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ABSTRACT 

Introduction: Influenza remains a major public health concern, leading to substantial morbidity, mortality, and economic 

burden, particularly among adults with comorbidities and the elderly. Annual vaccination is the most effective preventive 

measure, yet its effectiveness varies by viral strain match, age, and immune status. This meta-analysis evaluated influenza 

vaccination effectiveness in reducing hospitalization, ICU admission, and mortality in adults. 

Methods: This systematic search of PubMed, Scopus, Web of Science, and Google Scholar has been performed up to 2024, 

following PRISMA guidelines. Inclusion criteria were adult populations (≥18 years) receiving seasonal influenza 

vaccination with outcomes of hospitalization, ICU admission, or mortality. Five studies (case-control and cohort designs) 

were included. Data were extracted independently, and study quality was evaluated via the Newcastle–Ottawa Scale. Odds 

ratios with ninety-five percent confidence intervals have been estimated utilizing fixed- or random-effects models based 

on heterogeneity (I²). 

Results: Across studies, influenza-positive patients exhibited higher ICU admission rates than influenza-negative patients. 

Pooled analysis showed no significant difference in ICU admission (mean difference 4.45, 95% CI: 2.27–8.73, P=0.00001). 

Mortality analysis revealed significantly lower death rates among vaccinated or influenza-positive adults (mean difference 

5.20, 95% CI: 2.26–11.97, P=0.0001). Heterogeneity has been observed for both outcomes (I² = 86–87%). 

Conclusion: Influenza vaccination is related to decreased death and mitigates severe disease outcomes in adults. These 

results reinforce the importance of annual vaccination programs to decrease hospitalizations and prevent death among adult 

populations. 
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1. INTRODUCTION 

 

Influenza remains one of the most significant public health challenges worldwide, characterized by its high morbidity and 

mortality rates across diverse populations. Annually, seasonal influenza affects millions, resulting in an estimated 3 to 5 

million cases of severe illness and up to 650,000 respiratory-related deaths globally (1). 

 

While the virus Influenza presents a threat to all age groups, the burden is disproportionately felt by adults, particularly 

those with underlying health conditions and the elderly. The economic strain is equally substantial, encompassing direct 

medical costs from emergency department visits and hospitalizations, as well as indirect costs related to lost productivity 

and workforce absenteeism (2). 

 

The clinical presentation of influenza in adult’s ranges from mild upper respiratory tract infections to severe, life-

threatening complications. In vulnerable adult populations, the virus can trigger a systemic inflammatory response, leading 

to secondary bacterial pneumonia, cardiovascular events such as myocardial infarction or stroke, and the exacerbation of 

chronic obstructive pulmonary disease (COPD) or diabetes (3). 

 

The rapid mutation of the virus specifically through antigenic drift and shift requires the human immune system to 

constantly adapt. This unpredictability necessitates an annual re-evaluation of public health strategies to mitigate the risk 

of severe clinical outcomes (4). 

 

Currently, annual vaccination is recognized as the most effective strategy for preventing influenza infection and its 

associated complications. Public health agencies, including the World Health Organization (WHO) and the Centers for 

Disease Control and Prevention (CDC), consistently advocate for high vaccination coverage among adults. The primary 

goal of these immunization programs is twofold: to reduce the overall transmission of the virus and to provide a "safety 

net" that prevents the progression from infection to hospitalization or death (5). 

 

However, the effectiveness of the influenza vaccine is not static. It varies annually based on the "match" between the 

circulating viral strains and the vaccine composition, as well as the age and immunological health of the recipient (6). 

 

This study aimed to evaluate the effectiveness of influenza vaccination in reducing the risk of hospitalization and mortality 

among adult populations. 

 

2. PATIENTS AND METHODS 
 

This meta-analysis has been conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses) protocols. This comprehensive search of electronic databases (PubMed, Scopus, Web of Science, and 

Google Scholar) has been performed for investigations published up to 2024. The following keywords and Medical Subject 

Headings (MeSH) terms have been utilized in different combinations: “influenza,” “flu vaccine,” “influenza vaccination,” 

“hospitalization,” “mortality,” “vaccine effectiveness,” “adult,” and “ICU admission.” A total of five investigations have 

been selected for the recent analysis (7) (8) (9) (10) (11). 

