the association between T2DM and COVID-19 outcomes, including mortality, severity, and need for mechanical 
ventilation.

Methods A systematic review and meta-analysis were conducted that adhered to PRISMA guidelines. We searched 
PubMed, Scopus, Web of Science and Embase for studies published from december 2019 to march 2024. Eligi-
ble studies reported on the impact of T2DM on COVID-19 outcomes in the adult population. Data were extracted 
and analyzed using a random-effects model, and heterogeneity was assessed using the  I2 statistic. Publication bias 
was assessed using Egger regression, Kendall’s Tau, and the Fail-safe N calculation.

Results Eighteen studies were included in the meta-analysis for mortality, six for severity and five for mechanical ven-
tilation. T2DM was significantly associated with higher mortality (OR = 3.66, 95% CI: 2.20–5.11, p < 0.001), higher sever-
ity (OR = 1.97, 95% CI: 1.02–2.92, p < 0.001), and higher need for mechanical ventilation (OR = 2.34, 95% CI: 1.18–3.49, 
p < 0.001). Heterogeneity was high for mortality  (I2 = 83.83%) but low for severity and mechanical ventilation  (I2 = 0%). 
No significant publication bias was found.

Conclusions T2DM is associated with significantly worse outcomes in COVID-19 patients, including higher mortality, 
higher severity and a greater likelihood of needing mechanical ventilation. These findings emphasize the need for tar-
geted interventions and management strategies for individuals with T2DM during the ongoing pandemic. Future 
research should focus on understanding the underlying mechanisms and exploring strategies to mitigate these risks.
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Introduction
The COVID-19 pandemic has posed unprecedented chal-
lenges to global healthcare systems, straining resources 
and exposing vulnerabilities in healthcare infrastructures 
worldwide [1–5]. Among the most concerning aspects of 
the pandemic is its disproportionate impact on individu-
als with pre-existing health conditions, who face a higher 
risk of severe outcomes [6, 7]. Type 2 diabetes mellitus 
(T2DM), a chronic metabolic disorder characterized 
by insulin resistance and chronic hyperglycemia, has 
emerged as a key risk factor for severe COVID-19 out-
comes [7, 8]. Beyond its long-term complications, such 
as cardiovascular disease and nephropathy, T2DM also 
impairs immune function, increasing susceptibility to 
infections, including SARS-CoV-2 [9].

The interplay between T2DM and COVID-19 has gar-
nered significant attention, leading to numerous studies 
investigating its impact on disease severity, mortality, 
hospitalization rates, intensive care unit (ICU) admis-
sions, and complications such as acute respiratory dis-
tress syndrome (ARDS) and thromboembolic events 
[10–12]. Initial findings suggest that individuals with 
T2DM are at heightened risk for severe COVID-19, but 
the magnitude of this risk varies across studies [13–15]. 
Some research indicates a significantly increased risk, 
while others report more moderate associations, high-
lighting inconsistencies in the literature [10–15]. This 
variability underscores the need for a comprehensive 
synthesis of existing evidence to clarify the true extent of 
the risk posed by T2DM in COVID-19 patients. Factors 
such as study design, population demographics, health-
care access, glycemic control, and coexisting conditions 
(e.g., hypertension and obesity) may contribute to these 
discrepancies [16–18]. Despite the growing body of 
research, there remains a lack of consensus on the precise 
impact of T2DM on COVID-19 outcomes and the factors 
that modulate this relationship.

To address these gaps, this study will conduct a sys-
tematic review and meta-analysis to quantify the associa-
tion between T2DM and COVID-19 severity, mortality, 
hospitalization rates, and complications. Unlike previ-
ous studies that primarily focus on individual cohorts or 
single risk factors, this meta-analysis will integrate data 
from diverse populations and study designs to provide a 
more robust and generalizable understanding of the risks 
faced by individuals with T2DM. Additionally, it will 
explore key moderating factors, such as glycemic control, 
age, and comorbidities, to identify potential sources of 
heterogeneity in reported outcomes. By synthesizing and 
critically evaluating existing evidence, this study aims 
to fill critical knowledge gaps, support clinical decision-
making, and inform public health policies. A clearer 
understanding of the T2DM-COVID-19 relationship will 

facilitate targeted interventions, improve risk stratifica-
tion, and enhance healthcare strategies to protect this 
vulnerable population.

