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Clinical Question Box 13 

Among older adults, is high-dose influenza vaccination more effective and equally safe compared 14 

with standard-dose vaccination? 15 

In adults aged ≥65 years, high-dose influenza vaccines provide greater protection against 16 

influenza infection and influenza-related hospitalization than standard-dose vaccines, with similar 17 

rates of serious adverse events. The certainty of evidence is moderate for reductions in influenza 18 

occurrence and safety outcomes and low for hospitalization and mortality outcomes. However, as 19 

reductions in all-cause hospitalization and mortality have not been consistently demonstrated, the 20 

implementation of high-dose vaccination should be considered in the context of local 21 

epidemiology, healthcare resources, and policy priorities. 22 

  23 
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Abstract 24 

Background: Older adults are at increased risk of severe influenza outcomes, partly due to reduced 25 

immune responses to standard-dose vaccines. High-dose influenza vaccines were thus developed 26 

to enhance protection, but evidence of their clinical outcomes and safety remains evolving. 27 

Methods: A systematic review and meta-analysis of randomized controlled trials examining the 28 

efficacy of high-dose versus standard-dose inactivated influenza vaccines in adults aged ≥65 years 29 

was performed. PubMed, Embase, Cochrane Library, and Web of Science were searched from 30 

inception to January 1, 2026. Clinical outcomes included influenza occurrence, influenza- or 31 

pneumonia-related hospitalization, all-cause hospitalization, mortality, and serious adverse events. 32 

Random-effects models were used to pool effect estimates. 33 

Results: Eight randomized controlled trials including 610,266 participants were analyzed. High-34 

dose influenza vaccination significantly reduced hospitalization due to influenza compared with 35 

standard-dose vaccination (odds ratio [OR] 0.71, 95% confidence interval [CI] 0.61–0.81; I² = 0%) 36 

and modestly reduced hospitalization due to respiratory infection (OR 0.88, 95% CI 0.82–0.95; I² 37 

= 53.8%). No statistically significant differences were observed for all-cause hospitalization (OR 38 

0.90, 95% CI 0.80–1.01; I² = 80.5%) or all-cause mortality (OR 0.96, 95% CI 0.90–1.03; I² = 39 

58.6%). Serious adverse events were comparable between groups (OR 1.00, 95% CI 0.97–1.02; I² 40 

= 0%). Absolute reductions corresponded to 135 fewer influenza hospitalizations and 266 fewer 41 

respiratory infection hospitalizations among high-dose vaccine recipients. 42 

Conclusions: High-dose inactivated influenza vaccines improve protection against influenza and 43 

influenza-related hospitalization in older adults without increasing serious adverse events. 44 
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However, their implementation should be considered in the context of local epidemiology, 45 

healthcare resources, and policy priorities. 46 

Keywords: High-dose influenza vaccine; Standard-dose influenza vaccine; Older adults; Vaccine 47 

effectiveness; Hospitalization; Safety 48 
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Introduction 50 

Seasonal influenza remains a major cause of global morbidity and mortality, posing a 51 

substantial and recurrent burden on healthcare systems worldwide.1 According to recent estimates 52 

by the World Health Organization, seasonal influenza leads to approximately 1 billion infections 53 

annually, of which 3–5 million cases are severe, resulting in an estimated 290,000–650,000 54 

influenza-related respiratory deaths each year.2 Older adults bear a disproportionate share of this 55 

burden. Individuals aged 65 years and above, particularly those with underlying chronic conditions 56 

such as cardiovascular disease, chronic respiratory illness, diabetes, and immunocompromising 57 

conditions, account for the majority of influenza-associated hospitalizations and deaths.3 58 

Surveillance data from recent influenza seasons in high-income countries continue to demonstrate 59 

substantial excess hospitalizations and mortality among older adults despite widespread 60 

vaccination coverage, underscoring the need for more effective preventive strategies.4 61 

Vaccination remains the cornerstone of influenza prevention, as it is the most effective 62 

public health intervention to reduce influenza-associated illness, complications, and mortality. 63 