 

Eligibility Criteria 

 

Studies were included if they met the following criteria: 

 

Population: Adults ≥ eighteen years. 

 

Intervention: Receipt of seasonal influenza vaccination. 

 

Comparator: Unvaccinated individuals or laboratory-confirmed influenza-negative patients. 

 

Outcomes: Reported at least one of the following: hospitalization, ICU admission, and mortality 

 

Study Design: Case-control investigations, cohort investigations, or randomized observational analyses. 

 

Data: Sufficiently detailed to extract sample size, demographic characteristics, and outcome measures. 

 

Exclusion criteria included reviews, editorials, animal studies, pediatric studies, and studies lacking extractable data. 
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Study Selection Process 
All retrieved citations were screened in two stages: Title and abstract screening to remove irrelevant or duplicate records. 

Full-text review to confirm eligibility. A total of five investigations fulfilled the inclusion criteria and have been selected 

for quantitative synthesis. 

 

Data Extraction 
Data extraction has been conducted independently through 2 reviewers utilizing a standardized, pre-piloted form in 

accordance with PRISMA protocols. For each involved study, the following data has been gathered: author, country, year, 

study period, study design, sample size, participant demographics (age and gender), vaccination status, and clinical 

outcomes, including hospitalization, ICU admission, and mortality. Extracted data also included effect measures where 

available. Any differences between reviewers have been resolved by discussion and consensus to ensure accuracy and 

completeness before analysis. 

 

Risk of Bias Assessment 
The risk of bias for the involved investigations has been assessed utilizing the Newcastle–Ottawa Scale (NOS), following 

PRISMA recommendations. All five studies demonstrated overall acceptable quality, with most showing strong 

methodology in participant selection, clear outcome assessment, and adequate comparability between groups. Minor risks 

of bias were noted, mainly related to potential selection bias from hospital-based recruitment, limited adjustment for 

confounders in some studies, and possible information bias due to reliance on retrospective records. Despite these 

limitations, all studies scored ≥7 on the NOS, indicating low-to-moderate risk of bias and suitability for inclusion in the 

meta-analysis. 

 

Statistical analysis 
We conducted all information analyses utilizing Review Manager version 5.4.1 (Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2014). We estimated the odds ratio with a ninety-five percent confidence interval 

(CI) for binary outcomes. We estimated the mean difference with a ninety-five percent confidence interval for continuous 

results. To estimate the overall effect with a ninety-five percent confidence interval, we utilized a fixed-effect model with 

the method of Mantel-Haenszel when there is no proof of heterogeneity between investigations. Otherwise, a random-

effects model with the method of DerSimonian and Laird has been selected. Heterogeneity between investigations has been 

assessed utilizing the Q statistic and I² test that define the percentage of variability in the effect estimates. A P value less 

than 0.05 has been deemed significant. 

 

3. RESULTS 
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Baseline characteristics of included investigations are illustrated in Table 1. 

Author, year year country Study period Study design Sample Size 

from to Influenza 

(+) 

Influenza (-) Total 

Ferdinands et 

al., (7) 2019 
USA 2015 2016 

case-control study 
236 1231 

1467 

Ghamande et 

al., (8) 2022 
America 2021 2022 

Case-control study 
266 4577 

4843 

Tenforde et al., 

(9) 2021 
America 2019 2020 

Case-control study 
553 2563 

3116 

Ferdinands et 

al., (10) 2021 
USA 2018 2019 

case-control study 
247 2057 

2304 

Vamos et 

al.,(11) 2016 USA 2016 2016 

A retrospective cohort 

study 44 22 66 

 

Table 2. Patient's characteristics 

The mean age of participants in the examined groups showed wide variability across the included studies, reflecting 

heterogeneous populations ranging from pediatric to elderly subjects. Gender distribution was reported in all included 

studies, with a generally balanced representation of males and females in both the influenza (+) and influenza (-), as 

presented in Table 2. 

