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ABSTRACT

Background: Marked by high mortality rates on a global scale, with disease mortality being notably focused 
among older adults, the COVID-19 pandemic has become a significant health crisis. Despite the numerous publi-
cations on COVID-19 mortality among older adults, there is still a gap in knowledge when considering centenar-
ians, as there is no systematic review and meta-analysis that summarizes COVID-19 mortality in centenarians 
globally.

Objective: This study aims systematically review and synthesize global evidence on COVID-19 mortality rates 
among centenarians and the population of older adults worldwide, whether residing in long-term health facili-
ties, hospitals, or their homes.

Methods: An automated search was conducted on the following databases: PubMed, Scopus, and Web of Sci-
ence. Observational studies, both cohort and case-control, were selected. Quality assessment of the selected 
studies was based on the Joanna Briggs Institute critical appraisal tool for observational cohort and case-control 
studies. Three independent authors conducted the searches, and any possible disagreements were resolved by 
consensus. A meta-analysis of mortality proportions will be conducted to calculate the raw, logit, and arcsine 
proportions for all studies included in our meta-analyses. Heterogeneity between studies with a significance of 
P=.05 will be assessed by calculating the I2 value using the DerSimonian and Laird method for random effects. 
Odds ratios and 95% CIs for dichotomous data and weighted mean risk differences and 95% CIs for continuous 
variables will be calculated. Further subgroup analyses will be attempted to explore heterogeneity among over 
6.7 million older adults. Leave-one-out sensitivity tests will be conducted to assess the robustness of our results. 
The meta-analysis will be conducted using R software version 4.4.2 (R Foundation for Statistical Computing).

Results: A total of 4 studies were included in our systematic review and meta-analysis. Of the included stud-
ies, 3 are retrospective cohort studies and 1 is an observational retrospective case-control study. As for study 
group size, 1 cohort study was conducted on a population of less than 1000 participants, 2 studies (1 cohort 
and 1 case-control) involved more than 10,000 participants, and 1 cohort study included more than 6 million 
participants. Using multiple estimators (raw-, logit-, and arcsine-transformed proportions; risk differences; and 
odds ratios) to quantify differential outcomes, centenarian patients diagnosed with COVID-19 during the period 
from December 2019 to December 2024 compared to other older adults their rate of mortality due to COVID-19 
illness and not due to other or combined variables was found insignificant.

Conclusion: This meta-analysis provides the first comprehensive synthesis of COVID-19 mortality in centenari-
ans, demonstrating that while rates are elevated, the difference from other older adults is modest and often not 
statistically significant.
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Introduction
Novel coronavirus cases were first detected in China in December 

2019, with the virus spreading rapidly to other countries worldwide. 
This led WHO to declare a Public Health Emergency of International 
Concern (PHEIC) on 30 January 2020 and to mark the outbreak as 
a pandemic on 11 March 2020 [1,2]. The aim of this study is to con-
duct a systematic review and meta-analysis of studies published be-
tween December 2019 and December 2024 on the rate of COVID-19 
mortality in centenarians (ie, individuals aged 100 years and older) 
versus older adults aged 60-99 years (hereafter referred to simply as 
other older adults) [3]. Since the beginning of the pandemic, more 
than 777 million people have contracted the severe acute respirato-
ry syndrome coronavirus-2 (SARSCoV-2) globally, and a total of over 
7.1 million people have lost their lives due to COVID-19 until now 
[4]. Mortality of COVID-19 increases with age while children were 
observed less susceptible to death [5,6]. Italy was the first European 
country to be affected by COVID-19 [7]. The biggest cluster of cases 
occurred in Lombardy, the most populous Italian region, and older 
people were hit in the hardest way [8]. In this population, Marcon et 
al [8] questioned if the COVID-19 mortality in was lower than that 
in other older adults and whether sex differences exist in mortality 
among different age classes.

Comparisons were made using total mortality (i.e., not only con-
firmed COVID-19 cases) at the peak of infection (March 2020) against 
March’s total mortality of previous years. They did not find reduced 
mortality in centenarians relative to non-centenarians but highlight-
ed a difference between sexes across different age classes. While 
mortality in those aged 60-99 years was much higher in men than 
in women, the rate at which the risk increased by age was slower in 
men than in women, the rate at which the risk increased by age was 

slower in men than in women, such that centenarian women had a 
higher mortality rate. They suggested that the pro-inflammatory sta-
tus of older adults, referred to as inflammageing, could explain such 
age-related vulnerability. Despite the observations of multiple stud-
ies measuring the mortality rate in older adults, studies concerning 
mortality in centenarian patients with COVID-19 remain very scarce 
[9,10]. Addressing this gap is essential to reinforce our understanding 
of the unique challenges faced by the centenarians and enable more 
effective health planning. This, in turn, facilitates the development of 
targeted treatment approaches with proper interventions tailored to 
the specific health needs of this demographic, particularly in situa-
tions of health crises like the COVID-19 pandemic [ 11,12,13]. In view 
of the foregoing, the aim of this study is to investigate the mortality 
rates in centenarians worldwide due to COVID-19.

Materials and Methods
The protocol for our systematic review and meta-analysis was 

conducted following PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines [14]. Our meta-analysis 
study will be conducted in compliance with the guidelines detailed in 
the Cochrane handbook for systematic reviews of interventions [15].