This study aims to systematically review and quantita-
tively analyze the impact of type 2 diabetes mellitus on 
COVID-19 outcomes, including disease severity, mortal-
ity, hospitalization rates, and complications, compared 
to individuals without type 2 diabetes mellitus. The first 
objective is: to determine the risk of severe COVID-19 
outcomes, such as mortality, hospitalization, and ICU 
admission, in patients with T2DM, to investigate the 
association between T2DM and specific COVID-19 com-
plications, including acute respiratory distress syndrome 
and thromboembolic events. Thirdly, to investigate 
potential moderators, such as age, sex, comorbidities, 
and glycemic control, that may influence the relation-
ship between T2DM and COVID-19 outcomes. In addi-
tion, the quality and consistency of the evidence in the 
included studies should be assessed and sources of het-
erogeneity identified. Finally, to provide evidence-based 
recommendations for clinical practice and public health 
interventions aimed at mitigating the impact of COVID-
19 in individuals with T2DM.

Methodology
Study design
This study was conducted as a systematic review and 
meta-analysis, following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Fig.  1). The aim was to evaluate the asso-
ciation between type 2 diabetes mellitus (T2DM) and 
adverse COVID-19 outcomes, including mortality, dis-
ease severity, and the need for mechanical ventilation.

Search strategy
A comprehensive literature search was conducted across 
multiple databases, including PubMed, Scopus, Web 
of Science, Embase, Cochrane Library, Google Scholar, 
ClinicalTrials.gov, and MEDLINE, to identify relevant 
studies published between December 2019 and March 
2024 (Table 1).

The search strategy utilized a combination of keywords 
and Medical Subject Headings (MeSH) to ensure broad 
coverage of relevant literature. The primary search terms 
included: COVID-19 (e.g., “COVID-19”, “SARS-CoV-2”, 
“coronavirus disease 2019”), Type 2 Diabetes Mellitus (e.g., 
“Type 2 Diabetes Mellitus”, “T2DM”, “diabetes and COVID-
19”), Outcomes (e.g., “mortality”, “severity”, “mechanical 
ventilation”, “ICU admission”, “complications”).

Boolean operators (AND, OR) were employed to refine 
and optimize the search, ensuring relevant studies were 
retrieved. The search was limited to peer-reviewed arti-
cles published in English, and only studies involving adult 



Page 3 of 22Fatoke et al. BMC Infectious Diseases          (2025) 25:719  

populations (≥ 18 years) that reported on COVID-19 
outcomes in individuals with T2DM were considered. 
To enhance reproducibility and transparency, a detailed 
search strategy, including specific search terms and 
Boolean combinations for each database, will be provided 

in a supplementary table. Additionally, reference lists of 
identified studies were manually screened to capture any 
relevant studies that may have been missed in the initial 
search. This approach ensures a systematic and rigorous 
selection of studies from diverse healthcare systems and 

Fig. 1 The PRISMA flow diagram shows the studies included in the meta‐analysis for n number of studies

Table 1 Search Terms and Boolean Combinations for Each Database

Database Search Terms & Boolean Combinations Date of Last Search

PubMed (“COVID-19” OR “SARS-CoV-2” OR “coronavirus disease 2019”) AND (“Type 2 Diabetes Mellitus” OR “T2DM” 
OR “diabetes”) AND (“mortality” OR “severity” OR “ICU admission” OR “mechanical ventilation” OR “complica-
tions”)

January 18, 2024

Scopus TITLE-ABS-KEY (“COVID-19” OR “SARS-CoV-2”) AND (“Type 2 Diabetes Mellitus” OR “T2DM”) AND (“mortality” 
OR “severity” OR “critical illness” OR “hospitalization”)

February 5, 2024

Web of Science TS = (“COVID-19” OR “SARS-CoV-2”) AND TS = (“Type 2 Diabetes Mellitus” OR “T2DM”) AND TS = (“mortality” 
OR “mechanical ventilation” OR “ARDS”)

November 22, 2023

Embase (‘COVID-19’/exp OR ‘SARS-CoV-2’/exp) AND (‘Type 2 diabetes mellitus’/exp OR ‘T2DM’/exp) AND (‘mortality’/
exp OR ‘hospitalization’/exp OR ‘mechanical ventilation’/exp)

December 14, 2023

Cochrane Library (“COVID-19” OR “SARS-CoV-2”) AND (“Type 2 Diabetes Mellitus” OR “T2DM”) AND (“mortality” OR “ICU admis-
sion” OR “disease severity”)