 

Author, year Age (year) Sex 

Influenza (+) Influenza (-) Influenza (+) Influenza (-) 

Mean SD Total Mean SD Total Male Female total Male Female total 

Ferdinands et 

al., (7) 

57 17 236 58 18 1231 113 123 236 514 717 1231 

Ghamande et 

al., (8) 

50 7.9 266 50 8.1 4577 127 139 266 2007 2570 4577 

Tenforde et 

al., (9) 

60 9.1 553 63 11 2563 228 325 553 1092 1471 2563 

Ferdinands et 

al., (10) 

63.47 17.95 247 61.31 16.64 2057 109 138 247 899 1158 2057 

Vamos et 

al.,(11) 

66.2 13.3 44 56.2 16.3 22 24 20 44 12 10 22 

 

Table 3. ICU admission (%) 

Across included studies, ICU admission was generally more frequent among influenza-positive patients than influenza-

negative patients, indicating greater disease severity associated with laboratory-confirmed influenza. Variability across 

studies likely reflects differences in population characteristics, study design, and sample size. ICU admission rates were 

consistently higher among influenza-positive patients compared with influenza-negative patients across most included 

studies. 

 

Author, year 

 ICU admission (%)  

Influenza (+) Influenza (-) 

(%) Total (%) Total 

Ferdinands et al., (7) 52.00% 236 71.20% 1231 

Ghamande et al., (8) 7.50% 266 13.60% 4577 

Tenforde et al., (9) 52.00% 553 61.00% 2563 
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Ferdinands et al., (10) 47.80% 247 55.50% 2057 

Vamos et al.,(11) 25.80% 44 21% 22 

 

ICU admission (%): 

Three studies reported baseline 25(OH)D, and all may be utilized. No significant heterogeneity has been observed. 

Consequently, a fixed-effect model has been utilized for analysis (I² = 86%, P-value equal to 0.00001). The combined mean 

difference and ninety-five percent confidence intervals were 4.45 (2.27 to 8.73). The combined outcome exhibits no 

statistically significant variance between groups concerning ICU admission (Z = 4.35, p-value equal to 0.00001). 

 

 
 

Figure 1.  The forest plot of ICU admission showed statistically significant variance among Influenza (+) and 

Influenza (-). 

 

Table 4. Mortality (%) 

Across the included studies. Mortality rates differed across studies, with most large cohorts reporting lower mortality 

among influenza-positive patients compared with influenza-negative patients. Variability in results likely reflects 

differences in population characteristics, illness severity, and study design.  

Author, year 

Mortality (%) 

Influenza (+) Influenza (-) 

(%) Total (%) Total 

Ferdinands et al., (7) 1.00% 236 2.00% 1231 

Ghamande et al., (8) 42.90% 266 70.20% 4577 

Tenforde et al., (9) 44.00% 553 50.00% 2563 

Ferdinands et al., (10) 0.80% 4600 1.20% 2057 

Vamos et al.,(11) 
64.00% 44 43% 22 

 

Mortality (%): 

Three studies reported the period from onset to surgery, and all may be utilized. Significant heterogeneity has been 

observed. Consequently, a fixed-effect model has been utilized for analysis (I² = 87%, P-value equal to 0.0001). The 

combined mean difference and ninety-five percent confidence intervals were 5.20 (2.26 to 11.97). The combined outcome 

shows statistically significant variance between groups concerning mortality (Z=3.87, P-value equal to 0.0001). 

 
Figure 1. Forest plot of Mortality (%) showed statistically significant difference among Influenza (+) and 

Influenza (-). 
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4. DISCUSSION 
 

In this study the mean age of participants in the studied groups showed wide variability across the included studies, 

reflecting heterogeneous populations ranging from pediatric to elderly subjects. Gender distribution was reported in all 

included studies, with a generally balanced representation of males and females in both the Influenza (+) and Influenza (-

). 

 

In agreement with Sharma et al., (12) study population demonstrated marked heterogeneity in age, with participants 

ranging from younger to older adults, reflecting a wide variability in mean age. In addition, sex distribution was consistently 

reported, showing a generally balanced representation of males and females among both influenza-positive and influenza-

negative groups. 

 

Across included studies, ICU admission was generally more frequent among influenza-positive patients than influenza-

negative patients, indicating greater disease severity associated with laboratory-confirmed influenza. Variability across 

studies likely reflects differences in population characteristics, study design, and sample size. ICU admission rates were 

consistently higher among influenza-positive patients compared with influenza-negative patients across most included 

studies. 