Inclusion and Exclusion Criteria

PICOS (population, intervention, comparison, outcomes, and 
study) design for eligibility criteria [16] was adopted in this study (Fig-
ure 1). The population of interest will be individuals aged 100 years 
and older. The intervention will be testing positive for COVID-19. The 
comparison group will be individuals aged 60-99 years. The outcome 
of interest will be mortality rates in both populations from COVID-19. 
The studies included will comprise only peer-reviewed, longitudinal 
observational cohort and case-control studies published from De-
cember 2019 until December 2024 in English.

Figure 1: PICOS (population, intervention, comparison, outcomes and study) design for eligibility criteria.
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Exclusion Criteria

The exclusion criteria for this meta-analysis were: 

(a)	 Population: studies with no centenarian participants

(b)	  Intervention: mortality studies during COVID-19 pandemic 
but deaths not due to COVID-19

(c)	  Comparison group: individuals less than 100 years not in-
cluded in the study

(d)	 Outcome: studies that do not present mortality rate as their 
effect measure

(e)	  Studies: those which do not fit or answer our research ques-
tion. 

Systematic reviews, scoping reviews, book records and research 
papers not available in English language will also be excluded. The 
restriction regarding publication time (Dec 2019–Dec 2024) is for the 
temporality of the COVID-19 pandemic but at the same time to widen 
our search window to include studies that were published after the 
pandemic was declared over in May 2023 [17].

Information Sources, Search Strategy, and Study Selection

PubMed, Scopus, and Web of Science electronic search databas-
es were consulted by 2 researchers on January 7, 2025, to search for 
studies published between December 2019 and December 2024 to 
identify any cohort and case-control studies that investigated the re-
lationship between COVID-19 diagnosis and mortality in centenarians 
versus other older adults. The main keywords used were “centenari-
ans” and “covid” in addition to their variations (Table 1). In the search 
strategy, keywords were systematically combined using the Boolean 
operators “AND” and “OR” to refine and expand the retrieval of rele-
vant literature. The references of the studies included in the full-text 
evaluation phase were reviewed independently by the 2 researchers 
to identify potentially relevant studies that were not considered in 
earlier search phases. The studies were screened against the eligibil-
ity criteria in 2 phases: title and abstract screening followed by full-
text screening. In cases of disagreement between the 2 reviewers at 
any stage, a consensus process was undertaken. If a resolution was 
not reached, a third reviewer was consulted for resolution. If data are 
missing or unclear, attempts will be made to contact the study authors 
for clarification. If contact cannot be established, the study will be ex-
cluded from our analysis, and this will be addressed in the discus-
sion section. Science reviews, systematic reviews, and meta-analyses 
found in the automated search were excluded from our study. 

Table 1:  Search Strategy.

Database Query Number of Studies

PubMed
(“centenarians”[MeSH Terms] OR “centenarians”[All Fields] OR “centenarian”[All Fields]) AND (“sars cov 

2”[MeSH Terms] OR “sars cov 2”[All Fields] OR “covid”[All Fields] OR “covid 19”[MeSH Terms] OR “covid 
19”[All Fields])

34

Scopus

( TITLE-ABS-KEY ( centenarian AND covid ) ) OR ( TITLE-ABS-KEY ( *supercentenarian* OR semi*super-
centenarian ) AND ORIG-LOAD-DATE AFT 20240314 ) AND ( LIMIT-TO ( DOCTYPE , “ar” ) OR LIMIT-TO 

( DOCTYPE , “no” ) OR LIMIT-TO ( DOCTYPE , “cp” ) OR LIMIT-TO ( DOCTYPE , “sh” ) OR LIMIT-TO ( 
DOCTYPE , “le” ) OR LIMIT-TO ( DOCTYPE , “ed” ) )

29

Web of 
Science (ALL=(centenarian)) AND ALL=(covid) 38

Data extracted from the selected studies included 

(1)	 Author and year of publication

(2)	 Name of the journal

(3)	 Study design

(4)	 Country of origin of the study

(5)	 Study objective

(6)	 Sample size

(7)	 Period of data collection

(8)	 Statistical test used 

(9)	 Age of participants

(10)	 Sociodemographic details (i.e., living alone or in a long term 
health facility)

(11)	 COVID-19 status, (i.e., positive or negative), and 

(12)	 Measured outcome. 

A spreadsheet in Microsoft Excel was used to record the neces-
sary data for running the meta-analysis. Data analyses were present-
ed in tables and charts, and their interpretation will be discussed.
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Risk of Bias and Study Quality Assessment

Funnel plots were constructed to visually assess publication bias 
in our meta-analysis [18]. They were structured as scatter plots, with 
study effect sizes on the x-axis and a measure of study precision (stan-
dard error) on the y-axis. Because visual inspection can be subjective, 
statistical Egger regression tests supplemented visual assessment for 
more robust conclusions. In addition, trim-and-fill analysis [19] were 
considered to assess publication bias and display the heterogeneity of 
the studies included in the systematic review. The Joanna Briggs Insti-
tute critical appraisal tool was used to evaluate the quality of obser-
vational cohort and case-control studies [20]. The quality assessment 
for the selected literature was evaluated independently by all authors 
(Supplementary Material)

Synthesis of Results

Our preliminary search in the 3 databases resulted in a total of 
101 research papers. An additional paper was found in Google schol-
ar, totalling 102 papers. A third researcher was consulted for help 
with screening the 102 articles, reviewing their respective abstracts 
and removing duplicates. This resulted in 54 articles remaining. 
The 54 articles were downloaded and fully reviewed to check their 
eligibility for our study. Data was extracted from the chosen studies 
into tables and charts, and their interpretation is discussed. Overall 
mortality proportions were compared among studies to calculate 
pooled raw, logit, and arcsine proportions for all studies included in 
our meta-analysis. A random effects model for meta-analyses will be 
calculated using the DerSimonian and Laird method. This model ac-
knowledges that studies included in the analysis may have different 
underlying effect sizes, rather than assuming a single true effect size 
across all studies, as in the fixed-effect model [21]. This means that, 
in addition to the within-study variability, there is also between-study 
heterogeneity that needs to be accounted for. The random effects 
model estimates both the within-study (I2) and between-study (τ²) 
variances. Heterogeneity will be evaluated with a significance level of 
P=.05. An assessment of heterogeneity with I2 values will be present-
ed. Heterogeneity of around 25% will be considered low, around 50% 
moderate, and around 75% high.