October 3, 2023

Google Scholar (“COVID-19” AND “Type 2 Diabetes Mellitus” AND “mortality”) OR (“SARS-CoV-2” AND “T2DM” AND “complica-
tions”) – Limited to title and first 200 results

March 1, 2024

ClinicalTrials.gov (“COVID-19” OR “SARS-CoV-2”) AND (“Type 2 Diabetes Mellitus” OR “T2DM”) – Filtered for completed and ongo-
ing studies

January 30, 2024

MEDLINE (“COVID-19”[MeSH] OR “SARS-CoV-2”[MeSH]) AND (“Type 2 Diabetes Mellitus”[MeSH] OR “T2DM”[MeSH]) 
AND (“mortality”[MeSH] OR “severity”[MeSH] OR “hospitalization”[MeSH])

February 12, 2024
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populations, thereby improving the generalizability of the 
findings on the relationship between T2DM and COVID-
19 outcomes.

The search strategy applied filters to include only 
studies in English and those involving human subjects. 
Preprint servers such as medRxiv and bioRxiv were 
screened, and reference lists of relevant studies were 
manually reviewed. Both observational studies (cohort, 
case–control) and randomized controlled trials (RCTs) 
were considered for inclusion.

Inclusion and exclusion criteria
Inclusion criteria
Studies were included based on the following criteria: 
they involved adult patients (≥ 18 years) diagnosed with 
COVID-19, examined the impact of Type 2 Diabetes 
Mellitus (T2DM) on COVID-19 outcomes, and reported 
at least one relevant outcome. These outcomes included 
mortality (e.g., in-hospital or 30-day mortality), disease 
severity (e.g., ICU admission, ARDS, critical illness), and 
the need for mechanical ventilation or advanced respira-
tory support.

Study design
The study design encompassed various observational 
studies, including prospective and retrospective cohort 
studies, case-control studies, and cross-sectional stud-
ies, provided they contained sufficient data for effect size 
calculation.

Data availability
Provided adequate data to calculate effect sizes (e.g., odds 
ratios [OR], relative risks [RR], hazard ratios [HR] with 
confidence intervals).

Exclusion criteria
Studies were excluded if they focused on pediatric 
patients (< 18 years) or non-T2DM diabetic populations, 
such as those with Type 1 or gestational diabetes. Addi-
tionally, case reports, case series, narrative reviews, edi-
torials, and commentaries were not considered. Animal 
studies and in vitro research were also excluded. Further-
more, studies with insufficient data for effect size esti-
mation or those that did not report primary outcomes 
relevant to this analysis were omitted.

Data extraction
Two independent reviewers extracted data from the 
included studies using a standardized data extraction 
form. The extracted data encompassed study character-
istics such as author, year, country, and study design, as 

well as patient demographics, including sample size, age, 
and sex distribution. Additionally, information on T2DM 
status, including its presence, duration, and glycemic 
control when reported, was recorded. The key COVID-19 
outcomes of interest, including mortality, disease sever-
ity, and the need for mechanical ventilation, were also 
extracted. Furthermore, effect sizes, such as odds ratios, 
relative risks, and hazard ratios, along with their corre-
sponding confidence intervals, were collected to facilitate 
meta-analytic synthesis.

To ensure accuracy and consistency in the data extrac-
tion process, discrepancies between the two primary 
reviewers were initially addressed through discussion 
to reach a consensus. If disagreements persisted, a third 
independent reviewer was consulted to make the final 
decision, thereby minimizing subjectivity and ensuring 
a rigorous selection process. To further assess the reli-
ability of the extraction process, Cohen’s kappa (κ) was 
calculated to measure inter-rater agreement. A κ value 
of 0.80 or higher was considered indicative of strong 
agreement, while values between 0.61 and 0.79 suggested 
substantial agreement. Any studies with low agreement, 
defined as a κ value below 0.60, underwent re-evaluation 
to determine whether adjustments to the extraction pro-
tocol were necessary. This approach ensured the robust-
ness of the data extraction process, minimized bias, and 
enhanced the overall transparency and reproducibility of 
the study.

Quality assessment
The quality of the included studies was assessed using 
the Newcastle–Ottawa Scale (NOS), a widely recognized 
tool for evaluating the methodological quality of obser-
vational studies. This scale is designed to assess three key 
areas: selection, comparability, and outcome assessment.

1. Selection: This domain examines how participants 
were selected for the study, including the representa-
tiveness of the study population and exposure ascer-
tainment. The studies were evaluated based on cri-
teria such as the definition of the study population, 
the appropriateness of the controls, and the selection 
process employed.