Seasonal influenza vaccines are updated annually to match predicted circulating strains and are 64 

widely recommended for all individuals aged six months and older, with particular emphasis on 65 

high-risk populations.5 Over time, different types of influenza vaccines have been developed to 66 

address variability in immune responses across populations. These include standard-dose 67 

inactivated influenza vaccines, live attenuated influenza vaccines, recombinant influenza vaccines, 68 

adjuvanted formulations, and high-dose inactivated influenza vaccines.6,7 Each type of vaccine is 69 

designed to optimize immune protection through different mechanisms, such as antigen dose 70 
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escalation, use of immune-enhancing adjuvants, or application of alternative manufacturing 71 

platforms.8 72 

Vaccine-induced protection varies by age. In older adults, immune responses to standard-73 

dose influenza vaccines are often weaker due to immunosenescence, which reduces antibody 74 

production, immune memory, and overall vaccine effectiveness.9 As a result, even when vaccine 75 

strains match circulating viruses, standard-dose vaccines may offer limited protection for older 76 

individuals, who are at the greatest risk of severe influenza outcomes.10 To address this, high-dose 77 

inactivated influenza vaccines were developed for adults aged 65 and older, containing higher 78 

amounts of hemagglutinin antigen to boost immune responses.11 Studies show that high-dose 79 

vaccines generate stronger immune responses than standard-dose vaccines in older adults, 80 

including higher hemagglutination inhibition antibody titers, geometric mean titers (GMT), and 81 

seroconversion rates.12,13 While these findings support improved protection and have informed 82 

vaccination policies, immunogenicity does not always translate into better clinical outcomes.14 83 

Antibody levels correlate imperfectly with reductions in hospitalization, functional decline, and 84 

mortality, and severe influenza in older adults often arises from complications such as worsening 85 

chronic diseases, secondary infections, and cardiovascular events.15 86 

Therefore, this meta-analysis aims to systematically evaluate the effectiveness of high-dose 87 

influenza vaccines compared with standard-dose influenza vaccines, with a primary focus on 88 

clinically relevant outcomes. By emphasizing clinical endpoints rather than immunogenicity alone, 89 

this study seeks to provide evidence that is directly applicable to clinical practice and public health 90 

decision-making, particularly concerning populations at highest risk of severe influenza-related 91 

outcomes.  92 
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Methods 93 

Study Design and Reporting Standards 94 

This systematic review and meta-analysis was conducted in accordance with the Preferred 95 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The 96 

methodology, including eligibility criteria, study selection procedures, data extraction methods, 97 

and statistical analyses, was prospectively registered in the Open Science Framework (OSF) 98 

prespecified to ensure transparency and reproducibility.16 99 

Data Sources and Search Strategy 100 

A comprehensive literature search was undertaken in PubMed, Embase, the Cochrane 101 

Library, and Web of Science from database inception to January 1, 2026. The search employed 102 

both controlled vocabulary terms and free-text keywords related to influenza, vaccination, vaccine 103 

dose, and randomized controlled trials. In PubMed, the search strategy was defined as: “(influenza 104 

[MeSH Terms] OR influenza [Title/Abstract]) AND ("standard-dose"[Title/Abstract] OR "high-105 

dose"[Title/Abstract]) AND (elderly [MeSH Terms] OR senior [Title/Abstract] OR "older 106 

adults"[Title/Abstract])”. The detailed search strategies for each database are presented in Table 107 

S1. Reference lists of eligible studies and relevant reviews were manually screened to identify 108 

additional trials. No restrictions were applied based on geographic location. 109 

Eligibility Criteria 110 

Study eligibility was defined a priori according to population, intervention, comparator, 111 

outcomes, and study design. Eligible studies included randomized controlled trials enrolling adults 112 

aged 65 years or older that directly compared high-dose inactivated influenza vaccines with 113 

standard-dose inactivated influenza vaccines. Both individually randomized and pragmatic 114 
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registry-based randomized trials, including cluster-randomized designs, were eligible. Only trials 115 

evaluating trivalent or quadrivalent inactivated influenza vaccine formulations were included. To 116 

ensure clinical relevance, studies were required to report at least one clinical outcome, such as 117 

laboratory-confirmed influenza, influenza-related hospitalization, or influenza-associated 118 