The arcsine transformation of proportions will be primarily con-
sidered in our meta-analyses because it stabilizes the variance of 
proportion data, especially when proportions are close to 0 or 1 (ie, 
when studies report very low or very high proportions and variance 
instability is most pronounced) [22]. Arcsine transformation makes 
the data more suitable for standard meta-analytic analysis techniques 
that assume normality and homogeneity of variance. Weighted mean 

risk differences and 95% CIs will be calculated for continuous vari-
ables. Odds ratios and 95% CIs for each dichotomous data outcome 
will also be determined [23]. Individual study results will be visu-
ally summarized using forest plots to display both individual study 
estimates and the pooled estimate from the meta-analysis [15]. Me-
ta-analyses were conducted using R software version 4.2.2 (R Foun-
dation for Statistical Computing).

Subgroup Analysis and Sensitivity Test

Further subgroup analyses will be conducted considering other 
factors such as country, age brackets, and long-term care facility ver-
sus community dwelling to explore the heterogeneity among the 6.7 
million older adults included in our study [24]. This is to help explain 
whether there is a variation in effect sizes across studies. Leave-one-
out sensitivity tests will illustrate how far the calculated pooled effect 
estimate shifts when each study is excluded one at a time and recalcu-
lating the pooled effect size [25]. This will help identify whether any 
single study disproportionately influences our overall findings and 
ensure that our conclusions are not unduly influenced by any single 
study, thereby enhancing the credibility of our synthesized evidence.

Ethical Considerations

Ethical approval is not required for this protocol as it is a system-
atic review that includes secondary data from published studies. In 
this study, participants are not actively recruited, and data are not 
collected directly from them. The findings of the systematic review 
and meta-analysis will be disseminated through peer-reviewed pub-
lications.

Results

A total of 19 qualitative and 4 quantitative studies were found rel-
evant and were considered in our systematic review and meta-anal-
ysis (Figure 2). The qualitative studies were particularly valuable in 
guiding the methodology of our meta-analysis, informing our inter-
pretation of the results, and shaping our conclusions. Additionally, 
they played a crucial role in constructing the literature review and 
establishing the background for our hypothesis by highlighting exist-
ing gaps in the literature. Of the 4 included quantitative studies, 3 are 
retrospective cohort studies and 1 is an observational, retrospective, 
case-control study. As for study group size, 1 cohort study was con-
ducted on a population of less than 1000 participants [26], 2 studies 
(1 cohort [27] and 1 case-control [28]) involved more than 10,000 
participants, and 1 cohort study included more than 6 million partic-
ipants [29].
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Figure 2: PRISMA (Preferred Reporting Items for Systematic review and Meta-Analyses) Flowchart.

Exposure and Outcome Categorization

The primary exposure for the meta-analyses was COVID-19 diag-
nosis. Studies included various settling of centenarians, whether in 
their home or in a long-term care facility. The included studies col-
lected and kept health record data for every participant. The primary 
outcome for our study was mortality, all COVID-19 cases included in 
the studies were considered in our meta-analyses.

Quality and Risk of Bias Assessments 

The quality for the selected literature was evaluated independent-
ly by all reviewers in this study according to the Joanna Briggs Insti-
tute (JBI). The JBI Critical Appraisal Checklist for case-control, and 
cohort studies was used to check the quality of studies and assess the 
risk of bias. Any differences between reviewers’ evaluation were set-
tled by discussion and consensus.

https://dx.doi.org/10.26717/BJSTR.2025.63.009925
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Qualitative Synthesis and Quantitative Statistical Analysis

Reviewers organized and recorded the details of each study, in-
cluding study design, country/region, date of COVID-19 diagnosis and 
recovery or death, study population and health records data sources. 
The odds ratio (OR) for the incidence of mortality in exposed vs non-
exposed were calculated and reported based on raw data document-
ed in the included studies. DerSimonian-Laird random-effects model 
was used to pool risk estimates across studies [30], reported as odds 
ratios (ORs) with 95% confidence intervals (95% CIs). Additionally, 
the weighted mean risk difference (RD) with 95% CI was computed to 
evaluate mortality rate differences between case and control groups. 
Heterogeneity among studies was also assessed. A regression analysis 
was performed to assess potential bias or influence of study design 
(prospective cohort vs. case-control) on the effect estimates [31].

Results and Discussion
Data was extracted from the chosen studies into tables and charts. 