2. Comparability: This aspect focuses on the compa-
rability of the study groups. It assesses whether the 
studies adequately controlled for potential confound-
ing factors, such as age, gender, and other comorbidi-
ties (such as hypertension, obesity) that could influ-
ence the outcomes of interest. A higher score in this 
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area indicates better methodological rigor in the con-
sideration of confounding factors.

3. Outcome Assessment: The final domain evaluates 
the methods used to assess outcomes, including 
the reliability and validity of the measurement tools 
employed. Studies were assessed on the clarity of 
outcome definitions, the timing of outcome assess-
ment, and adequacy of follow-up to ascertain out-
comes.

Each included study was assigned a score ranging from 
0 to 9 based on its performance in these three domains. 
Studies that achieved a score of 7 or higher were consid-
ered to be of high quality, indicating that they possessed 
a strong methodological framework and were likely to 
produce reliable and valid results. This rigorous assess-
ment ensured that the conclusions drawn from the meta-
analysis were based on robust evidence, which increased 
the overall reliability of the findings regarding the inter-
play between type 2 diabetes mellitus and COVID-19 
outcomes.

Statistical analysis
The meta-analyses were conducted using a random-
effects model to account for potential heterogeneity 
among the included studies. This approach was selected 
because it allows for variability in true effect sizes across 
studies, acknowledging that differences in populations, 
interventions, and methodologies can influence the 
results. The  I2 statistic was employed to assess heteroge-
neity, with values greater than 50% indicating a signifi-
cant heterogeneity among studies. Specifically,  I2 values 
of 25%, 50%, and 75% correspond to low, moderate, and 
high levels of heterogeneity, respectively. Furthermore, 
the  Tau2 estimator was utilized to quantify the variance 
between the studies. It provides a measure of between-
study variance that complements the  I2 statistic.

Additionally, subgroup analyses were performed to 
explore potential sources of heterogeneity. These analy-
ses focused on key demographic and clinical factors, 
including:

• Patient Age: Different age groups may exhibit vary-
ing responses to COVID-19. making it essential to 
analyze how age influences outcomes in individuals 
with type 2 diabetes mellitus (T2DM).

• Gender: As gender may have an impact on the sever-
ity of diabetes and COVID-19, subgroup analyses 
were stratified by male and female participants to 
identify potential differences in outcomes.

• Glycemic Control: The degree of glycemic control, 
as measured by metrics such as HbA1c levels, was 

assessed to determine its influence on the sever-
ity and mortality rate associated with COVID-19 in 
T2DM patients.

• Geographical Location: Differences in healthcare 
systems, population demographics and COVID-19 
variants in different regions may influence the out-
comes observed in the studies. Subgroup analyses 
were thus stratified based on geographical location to 
examine these effects.

To further evaluate the robustness of the findings, 
publication bias was assessed using several statistical 
methods. Egger’s regression test was employed to quan-
titatively evaluate asymmetry in the funnel plot, with sig-
nificant results indicating the presence of a publication 
bias. In addition, Kendall’s Tau was used to assess the 
correlation between the effect sizes and their variances, 
providing information on the likelihood of bias in smaller 
studies. Finally, the Fail-safe N calculation was performed 
to estimate the number of additional studies with null 
results required to negate the overall effect observed in 
the meta-analysis, therefore evaluating the reliability of 
the conclusions drawn. Through these comprehensive 
analyses, the meta-analysis aimed to provide a nuanced 
understanding of the relationship between T2DM and 
COVID-19 outcomes while accounting for between study 
variability and potential bias.

Outcome measures
The primary outcomes were:

1. Mortality: The odds of death in COVID-19 patients 
with T2DM compared to patients without T2DM.

2. Severity: The odds of developing severe COVID-19 
in patients with T2DM compared to non-diabetic 
patients.

3. Mechanical Ventilation: The odds of patients with 
T2DM requiring mechanical ventilation compared to 
patients without diabetes.

Software
All statistical analyses were performed using Jamovi 
software, version 2.6.13, with the “meta” package for 
meta-analysis.

Reporting
Results were reported as pooled odds ratios (ORs) with 
95% confidence intervals (CIs). Forest plots (Fig. 2) were 
generated to visualize the effect sizes between studies, 
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and funnel plots were used to assess publication bias 
(Fig. 3).

Sensitivity analysis
Sensitivity analyses were performed by excluding low-
quality studies and studies with extreme effect sizes to 
evaluate the robustness of the findings.