mortality. 119 

Studies involving co-administration of influenza vaccines with other vaccines or 120 

interventions that could confound attribution of outcomes were excluded, in addition to studies 121 

using retrospective or non-randomized designs. Trials evaluating recombinant influenza vaccines 122 

or other non-inactivated platforms were also deemed ineligible. Further, studies exclusively 123 

reporting immunogenicity outcomes, such as geometric mean titers or seroconversion rates, 124 

without clinical endpoints were excluded. Additionally, publications only reporting subgroup 125 

analyses from previously published trials, without providing new or independent clinical outcome 126 

data, were excluded to avoid duplication of evidence. 127 

Study Selection 128 

All records identified through the database searches were imported into reference 129 

management software, and duplicate records were removed. Two reviewers (S.W. and R.O.) 130 

independently screened titles and abstracts to assess eligibility. Full-text articles of potentially 131 

eligible studies were retrieved and independently reviewed against the predefined inclusion and 132 

exclusion criteria. Disagreements were resolved through discussion, consulting a third reviewer 133 

(K.Y.) when necessary. The study selection process was documented using a PRISMA flow 134 

diagram. 135 

Data Extraction 136 
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Data extraction was conducted independently by the two reviewers using a standardized 137 

extraction form. Extracted data included study characteristics (author, year of publication, country, 138 

influenza season, and trial design), participant characteristics (sample size, age, and sex 139 

distribution), vaccine formulation and dose, outcome definitions, follow-up duration, and effect 140 

estimates with corresponding confidence intervals. When multiple analyses were reported, data 141 

from the primary analysis population were preferentially extracted. Any discrepancies were 142 

resolved by consensus. 143 

Risk of Bias Assessment 144 

The risk of bias of included randomized controlled trials was independently assessed by 145 

two reviewers using the Cochrane risk-of-bias tool (RoB 2). This tool evaluates potential bias 146 

across domains related to the randomization process, deviations from intended interventions, 147 

missing outcome data, outcome measurement, and selective reporting. Each domain was judged 148 

as low risk, moderate risk, or high risk of bias, and each study was assigned an overall risk of bias. 149 

Disagreements between reviewers were resolved through discussion or consultation with a third 150 

reviewer. Risk of bias assessments informed sensitivity analyses and interpretation of pooled 151 

results. 152 

Data Synthesis and Statistical Analysis 153 

Quantitative synthesis was performed when at least two trials reported comparable 154 

outcomes. Effect estimates were pooled using a random-effects model to account for variability 155 

between studies. Risk ratios or odds ratios were used as summary measures, depending on reported 156 

data. Statistical heterogeneity was assessed using the I² statistic, with higher values indicating 157 

greater heterogeneity. Prespecified sensitivity analyses were conducted by excluding studies 158 
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judged to be having a high risk of bias. Publication bias was evaluated using funnel plots when a 159 

sufficient number of studies were available. All analyses were conducted using Reviewer Manager 160 

5.4, and a two-sided p-value of less than 0.05 was considered statistically significant. 161 

Certainty of Evidence 162 

The certainty of evidence for each clinical outcome was assessed using the Grading of 163 

Recommendations Assessment, Development and Evaluation (GRADE) approach. Evidence from 164 

randomized controlled trials was initially rated as high certainty and could be downgraded based 165 

on risk of bias, inconsistency, indirectness, imprecision, or publication bias. The overall certainty 166 

of evidence for each outcome was classified as high, moderate, low, or very low.  167 

  168 
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Results 169 

Study Selection 170 

The systematic literature search identified 1,203 records. Following the removal of 171 

duplicates and the screening of titles and abstracts, 1,092 records were excluded for failing to meet 172 

the predefined eligibility criteria. In the second screening step, a total of 111 articles underwent 173 

full-text assessment. Of these, 103 were excluded because they reported GMT analyses only, were 174 

review articles, presented subgroup analyses without novel clinical outcome data, or evaluated co-175 

administration of influenza vaccines with other interventions. Ultimately, eight RCTs met all 176 

inclusion criteria and were included in the qualitative and quantitative synthesis. The study 177 

selection process is summarized in the PRISMA flow diagram (Figure 1). 178 

Study Characteristics 179 

The eight included RCTs were conducted between 2009 and 2025 across multiple countries, 180 

including the United States, Canada, Denmark, Finland, and Spain.17-24 All studies enrolled adults 181 

aged 65 years or older, with some trials restricting eligibility to participants aged 65–79 years. 182 