Overall mortality proportions were compared among studies to cal-
culate pooled raw, logit, and arcsine proportions for all studies includ-
ed in our meta-analysis. A random effects model for meta-analyses 
was calculated using the DerSimonian and Laird method. This model 
acknowledges that studies included in the analysis may have differ-
ent underlying effect sizes, rather than assuming a single true effect 
size across all studies, as in the fixed-effect model. This means that, in 
addition to the within-study variability, there is also between-study 
heterogeneity that needs to be accounted for. The random effects 
model estimates both the within-study (I2) and between-study (τ²) 
variances. Heterogeneity was evaluated with a significance level 
of P=0.05. An assessment of heterogeneity with I2 values was pre-
sented. Heterogeneity of around 25% will be considered low, around 
50% moderate, and around 75% high. The arcsine transformation of 
proportions was primarily considered in our meta-analyses because 
it stabilizes the variance of proportion data, especially when propor-
tions are close to 0 or 1 (ie, when studies report very low or very high 
proportions and variance instability is most pronounced). Arcsine 
transformation makes the data more suitable for standard meta-ana-
lytic analysis techniques that assume normality and homogeneity of 
variance. Weighted mean risk differences and 95% CIs was calculated 

for continuous variables. Odds ratios and 95% CIs for each dichot-
omous data outcome was also determined. Individual study results 
were visually summarized using forest plots to display both individ-
ual study estimates and the pooled estimate from the meta-analysis 
[15]. Meta-analyses will be conducted using R software version 4.2.2 
(R Foundation for Statistical Computing).

Subgroup Analysis and Sensitivity Test

Further subgroup analyses will be conducted considering oth-
er factors such as country, age brackets, and long-term care facility 
versus community dwelling to explore the heterogeneity among the 
6.7 million older adults included in our study. This is to help explain 
whether there is a variation in effect sizes across studies. Leave-one-
out sensitivity tests will illustrate how far the calculated pooled effect 
estimate shifts when each study is excluded one at a time and recalcu-
lating the pooled effect size. This will help identify whether any single 
study disproportionately influences our overall findings and ensure 
that our conclusions are not unduly influenced by any single study, 
thereby enhancing the credibility of our synthesized evidence.

Qualitative Synthesis of Included Studies

Details of the included studies are summarized in Table 2. Of the 
4 included studies, 3 are case-control studies [26,27,29] and 1 retro-
spective cohort study [28]. Of the included studies, 3 were from Eu-
ropean countries [26,27,29], and 1 from Columbia [28]. All studies 
included centenarian and non-centenarian patients. All studies iden-
tified mortality from COVID-19 as their primary outcome. Effect esti-
mates were calculated from the raw data retrieved from each includ-
ed study. A meta-analysis was performed by pooling effect estimates 
from the subgroups, centenarians and non-centenarians, respectively. 

•	 Odds Ratio (OR): is a consistent measure of the effect of an 
exposure, was used for comparing the odds of precipitating an in-
cidence between the exposed vs the non-exposed in the compiled 
dataset.

•	 Risk Difference (RD): was used to present the difference 
in mortality rates for each group in the dataset, centenarian vs. 
non-centenarian.

Table 2: Details of Studies Meeting Inclusion Criteria.

Author, Pub Yr Study Region
Centenarian (Case) Non-Centenarian (Control)

Case Case Death Mortality % Control Control 
Death Mortality %

Couderc, et al.  [26] Retro-spective, 
cohort

15 nursing homes 
in Marseille, France 12 6 50.00 309 66 21.36

Gallert, et al. [27] Retro-spective, 
cohort LTCF, Germany 8264 40 0.48 403725 5,493 1.36

Claudia, et al.  [28] Population based, 
cohort Columbia 1,005 373 37.11 6,312,867 3,508,691 55.58

Cruces, et al. [29] Population based, 
case-control

Basques country, 
Spain 325 95 29.23 21,170 4,977 23.51
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Quantitative Analysis

A total of 6,747,677 individuals were included for this meta-anal-
ysis, including 9,606 centenarians and 6,738,071 non-centenarians. 
Across all 4 studies, 3,519,741 mortalities were recorded, 514 of 
which were centenarians.

Raw, Logit and Arcsine Proportions

The raw and arcsine proportion analyses, but not logit propor-
tion, showed that the mortality rate in centenarians diagnosed with 
COVID-19 is significant. We further analysed the data to get the com-
bined odds ratio (OR) and risk difference (RD) for all studies, to deter-
mine whether a significant relation exists.

Odds Ratio (Or)

The pooled odds ratio (OR = 0.81, 95% CI: 0.47 to 1.38, p = 0.43) 
suggests a possible protective effect of COVID-19 in centenarians by 
19 %, but this result is not statistically significant because the confi-
dence interval includes 1 and the p-value is 0.43. statistical weight of 
each study; 95% CIs are indicated by the error bars; and overall OR 
with 95% CI for all studies is depicted as a diamond. An OR less than 1 
suggests a protective effect (i.e., the exposure reduces the odds of the 
outcome). In this case, the pooled OR is 0.81, which suggests reducing 
the odds of the outcome by approximately 19%. However, since the CI 
includes 1 and p-value is 0.43, this confirms that the association is not 
statistically significant.

Risk Difference (Rd)

Risk difference is the probability of an outcome between two 
groups. It is calculated as the difference between the proportion of 

events in the exposed group and the proportion in the unexposed 
group. The estimated average effect suggests 1% lower risk or protec-
tive effect of the outcome in the exposed group compared to the con-
trol group. This implies almost no difference in risk between groups. 
The true RD could range from 7% lower risk (0.93) to 5% higher risk 
(1.05); however, this effect is not statistically significant, no evidence 
for harm or benefit.

Publication Bias and Heterogeneity

The method we used to account for heterogeneity among studies 
is the DerSimonian and Laird method (DL) as it analyses two sources 
of variability: variability within each study and variability among all 
studies. Heterogeneity Metrics: I2 index measures the percentage of 
variability in exposure effect estimates, τ² measures between-study 
variance; higher values mean higher variability while Cochran’s Q test 
confirms heterogeneity when p-value is <0.05.