Interpretation
The results were interpreted in the context of existing 
literature, with comparisons drawn to similar recent 
studies to assess the consistency and reliability of the 
findings.

Results
Characteristics of the studies
The studies included in the systematic review and 
meta-analysis differed in several dimensions, such as 
study design, sample size and, the specifics of diabetes 
management and outcomes (Table 2).

Study design and sample size
Most studies were observational in design (e.g., retro-
spective or cross-sectional), with some including large 
cohorts (e.g., Austin et  al., 2022, with 1,439,520 par-
ticipants) [19]. Sample sizes ranged widely from smaller 
studies (e.g., Samin et  al., 2022, with 120 patients) [20] 

Fig. 2 A forest plot showing the relationship between T2DM and A mortality in COVID-19, and B severity in COVID-19
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Fig. 3 Funnel plots showing the association between T2DM and association between A mortality, B severity and C mechanical ventilation 
in COVID-19 patients
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to large cohorts (e.g., Moftakhar et al., 2021, with 16,391 
patients) [21].

Diabetes and non‑diabetes groups
Most studies compared outcomes between patients with 
type 2 diabetes mellitus (T2DM) and those without dia-
betes. Diabetic patients often had more comorbidities 
and complications, which were generally described in 
detail (e.g., Alshukry et al., 2021 [22], reported significant 
comorbidities such as hypertension in diabetic patients).

Outcomes assessed
Studies assessed various outcomes, including mortality, 
severity of illness, need for mechanical ventilation, and 
ICU admission. For example, Bode et al., 2020 [23], high-
lighted higher mortality rate and longer hospital stays in 
diabetic patients. Studies, such as Ortega et al., 2022 [24], 
focused on the relationship between blood glucose levels 
and treatment outcomes and showed demonstrating the 
impact of glycemic control on mortality and the need for 
mechanical ventilation.

Effect size and resource utilization
Effect sizes varied among studies, with many showing a 
significant increase in mortality and resource utilization 
in diabetic patients (e.g., Akbariqomi et  al., 2020 [25], 
showing a higher mortality rate in diabetic patients).

Quality assessment
The Newcastle–Ottawa Scale (NOS) was used to assess 
study quality. The included studies varied in quality but 
generally met high standards.

Selection and comparability
Studies with higher NOS scores (e.g., Alshukry et  al., 
2021, with a score of 14.01) were well-designed and had 
rigorous selection criteria and comparability between 
diabetic and non-diabetic groups. Some studies had 
lower NOS scores, including possible limitations in sam-
ple size or methodological rigor (e.g., Altin et  al., 2022, 
with a score of 1.855) [26].

Outcome assessment
Most studies reported comprehensive outcome data on, 
although some did not provide detailed information on 
specific symptoms (e.g., Heald et al., 2022) [27]. The qual-
ity was reflected in the robustness of the effect sizes and 
the precision of the estimates. Espiritu et  al., 2021 [28], 
for example, provided detailed adjusted odds ratios for 
various adverse outcomes.

Inclusion and exclusion criteria
All studies adhered to the inclusion criteria i.e. they 
focused on adult COVID-19 patients and examined 
the impact of T2DM on outcomes. However, some had 
limitations related to missing data or a lack of detail on 
certain aspects, which affected their quality assessment. 
The exclusion criteria were well followed, excluding case 
reports and studies with incomplete data.

In general, the studies provide a detailed overview of 
the impact of T2DM on COVID-19 outcomes. High-
quality studies generally showed a clear association 
between diabetes and increased adverse outcomes, while 
studies with lower NOS scores may have had methodo-
logical weaknesses that should be considered when inter-
preting their findings.

In the present meta-analysis, three key outcomes were 
evaluated to assess the relationship between type 2 dia-
betes mellitus (T2DM) and COVID-19 outcomes: mor-
tality, severity of illness, and the need for mechanical 
ventilation. The analysis utilized a random-effects model 
across various studies, and rigorous heterogeneity and 
publication bias assessments were performed to ensure 
the robustness of the results (Table 3).

Mortality
The random-effects model incorporating data from 18 
studies, found a significant association between T2DM 
and increased mortality in COVID-19 patients (Fig.  3). 
The model estimated an effect size of 3.6553 (SE = 0.7444), 
with a Z-value of 4.9103 and a p-value < 0.001, indicating 
a robust and statistically significant effect. The 95% (CI) 
of 2.1963 to 5.1143 further confirms the increased mortal-
ity risk in COVID-19 patients with T2DM. These results 
indicate that individuals with T2DM have significantly 
higher risk of death when infected with COVID-19 than 
individuals without T2DM.