Both trivalent (TIV) and quadrivalent (QIV) inactivated influenza vaccines were evaluated, 183 

drawing direct comparisons between high-dose and standard-dose formulations. Across the eight 184 

trials, a total of 610,266 participants were enrolled, with individual study sample sizes ranging 185 

from small efficacy trials to large pragmatic studies. Baseline demographic characteristics, 186 

including age and sex distribution, were well balanced between the high-dose and standard-dose 187 

groups. Detailed study characteristics are summarized in Table 1. 188 

Hospitalization due to Influenza 189 
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Four trials reported outcomes related to hospitalization due to influenza. Meta-analysis 190 

demonstrated that high-dose influenza vaccination was associated with a statistically significant 191 

reduction in influenza occurrence compared with standard-dose vaccination (OR = 0.71, 95% CI 192 

0.61–0.81). No statistical heterogeneity was observed (I² = 0%), indicating highly consistent 193 

effects across trials (Figure 2A). 194 

Hospitalization due to Respiratory Infection  195 

Five trials contributed data on hospitalization due to influenza or pneumonia. High-dose 196 

vaccination was associated with a modest but statistically significant reduction in influenza- or 197 

pneumonia-related hospitalization (OR = 0.88, 95% CI 0.82–0.95). Moderate heterogeneity was 198 

observed (I² = 53.8%) (Figure 2B), suggesting variability in effect estimates across studies. 199 

Sensitivity analysis yielded a comparable effect estimate (OR = 0.90, 95% CI 0.85–0.95) (Figure 200 

S1). 201 

All-Cause Hospitalization 202 

Four trials reported outcomes for all-cause hospitalization. The pooled analysis showed a 203 

non-significant trend toward reduced hospitalization with high-dose vaccination compared with 204 

standard-dose vaccination (OR = 0.90, 95% CI 0.80–1.01). Substantial heterogeneity was detected 205 

(I² = 80.5%) (Figure 3A). Sensitivity analysis produced an OR of 0.97 (95% CI 0.95–0.98) (Figure 206 

S2). 207 

All-Cause Mortality 208 

Five trials reported all-cause mortality. Meta-analysis demonstrated no statistically 209 

significant difference between high-dose and standard-dose influenza vaccination (OR = 0.96, 95% 210 
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CI 0.90–1.03), with moderate heterogeneity across studies (I² = 58.6%) (Figure 3B). Sensitivity 211 

analysis yielded a similar result (OR = 0.98, 95% CI 0.94–1.02). 212 

Safety Outcomes 213 

Six trials reported serious adverse events. Pooled analysis showed no difference in the risk 214 

of serious adverse events between recipients of high- and standard-dose influenza vaccines (OR = 215 

1.00, 95% CI 0.97–1.02), with no observed heterogeneity (I² = 0%) (Figure 4). These findings 216 

indicate a consistent safety profile across trials. 217 

Absolute Reduction 218 

Compared with standard-dose vaccination, high-dose influenza vaccination was associated 219 

with 135 fewer influenza hospitalizations (327 / 265,850 vs. 462 / 265,546) and 266 fewer 220 

respiratory infection hospitalizations (2,274 / 298,734 vs. 2,540 / 298,417). These differences 221 

correspond to absolute risk reductions of approximately 0.05% for influenza hospitalization and 222 

0.09% for respiratory infection hospitalization, yielding numbers needed to vaccinate of 1,965 and 223 