Centenarian Mortality Rate

The pooled mortality proportion is 0.24, (95% CI: 0.01 to 0.62) 
in centenarians. Across all studies, an estimated 24% of centenarians 
diagnosed with COVID-19 experienced mortality, the true proportion 
falls between 1% and 62%—a wide but statistically significant range, 
p=0.01. Heterogeneity Metrics: (I² = 99.80%, τ² = 0.16, p < 0.0001). 
I2 index measures the percentage of variability in exposure effect 
estimates. In other words, 99.80% of the effect estimate, mortality, 
is due to between study differences rather than chance. τ² measures 
between-study variance; higher values mean more variability while 
Cochran’s Q test confirms significant heterogeneity (p < 0.001), (Fig-
ures 3,4).

Figure 3: DerSimonian-Laird RE Model for Centenarians.
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Figure 4: Forest plot showing mortality proportion in Centenarians.

Non-Centenarians Mortality Rate

The pooled mortality proportion in the non-centenarian group 
is 0.22, (95% CI: 0 to 0.69). Across all studies, an estimated 22% of 
non-centenarians diagnosed with COVID-19 experienced mortality, 
which is a little less than the proportion for centenarians (24%). The 
non-centenarian event proportion likely falls between 0% and 69%—
a wide but statistically significant range (p=0.05). Heterogeneity Met-
rics: (I² = 100.00%, τ² = 0.25, p < 0.0001). The percentage of vari-
ability in exposure effect estimates is 100%. In other words, 100% 

of the effect estimate, mortality, is due to between study differences 
and not chance. τ² measures moderate variance while Cochran’s Q 
test confirms significant heterogeneity (p < 0.001), (Figures 5,6).  We 
used arcsine proportions when running our pooled estimate analyses 
because arcsine stabilises variance for extreme proportions (near 0% 
or 100%), handles sparse data better than raw proportions and re-
duces bias when event rates vary widely across studies. Contrast with 
OR/RD: may have been insignificant due to rare events or imbalanced 
group sizes, while arcsine accounts for these issues.

Figure 5: DerSimonian-Laird RE Model for Non-Centenarians.
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Figure 6: Forest plot showing mortality proportion in Non-Centenarians.

Leave-One-Out Sensitivity Analyses

The leave-one-out sensitivity analysis plot illustrates how the 
pooled effect estimates from our meta-analysis shifts when each 
study is excluded one at a time. In Figure 7, the blue line represents 
the recalculated pooled estimate for each scenario, with each point 

corresponding to the omission of a specific study indicated on the 
x-axis. This visualizes the impact of each individual study on the 
overall meta-analytic result. The red dashed line displays the original 
pooled estimate (log odds ratio) calculated with all studies included. 
The x-axis lists the omitted studies, while the y-axis shows the pooled 
effect size (log odds ratio) for each leave-one-out analysis.

Figure 7: Leave-One-Out Sensitivity Analysis.
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Key Findings from the Plot

The leave-one-out analysis shows that, although the pooled esti-
mates (blue line) fluctuate slightly with the omission of each study, 
they consistently remain close to the original pooled estimate (red 
dashed line). Omitting any individual study does not result in a sub-
stantial change to the overall effect size, and even the largest devi-
ations are minor. This suggests that no single study exerts a dispro-
portionate influence on the meta-analysis results. Consequently, our 
findings are robust and stable, reinforcing the reliability and credibil-
ity of the overall conclusions.

Leave-One-Out Forest Plot

Figure 8 forest plot presents the leave-one-out sensitivity analy-

sis for the meta-analysis of COVID-19 mortality in centenarians. Each 
row shows the meta-analysis results recalculated after omitting one 
study. The black square represents the pooled odds ratio (OR) esti-
mate when that study is omitted; the horizontal line is the 95% confi-
dence interval (CI). The vertical black dashed line represents the orig-
inal pooled OR with all studies included. The vertical red dotted line 
at OR=1 means null effect (no difference). The columns on right side 
show: The p-value: or the statistical significance of the pooled effect 
after omitting the study, tau²: Between-study variance (heterogene-
ity) after study omission, I²: Percentage of variability due to heteroge-
neity, not chance, Q: Cochran’s Q statistic for heterogeneity. Estimate 
[95% CI]: The pooled odds ratio and its 95% CI for each leave-one-out 
scenario.

Figure 8: Leave-One-Out Forest Plot.

Interpretation

•	 Robustness: The pooled OR remains close to the original es-
timate (red dashed line) regardless of which study is omitted. 
All 95% CIs overlap substantially, and none of the leave-one-
out results are statistically significant (all p-values > 0.05).

•	 Heterogeneity: I² values remain high (>90%) in all scenari-
os, indicating substantial heterogeneity among studies even 
when any single study is omitted. Tau² and Q also remain 
high, reinforcing this.

•	 Influence: No single study, when omitted, causes a dramatic 
shift in the pooled effect size or its statistical significance. For 

example, omitting Gallert et al., 2022, increases the pooled 
OR to 1.08, but the CI is wide (0.60, 1.92) and still not signifi-
cant. Omitting other studies yields similar patterns.

•	 Overall: No study unduly influences the overall meta-ana-
lytic result. Findings are robust, the pooled effect estimate, 
and its interpretation do not depend heavily on any single 
study. Heterogeneity remains high regardless of which study 
is omitted, suggesting variability is not driven by a single 
outlier. Our meta-analysis results are stable and credible; 
the exclusion of any one study does not significantly alter the 
pooled odds ratio or the overall interpretation.
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Centenarian Subgroup Risk Analyses

The following subgroup analyses were conducted:

•	 Odds Ratio for LTCF

•	 Risk Difference for LCTF

•	 Odds Ratio for Community Dwelling

•	 Risk Difference for Community Dwelling

•	 Odds Ratio in Developed Countries

•	 Risk Difference in Developed Countries

Odds ratio and risk difference for developing countries was not 
possible because we only had one study, Claudia, et al. [28], conducted 
in developing countries and no further studies to compare.