Heterogeneity analysis yielded a  Tau2 value of 8.1587 
(SE = 3.4058) and an  I2 statistic of 83.83%, indicating sub-
stantial heterogeneity across studies. This indicates con-
siderable variability in effect sizes among the included 
studies, likely due to differences in study populations, 
settings, or methodologies. The Q-Statistic of 89.4414 
(p < 0.001) further supports the presence of statistically 
significant heterogeneity. Nevertheless, the Fail-Safe N 
of 905 suggests that a large number of additional stud-
ies with null results would be required to invalidate the 
observed effect, providing further confidence in the 
robustness of the findings. Additionally, Kendall’s Tau 
(0.2157, p = 0.229) and Egger’s Regression (0.8804, p = 
0.379) indicate that there is no significant publication 
bias, affirming the validity of the results.
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Severity of illness
The analysis of the severity of COVID-19 in patients with 
T2DM based on data from six studies also demonstrated 
a significant association (Fig.  3). The random-effects 
model estimated an effect size of 1.9692 (SE = 0.4844), 
with a Z-value of 4.0650 and a p-value < 0.001, indicat-
ing that T2DM is associated with more severe illness in 
COVID-19 patients. The 95% CI, ranging from 1.0197 to 
2.9187, underscores the robustness of this association.

In contrast to the mortality outcome, the heterogene-
ity analysis for severity showed no observed heteroge-
neity, with a  Tau2 of 0 and an  I2 of 0%. The Q statistic 
(4.3127, p = 0.505) confirmed the absence of significant 
variability across studies, suggesting consistent findings. 
The Fail-Safe N of 32 indicates that a moderate number 
of studies with null-results would be required to chal-
lenge the observed effect, further supporting the strength 
of the evidence. Publication bias assessments, including 
Kendall’s Tau (0.2000, p = 0.719) and Egger’s Regression 
(0.7853, p = 0.432), also showed no significant bias, indi-
cating that the results are unlikely to be influenced by 
selective reporting.

Need for mechanical ventilation
A similar pattern was observed regarding the need 
for mechanical ventilation in COVID-19 patients 
with T2DM (Fig.  3). Data from five studies showed a 

significant association, with an estimated effect size of 
2.3351 (SE = 0.5907), a Z-value of 3.9533, and a p-value 
< 0.001. The 95% CI ranged from 1.1774 to 3.4928, sup-
porting the conclusion that T2DM significantly increases 
the likelihood of needing mechanical ventilation.

As with the severity outcome, no heterogeneity was 
found in this analysis  (Tau2 = 0,  I2 = 0%). The Q statistic 
(3.4275, p = 0.489) confirmed the absence of significant 
heterogeneity across the studies. The Fail-Safe N of 26 
suggests that a small, but significant, number of stud-
ies with null results would be required to negate the 
observed effect. Both Kendall’s Tau (0.6000, p = 0.233), 
and Egger’s regression (1.2936, p = 0.196) indicated no 
significant publication bias. Finally, equivalence testing 
by two one-sided tests revealed a significant lower bound 
(Z = 4.7998, p < 0.001), supporting the meaningful asso-
ciation between T2DM and increased need for mechani-
cal ventilation.

The pooled effect under the common effect model 
shows a significant negative effect (− 9.38), indicating a 
consistent effect direction across studies (Fig.  4). How-
ever, due to high heterogeneity, the random effects model 
is more appropriate. The random effects model yields a 
less precise pooled estimate (− 6.95), and its CI crosses 
zero, suggesting that the overall effect may not be statisti-
cally significant when accounting for the variability across 
studies. The significant heterogeneity indicates that the 

Fig. 4 Forest Plot of Standardized Mean Differences: Meta-Analysis of Study Effect Sizes with High Heterogeneity according to mortality
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studies are not entirely comparable, and the effects likely 
vary across different study contexts or populations.

Discussion
Type 2 diabetes mellitus (T2DM) is a known risk factor 
for severe outcomes in various infectious diseases [37–
40], and its role in the context of COVID-19 has attracted 
considerable attention [41–45]. As observed in several 
studies, the presence of T2DM in patients with COVID-
19 significantly increases the risk of mortality, severity 
and need for mechanical ventilation [40, 41]. The interre-
lationship between these conditions stems from the com-
plex pathophysiological mechanisms underlying both 
T2DM and COVID-19, leading to exacerbated immune 
responses, increased inflammatory states and impaired 
pulmonary and cardiovascular functions [46–49].