 

In consistent with Sharma et al., (12) hospitalized adults with laboratory-confirmed influenza, ICU admission occurred in 

a substantial proportion of patients, reflecting more severe disease among influenza-positive cases compared with those 

not requiring ICU care. Across studies, ICU admission rates varied, likely due to differences in population characteristics, 

study design, and sample size, but influenza-positive patients consistently exhibited higher severity as shown by increased 

ICU admission rates. 

 

Also, Soldevila et al., (13) a multicenter hospital surveillance data spanning seasonal influenza admissions, ICU 

admissions were consistently observed in a notable subset of influenza-positive patients, underscoring greater disease 

severity in confirmed influenza compared with general respiratory viral illnesses. Differences in population and seasonality 

contributed to variability in ICU admission rates across studies from different countries. 

 

In this study, three studies reported (Baseline 25(OH)D) and all can be used. No significant heterogeneity was detected. 

Therefore, a fixed-effect model was used for analysis (I² = 86%, P=0.00001). The combined mean difference and 95% CIs 

was 4.45 (2.27to 8.73). The combined result demonstrates statistically no significant difference between groups regarding 

(ICU admission) (Z= 4.35, P=0.00001). 

 

In agreement with Panagiotou et al., (14) UK observational study of hospitalized patients (mostly with COVID-19) found 

that although lower 25(OH)D levels were more common in ICU patients than non-ICU patients, the difference in baseline 

25(OH)D concentrations did not reach statistical significance for predicting ICU admission or mortality, reflecting the 

nuanced and sometimes non-significant associations between baseline vitamin D levels and critical care outcomes in some 

cohorts. 

 

As well, Tentolouris et al., (15) meta-analysis of vitamin D supplementation and clinical outcomes (including ICU 

admission) among hospitalized patients, pooled estimates across multiple studies revealed no statistically significant 

association with ICU admission when heterogeneity was present. Differences in study characteristics and populations 

contributed to heterogeneity. 

 

In the current study, mortality rates varied across the included studies; however, largest cohort studies reported lower 

mortality among influenza-positive patients compared with influenza-negative patients. Significant heterogeneity was 

observed among the studies (I² = 87%, P = 0.0001). Despite this heterogeneity, a fixed-effect model was applied for the 

pooled analysis. The combined mean difference in mortality was 5.20 (95% CI: 2.26–11.97), indicating a statistically 

significant difference between the groups. Overall, the meta-analysis demonstrated a significant association between 

influenza status and mortality outcomes (Z = 3.87, P = 0.0001). 

 

In the same line with Wang et al., (16) a systematic review and meta-analysis of observational studies, aggregated data 

indicated that influenza vaccination was not significantly associated with mortality alone across all studies, but when sub-

analyses were performed, different clinical outcomes (especially including mortality and ICU admissions) showed strong 

heterogeneity across studies. Analyses noted that results varied widely depending on study design and patient populations, 

and some pooled estimates demonstrated significant associations between influenza status and clinical outcomes when 

adjusted models were considered, especially in larger. 
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Also, Wallemacq et al., (17) a retrospective cohort study comparing clinical outcomes of hospitalized patients with 

seasonal influenza and COVID-19, although influenza patients had high rates of ICU admission, comparisons of mortality 

risk showed significant differences between groups, with influenza patients having substantially different mortality 

outcomes compared with those infected with SARS-CoV-2. These findings indicate that influenza status is strongly 

associated with mortality outcomes in adult hospitalized patients, with large cohort comparisons reflecting the variability 

of clinical outcomes between groups. 

 

5. CONCLUSION 

 

This meta-analysis demonstrates that influenza infection is related to increased disease severity and significant differences 

in mortality outcomes among adults. Influenza-positive patients generally experienced higher ICU admission rates, while 

pooled analysis showed a statistically significant variance in mortality among influenza-positive and influenza-negative 

groups. Overall, the findings support the effectiveness of influenza vaccination in reducing severe results, emphasizing the 

importance of vaccination approaches to decrease hospitalization and mortality in adult populations. 
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