Odds Ratio for LTCF

The estimated average effect suggests 14% lower odds (since OR 
< 1) of the mortality outcome in the centenarian group compared to 
the non-centenarian group. The true OR ranges from 0.14 lower odds 
to 5.4 higher odds, however, this effect is insignificant, p>0.05, Figure 
9, Table 3. The estimated OR effect suggests 14% lower odds (since 
OR < 1) of the outcome in the exposed group compared to the control 
group, however, this effect is insignificant, p<0.05, Figure 10.

Table 3: DerSimonian-Laird RE Model for Non-Centenarians.

Arcsine Proportion ci.lb ci.ub p-val
0.22 0 0.69 0.05

Figure 10: Odds Ratio Forest Plot for LTCF.

Figure 9: The Random-Effect Model, DerSimonian-Laird Method.
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Risk Difference for LCTF

The estimated average effect suggests 4% higher odds (since OR 
> 1) of mortality in the centenarian group compared to the control 
group. The true RD could range from 0.90 lower odds to 1.2 higher 
odds; however, this effect is insignificant, p>0.05, Figure 11, Table 4. 
The estimated average effect suggests 4% higher risk (since RD > 1) 
of the outcome in the exposed group compared to the control group, 
however, this effect is insignificant, p<0.05

Table 4: Pooled Odds Ratio for LTCF.

Pred ci.lb ci.ub Pi.Ib Pi.ub

0.86 0.14 5.4 0.04 19.1

Pooled RD ci.lb ci.ub p-val

1.04 0.9 1.2 0.62

Figure 11: LTCF Pooled Risk Difference using the DerSimonian-Laird Method.

Odds Ratio for Community Dwelling Centenarians

The estimated average effect suggests 10% lower mortality odds 
(since OR < 1) in community dwelling centenarians compared to 
non-centenarians. The true OR could range from 0.49 lower odds to 
1.66 higher odds, however, this effect is insignificant, p>0.05, Figure 
12, Table 5 The estimated average effect suggests 10% lower mor-
tality odds (since OR < 1) of the outcome in the exposed group com-
pared to the control group, however, this effect is insignificant, as the 
CI crosses one, Figure 13.

Table 5: Pooled Risk Difference for LTCF.

Pred ci.lb ci.ub Pi.Ib Pi.ub

1.04 0.9 1.2 0.83 1.29

Pooled RD ci.lb ci.ub p-val

1.04 0.9 1.2 0.62
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Figure 13: Community Dwelling Centenarians Pooled Mortality Odds Ratio.

Figure 12: Risk Difference Forest Plot for LTCF.
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Mortality Risk Difference for Community Dwelling Cente-
narians

The estimated risk difference shows 3% lower mortality risk 
(since OR < 1) in community dwelling centenarians compared to 
non-centenarians. The true RD could range from 0.86 lower risk to 
1.1 higher risk, however, this effect is insignificant, p>0.05, Figure 
14, Table 6. The average RD suggests 3% lower mortality risk (since 
RD < 1) in the community dwelling centenarians group compared to 
non-centenarians, however, this effect is insignificant as the CI cross-
es one, Figure 15.

Table 6:  Pooled Odds Ratio for Community Dwelling Centenarians.

Pred ci.lb ci.ub Pi.Ib Pi.ub

0.9 0.49 1.66 0.32 2.55

Pooled OR ci.lb ci.ub p-val

90% 0.49 1.66 0.75

Figure 14: Odds Ratio Forest Plot for Community Dwelling Centenarians.

Figure 15: Pooled Risk Difference for Community Dwelling Centenarians.
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Mortality Odds Ratio for Centenarians In Developed Coun-
tries

The estimated average effect suggests 6% lower mortality odds 
(since OR < 1) in centenarians compared to non-centenarians in de-
veloped countries. The true OR could range from 0.34 lower odds to 
2.64 higher odds, however, this effect is insignificant, p>0.05, Figure 
16, Table 7. The estimated average effect suggests 2% higher risk 
(since RD > 1) of the outcome in the exposed group compared to the 
control group, however, this effect is insignificant, as CI crosses one, 
Figure 16.

Table 7: Pooled Mortality Risk Difference for Community Dwelling.
Pred ci.lb ci.ub Pi.Ib Pi.ub

0.97 0.86 1.1 0.79 1.2

Pooled RD ci.lb ci.ub p-val

97% 0.86 1.1 0.67

Figure 16: Mortality Risk Difference Forest Plot for Community Dwelling Centenarians.

Mortality Risk Difference for Centenarians in Developed 
Countries

The estimated average effect suggests 2% higher risk (since OR 
> 1) of the outcome in the exposed group compared to the control 
group. The true OR could plausibly range from 0.97 lower odds to 
1.06 higher odds, however, this effect is insignificant, p>0.05, Figure 
17, Tables 8-11. The estimated average effect suggests 2% higher risk 
(since RD > 1) of the outcome in the exposed group compared to the 
control group, however, this effect is insignificant as CI crosses one, 
Figures 18-22.

Table 8: Mortality Odds Ratio for Centenarians in Developed Coun-
tries.