Mortality and severity
Several studies have confirmed that individuals with 
T2DM have an increased risk of developing severe 
COVID-19 [50–52]. A meta-analysis conducted by Brad-
ley et al. (2022) [41] revealed that diabetics have a higher 
mortality when hospitalized with COVID-19 compared 
to non-diabetics [41]. T2DM patients, especially those 
with poor glycemic control, tend to have an exaggerated 
inflammatory response. This inflammatory state, char-
acterized by elevated cytokine levels such as interleu-
kin-6 (IL-6), contributes to the cytokine storm observed 
in severe COVID-19 cases, and increased the likelihood 
of complications such as acute respiratory distress syn-
drome (ARDS), multi-organ failure and subsequent death 
[12, 53, 54].

Hyperglycemia, a hallmark of diabetes, is associated 
with impaired immune response via the alteration of 
cytokine and leukocyte response, leading to increased 
viral replication, and dysregulated coagulation pathways 
that exacerbate the severity of COVID-19. Dysfunctional 
neutrophil activity, reduced T-cell response, and impaired 
macrophage function contribute to the increased severity 
of infections in diabetics. These immunological altera-
tions may explain why diabetics experience more severe 
COVID-19 outcomes [12]. Additionally, the gut microbi-
ome plays a crucial role in immune homeostasis, and its 
alterations in diabetics could influence COVID-19 sever-
ity by modulating systemic inflammation and immune 
function [54].

Moreover, diabetic patients often have comorbidi-
ties such as hypertension and cardiovascular disease, 
both of which have been independently associated with 
poorer outcomes in COVID-19. As Tadic et  al. discuss, 
hypertension, which often accompanies T2DM, remains 
a controversial but significant factor that can exacerbate 

the severity of COVID-19, further complicating disease 
progression and increasing the mortality risk. More so, 
Emerging evidence suggests that viral replication, viral 
load, and persistence may differ in diabetics compared 
to non-diabetics. Hyperglycemia may create an envi-
ronment conducive to prolonged viral shedding and 
increased viral burden. These differences in viral dynam-
ics may be driven by both metabolic factors and immune 
dysregulation, warranting further investigation [52].

Mechanical ventilation
Mechanical ventilation is a crucial measure in patients 
who develop severe respiratory complications due to 
COVID-19, particularly in patients with ARDS [55]. It 
has been observed that diabetic patients require mechan-
ical ventilation more frequently than their non-diabetic 
counterparts due to their predisposition to severe lung 
involvement [56, 57]. Tzotzos et  al. (2020) [43] demon-
strated that diabetic individuals were overrepresented 
among COVID-19 patients who developed ARDS, a con-
dition necessitating advanced ventilatory support [58]. 
The combination of hyperglycemia, immune dysfunction, 
and chronic inflammation in T2DM contributes to res-
piratory compromise and necessitates mechanical venti-
lation in severe cases [59–61].

Myocardial injury, which is common in severe COVID-
19 patients with diabetes, also plays a crucial role in the 
need for mechanical ventilation. Metkus et al. (2020) [44] 
highlighted that myocardial injury in COVID-19 patients 
with T2DM occurs more frequently than in non-diabetic 
individuals with ARDS due to non-COVID-19 causes. 
The interplay between cardiovascular complications and 
lung failure in diabetic COVID-19 patients places sig-
nificant strain on the airway of the respiratory systems, 
leading to an elevated need for ventilatory support [54]. 
Furthermore, pre-existing diabetic vascular complica-
tions, such as endothelial dysfunction and microvascular 
injury, are exacerbated by the thrombotic and inflamma-
tory processes associated with COVID-19, contributing 
to poor oxygenation and increased mechanical ventila-
tion requirements [55]. As noted by Gęca et  al. (2022) 
[12] this exacerbation leads to a higher risk of respiratory 
failure and mortality, particularly in patients with poorly 
controlled T2DM [11].

Overall, these findings contribute to the growing body 
of evidence highlighting the importance of manag-
ing T2DM in the context of COVID-19. They reinforce 
the need for targeted interventions, such as stringent 
glycemic control, personalized treatment approaches 
for comorbid conditions, and potential use of anti-
inflammatory therapies to improve outcomes in this 
vulnerable population [50]. While the results align with 
existing theories on the impact of metabolic dysfunction 
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in infectious diseases, they also present new avenues for 
exploration, particularly regarding the interplay between 
diabetes, immune response, and cardiovascular compli-
cations in viral infections. Future studies should aim to 
elucidate these mechanisms further, incorporating pro-
spective designs and interventional approaches to refine 
our understanding of how T2DM shapes COVID-19 
severity and mortality.