1,110, respectively. 224 

Certainty of Evidence 225 

Although Egger’s test and funnel plots are not suitable for studies with small sample sizes, 226 

funnel plots were still provided for reference. Publication bias for the appraised outcomes was 227 

therefore assessed through visual inspection of the funnel plots (Figures S4–S8), which did not 228 

indicate obvious publication bias. The summary of the risk of bias for each study in the included 229 

outcomes is presented in Figures S9–S13. The overall risk of bias was appraised as “some concerns” 230 

for all included outcomes. The certainty of evidence was rated as moderate for hospitalization due 231 

to influenza and safety outcomes, downgraded due to risk of bias. The certainty of evidence was 232 
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rated as low for hospitalization due to respiratory infection, all-cause hospitalization, and all-cause 233 

mortality due to moderate heterogeneity and risk of bias.  234 

  235 
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Discussion 236 

This systematic review and meta-analysis of eight randomized controlled trials, including 237 

more than 600,000 older adults, demonstrates that high-dose inactivated influenza vaccines 238 

provide superior protection against clinically relevant influenza outcomes compared with 239 

standard-dose vaccines. Specifically, high-dose vaccination significantly reduced hospitalization 240 

due to influenza and was also associated with a modest but statistically significant reduction in 241 

hospitalization due to respiratory infection. These findings are consistent with prior randomized 242 

and observational studies demonstrating enhanced immunogenicity and effectiveness of high-dose 243 

vaccines in older adults, supporting the rationale that increased antigen content may help overcome 244 

age-related immunosenescence.25-27 By focusing on clinically meaningful outcomes and 245 

incorporating large pragmatic trials, this study strengthens existing evidence and improves 246 

generalizability across diverse regions and influenza seasons. The reduction in influenza-related 247 

hospitalizations likely reflects enhanced immune stimulation from high-dose vaccination, which 248 

has been shown to produce higher antibody titers and seroconversion rates.28  These immunologic 249 

advantages appear to translate into measurable reductions in severe clinical outcomes, including 250 

hospitalizations due to influenza and other respiratory infections. 251 

The reduction in influenza- or respiratory infection–related hospitalizations is clinically 252 

significant because influenza frequently precipitates complications in older adults, including 253 

secondary bacterial infections, exacerbations of chronic cardiopulmonary disease, and 254 

cardiovascular events.29 In the present analysis, high-dose vaccination was associated with fewer 255 

influenza and respiratory infection–related hospitalizations compared with standard-dose 256 

vaccination. Although the absolute reductions were modest at the individual level, even small 257 
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improvements may yield meaningful population-level benefits given the large number of 258 

individuals targeted by influenza vaccination programs.30 This consideration is particularly 259 

relevant for respiratory infection–related hospitalizations, which are associated with substantial 260 

clinical burden and healthcare costs. Despite these benefits, high-dose vaccination did not 261 

significantly reduce all-cause hospitalization or mortality. These findings likely reflect the 262 

multifactorial causes of hospitalization and death in older adults, the limited statistical power to 263 

detect rare outcomes, and heterogeneity across study populations and outcome definitions. In 264 

addition, a formal cost-effectiveness analysis was not conducted in the present study; therefore, 265 

the optimal use of high-dose vaccination should be interpreted cautiously and may depend on local 266 

epidemiological conditions, healthcare resources, and policy priorities. Nevertheless, the 267 

consistent direction of effect favoring high-dose vaccination suggests potential benefit that 268 

warrants further. 269 

The safety findings of this meta-analysis are reassuring and support the tolerability of high-270 

dose influenza vaccines in older adults. The absence of increased serious adverse events across 271 

trials reinforces the favorable benefit–risk profile of high-dose vaccination. Although high-dose 272 

vaccines are associated with higher rates of local reactogenicity in some studies, these events are 273 

generally mild and transient and do not appear to translate into clinically significant harm.31,32 274 

Ensuring safety is particularly important in older populations, who may be more vulnerable to 275 

vaccine-related complications and may often require reassurance regarding vaccine tolerability. 276 

Given the increased susceptibility of older adults to severe influenza complications and the 277 

observed reduction in influenza- and respiratory infection–related hospitalizations, the use of high-278 

dose influenza vaccines in adults aged ≥65 years may be justified where available and is consistent 279 
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with current guideline recommendations for enhanced influenza vaccines in older populations. 280 