Pred ci.lb ci.ub Pi.Ib Pi.ub

0.94 0.34 2.64 0.13 6.83

Pooled OR ci.lb ci.ub p-val

94% 0.34 2.64 0.91
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Table 9: Comparison between Raw, Logit and Arcsine Proportions.
Centenarian Group

Raw Proportion ci.lb ci.ub pval

0.28 0.03 0.53 0.03

Logit Proportion ci.lb ci.ub pval

0.15 0.02 0.61 0.12

Arcsine Proportion ci.lb ci.ub pval

0.24 0.01 0.62 0.01

Non-Centenarian Group

Raw Proportion ci.lb ci.ub pval

0.25 -0.12 0.63 0.18

Logit Proportion ci.lb ci.ub pval

0.16 0.02 0.7 0.19

Arcsine Proportion ci.lb ci.ub pval

0.22 0 0.69 0.05

Note: Comparison: Raw, Logit and Arcsine proportions.

Table 10: Pooled Mortality OR across all Studies.
pred ci.lb ci.ub pi.lb pi.ub

0.81 0.47 1.38 0.26 2.47

Pooled OR ci.lb ci.ub p-val

81% 0.47 1.38 0.43

Table 11:  Pooled Mortality RD across all studies.
pred ci.lb ci.ub pi.lb pi.ub

0.99 0.93 1.05 0.88 1.11

Pooled RD ci.lb ci.ub p-value

99% 0.93 1.05 0.69

Figure 17:  Mortality Odds Ratio for Centenarians in Developed Countries.
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Figure 19: Mortality Risk Difference for Centenarians in Developed Countries.

Figure 18: Mortality Odds Ratio Forest Plot for Centenarians in Developed Countries.
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Figure 20: Mortality Risk Difference Forest Plot for Centenarians in Developed Countries.

Figure 21: Forest Plot Depicting Pooled OR of COVID-19 Mortality.
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Figure 22: Forest Plot Depicting Risk Difference of COVID-19 Mortality.

Quality Assessment

The quality of studies was assessed using the Joanna Briggs In-
stitute Critical Appraisal Checklist [13] for case-control, and cohort 
studies. Quality assessment of the studies included is accessible 
through Supplementary Material. All studies showed good quality.

Conclusion
We evaluated the proportion of mortality in centenarians diag-

nosed with COVID-19 during the pandemic. Based on the results, 
mortality rate within the centenarian subgroup is significant (0.24 
CI 0.01-0.62), but among all participants, centenarians and non-cen-
tenarians, is insignificant (OR 0.81 CI (0.47-1.38), RD 0.99 CI (0.93-
1.05)). A significantly higher mortality rate in centenarians following 
diagnosis with COVID-19 could likely be due to their age-related vul-
nerability, immunosenescence, or comorbidities. Couderc, et al. [26], 
found that centenarians with COVID-19 had a significantly higher 
mortality rate than non-centenarians (50% vs 21.3%, respectively), 
but a lower hospitalization rate, with most patients receiving sup-
portive care in their nursing home. In the same study, centenarians 
also showed less symptoms, including asthenia, lower frequency fe-
ver and cough, but a higher frequency of geriatric syndromes such 
as delirium and falls. Also, 25% of centenarians experienced a wors-
ening of pre-existing depression during their illness. Gellert, et al. 
[27], found that centenarians had lower rates of COVID-19-relevant 
hospital admissions compared to younger cohorts of oldest-old res-

idents. However, COVID-19 hospital mortality was higher in female 
centenarians. Notably, none of the supercentenarians (≥110 years) 
had a recorded hospital admission for COVID-19. 

The study also indicated an elevated risk of mortality for nona-
genarians (those aged 90-99) and centenarians (100+) compared 
to octogenarians (80-89), and for men in general. The authors sug-
gested that lower admission rates in centenarians might reflect dif-
ferent treatment priorities or more stringent infection prevention 
measures. Birchenall-Jiménez, et al. [28] found that 65.47% of the 
affected centenarians were female, and the overall mortality rate was 
37.1%, with a significantly higher rate in males (45.24%) compared 
to females (32.83%). Kaplan-Meier survival analysis showed greater 
survival in females. The average time from symptom onset to recov-
ery was 26.56 days, while to mortality was 14.33 days. The study also 
revealed that centenarians were concentrated in municipalities and 
emphasized the increased mortality among male centenarians and 
the need for extended follow-up due to prolonged recovery times. 
Cruces, et al. [29], found that centenarians had a higher proportion 
of COVID-19 cases compared to non-centenarians, however, cente-
narians appeared to exhibit extended survival after infection, with 
survival curves resembling those of 50-year-olds more than older 
age groups. No gender differences in survival were observed among 
centenarians, vaccination was found to have a strong protective effect 
and notably, infected centenarians were not prescribed more respira-
tory drugs (unlike non-centenarians). 
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In the same study, centenarians showed reduced use of clinical 
resources, with fewer hospitalizations and emergency department 
visits, and no recorded ICU visits. The authors concluded that Basque 
centenarians showed more resistance to COVID-19 with better sur-
vival and less healthcare utilization.