Limitations of the study
The study on the association between T2DM and 
COVID-19 mortality, severity, and mechanical ventila-
tion has several limitations that must be acknowledged. 
A major limitation is the substantial heterogeneity among 
the included studies in terms of population demograph-
ics, healthcare systems, and treatment protocols, which 
can significantly affect the generalizability of the findings. 
Differences in the availability and quality of healthcare 
resources, variations in diagnostic criteria, and dispari-
ties in access to intensive care may have contributed to 
inconsistencies in reported outcomes. Another key limi-
tation is the presence of confounding factors, particu-
larly comorbid conditions such as hypertension, obesity, 
and cardiovascular disease, which frequently coexist 
with T2DM. While some studies attempted to adjust for 
these factors, the extent to which they were adequately 
accounted for varies, making it challenging to isolate the 
independent effect of T2DM on COVID-19 outcomes. 
Additionally, the lack of consistent and standardized 
data on glycemic control among patients limits the abil-
ity to determine whether poor glycemic management 
contributes to worse outcomes or if the risk is primar-
ily driven by diabetes itself. The retrospective nature of 
many included studies further restricts causal inference, 
as they are inherently prone to biases such as recall bias 
and selection bias.

The quality of the studies included in the meta-analysis 
also presents a limitation. Many studies relied on obser-
vational designs, and while efforts were made to include 
only peer-reviewed research, methodological differences 
and potential biases in individual studies could impact 
the overall findings. Publication bias remains a concern, 
as studies reporting significant associations between 
T2DM and adverse COVID-19 outcomes may have been 
more likely to be published than those reporting null or 
weak associations. This could lead to an overestimation 
of the risks associated with T2DM. Another challenge 
is the variation in the definition of"severe"COVID-19 
across studies. Some studies categorized severity based 
on clinical symptoms and hospitalization status, while 
others used criteria such as ICU admission or spe-
cific biomarkers. These discrepancies complicate direct 

comparisons and may introduce inconsistencies in effect 
estimates. Furthermore, differences in treatment proto-
cols and medical interventions across countries and time 
periods may have influenced patient outcomes, making it 
difficult to draw uniform conclusions.

The exclusion of milder COVID-19 cases in many stud-
ies limits the ability to assess the full spectrum of disease 
severity in individuals with T2DM. Additionally, data on 
long-term outcomes, including post-COVID complica-
tions and recovery trajectories, were scarce, reducing the 
comprehensiveness of the analysis. Finally, the potential 
impact of emerging SARS-CoV-2 variants was not fully 
accounted for in most studies, as new variants with dif-
ferent pathogenic profiles and immune escape potential 
could alter the relevance of the findings over time. Future 
research should address these gaps by incorporating 
prospective studies, standardized definitions of severity, 
and more detailed data on glycemic control and comor-
bid conditions to provide a clearer understanding of the 
relationship between T2DM and COVID-19 outcomes. 
Additionally, future studies should aim to minimize 
biases by employing rigorous study designs, ensuring 
adequate control for confounders, and utilizing stand-
ardized methodologies for data collection and outcome 
assessment.

Conclusion
The interrelationship between T2DM and COVID-19 
outcomes such as mortality, severity and the need for 
mechanical ventilation is determined by a combination 
of metabolic dysfunction, chronic inflammation and 
immune dysregulation. Patients with T2DM are predis-
posed to severe respiratory and cardiovascular complica-
tions when infected with COVID-19, resulting in higher 
rates of mortality and a higher need for mechanical 
ventilation. Addressing these risk factors through strict 
glycemic control and early intervention in diabetic indi-
viduals could mitigate the adverse outcomes associated 
with COVID-19 for this vulnerable population. Further 
research into the mechanisms of this interrelationship is 
crucial for improving clinical management and reducing 
mortality in diabetic patients affected by COVID-19.

Registration and protocol statement
The current study was registered on PROSPERO with the 
ID number: CRD42024524007. The review protocol can 
be accessed via the PROSPERO registry. Subsequently, 
amendments were made to the information provided at 
registration. Specifically, the title of the study was revised 
to the current title, and the number of authors was 
increased from 4 to 7 to accommodate additional con-
tributors who brought relevant expertise to the study.
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