Recent comparative studies and network meta-analyses indicate that enhanced influenza vaccines 281 

provide greater protection than standard-dose vaccines in older adults10,33, while the relative 282 

effectiveness of high-dose vaccines compared with adjuvanted and recombinant influenza 283 

vaccines remains uncertain. Further long-term and head-to-head studies across different seasons 284 

and settings are needed to better define their relative clinical value. 285 

Several limitations should be acknowledged. Moderate heterogeneity was observed for 286 

respiratory infection hospitalization, and substantial heterogeneity was present for all-cause 287 

hospitalization, potentially reflecting differences in circulating influenza strains, vaccine match, 288 

and population characteristics. Some trials enrolled relatively healthy community-dwelling older 289 

adults, which may limit generalizability to frail or institutionalized populations. Variation between 290 

trivalent and quadrivalent formulations may also have introduced clinical heterogeneity. 291 

Additionally, absolute risk reductions were small, reflecting the relatively low incidence of severe 292 

outcomes in vaccinated populations, and the limited number of trials examining certain outcomes 293 

restricts a comprehensive assessment of publication bias. 294 

  295 
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Conclusion 296 

This meta-analysis demonstrates that high-dose inactivated influenza vaccines provide 297 

greater protection against influenza-related and respiratory infection–related hospitalizations than 298 

standard-dose vaccines in older adults, without compromising safety. Although reductions in all-299 

cause hospitalization and mortality were not statistically significant, the overall evidence supports 300 

the use of high-dose influenza vaccination as an effective strategy to reduce the clinical burden of 301 

severe influenza-related outcomes in aging populations. 302 

  303 
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Table 1. Characteristics of studies of high-dose vs. standard-dose influenza vaccines 

Study (Year) Trial name Country Season Age Vaccine 
(HD vs. SD) 

Cases 
(HD / SD) 

Mean age 
(HD / SD) 

Female (HD / 
SD) 

DiazGranados et al. 
2013 FIM07 USA 2009–2010 ≥65 TIV-HD vs. 

TIV-SD 6108 / 3050 72.8(6.0) / 
72.8(5.9) 3268 / 1647 

DiazGranados et al. 
2014 NCT01427309 USA, 

Canada 2011–2012 ≥65 TIV-HD vs. 
TIV-SD 15990 / 15993 73.3(5.8) / 

73.3(5.8) 9131 / 8963 

Gravenstein et al. 2017 NCT01815268 USA 2013–2014 ≥65 TIV-HD vs. 
TIV-SD 26639 / 26639 83.6(8.8) / 

83.6(8.8) 19262 / 19016 

Gravenstein et al. 2018 NCT01720277 USA 2012–2013 ≥65 TIV-HD vs. 
TIV-SD 1461 / 1496 84.5(8.4) / 

83.4(8.7) 1094 / 1113 

Johansen et al. 2023 DANFLU-1 Denmark 2021–2022 65–79 QIV-HD vs. 
QIV-SD 6245 / 6232 71.8(3.9) / 

71.7(3.9) 2956 / 2921 

Johansen et al. 2025 DANFLU-2 Denmark 2022–2025 ≥65 QIV-HD vs. 
QIV-SD 166218 / 166220 73.7(5.8) / 

73.7(5.8) 80781 / 80757 

Palmu et al. 2024 FinFluHD Finland 2019–2021 ≥65 QIV-HD vs. 
QIV-SD 16549 / 16544 72.6(5.7) / 

72.5(5.6) 8273 / 8241 

Pardo-Seco et al. 2025 GALFLU Spain 2023–2025 65–79 QIV-HD vs. 
QIV-SD 67093 / 66789 72.3(4.2) / 

72.3(4.3) 31028 / 31115 

HD, high-dose; SD, standard-dose; TIV, trivalent influenza vaccine; QIV, quadrivalent influenza vaccine; USA, United States of 
America. 
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Figure 1. PRISMA flow diagram of study selection
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Figure 2. Meta-analysis of occurrence of hospitalization due to influenza or respiratory infection  

 

A: Hospitalization due to influenza; B: Hospitalization due to a respiratory infection 
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Figure 3. Meta-analysis of all-cause hospitalization and all-cause mortality 

 

A: all-cause hospitalization; B: all-cause mortality  
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Figure 4. Meta-analysis of serious adverse events 

 

 