Limitations

Couderc, et al. [26], The study had a limited number of centenar-
ians (n=12), The small number of patients limited the ability to draw 
conclusions about the relationship between hospitalization rate and 
mortality rate and did not allow multivariable analysis to highlight 
factors influencing deaths or hospitalizations in this population. The 
centenarians studied were all living in nursing homes and might be 
more frail than community-dwelling centenarians. Moreover, The 
biological data was collected retrospectively from medical files, and 
C-reactive protein levels were missing for 26.2% of the residents, 
which could affect the conclusiveness of findings related to inflam-
mation markers, overall recovery or mortality rates. Also, due to the 
small sample of centenarians and the lack of power of comparative 
analysis, few symptoms were significantly associated with age.  Gel-
lert, et al. [27]: Although the study analyzed a large number of cente-
narians, mortality rates may still lack statistical power for detecting 
smaller effects. The study notes that the vastly lower COVID-19-re-
lated hospital admission rates in centenarians could be due to the 
fact that they were treated differently, with a priority for ambulant 
treatment or more rigorous infection prevention measures, rather 
than inherent resilience. This suggests a limitation in directly inter-
preting lower admission rates as solely indicative of better resistance.  
Birchenall-Jiménez, et al. [28]: The absence of information on clinical 
comorbidities limits the ability to fully adjust for factors that might 
influence COVID-19-associated mortality.

The retrospective design (as in the abovementioned two stud-
ies) introduces potential biases related to the quality and accuracy of 
recorded data, as well as reliance on secondary records, which may 
affect the completeness and accuracy of the information, results and 
conclusions. Different categorization of municipalities and regions 
based on respective legislation, economic and geographical criteria 
may introduce variability that affects the interpretation of results at 
the regional level. The study notes that the age of centenarians did 
not appear to be a determining factor in survival but acknowledges 
that additional studies with larger samples are needed to confirm this 
finding. The study highlights the variability in the symptom-to-recov-
ery window, suggesting the need for close monitoring, but this vari-
ability itself could be seen as a limitation in predicting individual out-
comes. The study acknowledges that while the ethnic affiliation was 
predominantly mestizo and white, aligning with existing evidence 
of the Colombian population, this might limit the generalizability of 
findings to other ethnic groups. Cruces, et al. [29], The study notes 
that the findings regarding the response of centenarians to COVID-19 
remain controversial in the broader literature, suggesting that the 

specific context of the Basque Country and the study’s methodology 
might contribute to the observed results and could be a limitation in 
generalizing to all centenarian populations.

The study highlights that centenarians have a “younger” profile 
than the oldest non-centenarians, implying that comparisons be-
tween these groups might be influenced by these pre-existing differ-
ences beyond just age. In summary, common limitations across these 
studies include the retrospective nature of data collection, small sam-
ple sizes (especially in the Couderc et al. study), potential biases in 
data accuracy and completeness, and challenges in generalizing find-
ings due to specific populations and geographical contexts. The lack 
of detailed information on comorbidities in some studies and the po-
tential influence of different treatment approaches further contribute 
to the limitations in fully understanding the impact of COVID-19 on 
centenarians. Confounding factors like vaccination status, COVID-19 
variants/waves, and treatment measures were not highlighted nor 
standardized in the studies, hence several inconsistencies may arise. 
Further research could group patients accordingly for better repre-
sentation and accountability of results. Centenarians are a rare popu-
lation, small sample size provide less precise estimates, more studies 
are needed in this demographic to better represent their health status 
and needs.

Recommendations

Future studies should aim for larger sample sizes to enable more 
robust statistical analyses, including multivariable analysis to identify 
specific factors influencing outcomes like mortality and hospitaliza-
tion. Expanding studies beyond single-center designs to multi-center 
and potentially international collaborations could facilitate the in-
clusion of a more diverse range of centenarians, including those in 
different geographical locations and living situations (nursing homes 
vs. community-dwelling). As noted by Couderc, et al. [26], their small 
sample size limited their analysis. Future research could benefit from 
prospective and longitudinal study designs. This would allow for the 
standardized collection of detailed clinical, biological, and treatment 
data in real-time, reducing the potential for recall bias and missing 
information, such as detailed comorbidity data which was a limitation 
in the Birchenall-Jiménez, et al. [28] study. Future studies could delve 
deeper into differences within the centenarian population, such as 
comparing the experiences of those aged 100-105 with supercente-
narians (≥110 years), as the Gellert, et al. [18], study hinted at poten-
tial differences, with no hospital admissions recorded for supercen-
tenarians in their sample. Further investigation into gender-specific 
responses, as suggested by the differing mortality rates in male and 
female centenarians in the Colombian study and the higher hospital 
mortality in female centenarians in the German study, is also warrant-
ed.

Understanding the long-term effects of COVID-19 on centenari-
ans is crucial. Future studies should include longitudinal follow-up 
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to assess recovery trajectories, the persistence of symptoms, and the 
development of any long-term sequelae in this population. The Birch-
enall-Jiménez, et al. [28] study highlighted the prolonged recovery 
time, emphasizing the need for extended follow-up. As mentioned by 
Couderc, et al. [26], future research should explore the clinical and 
genetic specificities of centenarians in the context of COVID-19. This 
could involve investigating potential mechanisms of resilience ob-
served in some centenarian populations, such as those in the Basque 
Country who showed extended survival, and the role of the immune 
system and inflammaging. Given the lower hospitalization rates ob-
served in some studies and the preference for home hospitalization 
noted by Couderc, et al. [17], future research should evaluate the 
effectiveness of different treatment and care strategies specifically 
tailored for centenarians, considering the potential for different re-
sponses compared to younger older adults. Finally, to facilitate com-
parisons across different studies and enable better meta-analyses, 
future research would benefit from the standardization of data col-
lection methods and definitions for symptoms, comorbidities, treat-
ments, and outcomes. By addressing these areas, future studies can 
build upon the foundational knowledge provided by the current re-
search to offer a more nuanced and comprehensive understanding of 
the impact of COVID-19 on centenarians, ultimately informing better 
prevention and management strategies for this unique and increas-
ingly significant demographic group.
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