
SYSTEMATIC REVIEW
The global case fatality rate due to COVID-19 in hospitalized elderly
patients by sex, year, gross domestic product, and continent: A systematic
review, meta-analysis, and meta-regression
Elham Davtalab Esmaeilia,b, Hosein Azizic,d, Ehsan Sarbazib and Farzad Khodamoradie

a Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran, b Road Traffic Injury Research Center, Tabriz University of Medical Sciences,

Tabriz, Iran, c Research Center of Psychiatry and Behavioral Sciences, Tabriz University of Medical Sciences, Tabriz, Iran, d Department of Epidemiology and

Biostatistics, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran and e Department of Social Medicine, Faculty of Medicine, Ahvaz

Jundishapur University of Medical Sciences, Ahvaz, Iran
Abstract

Background: Although elderly people are at a huge risk of mortality due to COVID-19, the Case Fatality Rate (CFR) in hospitalized

elderly patients is poorly investigated. This meta-analysis and meta-regression aimed to generate pooled CFR due to COVID-19 in

hospitalized elderly patients by sex, Gross Domestic Product (GDP), year, and continent and also to explain the potential source of the

heterogeneity and variations in the pooled estimation of COVID-19 CFR.

Methods: We systematically searched PubMed, Scopus, Web of Science, CINAHL, and Embase up to 31 July 2022. Eligibility assessment

of records was performed independently in a blinded, standardized way by two reviewers. Meta-analysis and Meta-regression analysis were

carried out to estimate pooled CFR and the potential sources of the heterogeneity.

Results: The study included 5683 confirmed hospitalized elderly COVID-19 patients, 1809 deaths, and 19 original articles from 10

countries. The pooled estimate of the overall CFR, and by male and female sexes were 29%, 34%, and 24%, respectively. We found CFR was

decreased by increasing female sex proportion, GDP, and year of publication. Multivariate meta-regression analysis indicated that the age and

sex of patients, continent, GDP, and year of the publication together explained the majority of the heterogeneity and variations in the pooled

estimate of the hospitalized elderly COVID-19 CFR.

Conclusions: This review provided reliable pooled CFR measures for hospitalized elderly patients with COVID-19. Although COVID-19

fatality has decreased in hospitalized elderly patients over time, it is still high in hospitalized elderly patients and needs advanced treatment support.
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1. Introduction
The ongoing novel severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2); known as COVID-19; is triggering
This is an o
significant burden and fatality due to its infectious nature and the

nonexistence of definitive management [1,2]. The COVID-19
infection imposed more than 474 million morbidities world-

wide and about 6 million mortality as of March 24, 2022 [3].
Aging people are at a huge risk of morbidity and mortality

with COVID- 19 infection because of age-related decline in
immune function [4]. In the U.S.A, 80% of deceases reported
have been in aging people over 65 years [5]. Currently, a

population-based study revealed that the Case fatality Rate
(CFR) due to COVID-19 is 24% in elderly people [6]. This study

showed that CFR due to COVID-19 infection could increase by
70% in elderly people over the age of 85.
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In the aging population, the majority of the published studies

focused on risk factors for the mortality of elderly people with
COVID-19 infection [7–11]. COVID-19 mortality measures

are underreported in the general population due to a higher
number of subclinical cases, underreported, and variations in

the vital statistics [12]. The most accurate statistics for COVID-
19 CFR are derived in the hospital setting, and for the general
population, only excess deaths can be provided as an acceptable

estimate for COVID-19 mortality and fatality [12,13].
However, inverse the general population, the hospitalized

elderly COVID-19 CFR is poorly understood in the previous
studies at the global level through meta-analysis design [14,15].

There are huge variations and heterogeneity between studies in
the proportion of COVID-19 CFR due to the numerous vari-

ables including age, sex, socio-economic status, the hospital
cares, continent, health system performance and policy, etc.
[16,17]. Moreover, the hospitalized elderly COVID-19 CFR is a

significant measure for the survival of the elderly with COVID-
19 infection and the quality and appropriate COVID-19 case

management. This is even though there has been a few studies
focused on the hospitalized elderly COVID-19 CFR [14].

Gross Domestic Product (GDP), as a monetary measure of
the market value of all the final goods and services produced in

a specific time period by countries [18], was poorly understood
in the COVID-19 CFR, especially in the systematic review and

meta-analysis studies [19]. There is poor information about the
hospitalized elderly COVID-19 mortality by GDP, age, sex, and
continent [20].

The first aim of this meta-regression was to the pooled
estimation of CFR due to COVID-19 in hospitalized elderly

people by sex, GDP, age, and continent. The secondary goal of
the study was to explore the potential sources and variations in

the elderly COVID-19 CFR between studies and countries
around the world.
2. Methods
2.1. Study design
This systematic review, meta-analysis, and meta-regression
were conducted to estimate the global pooled CFR due to

COVID-19 by sex, GDP per capita, year, and continent in
hospitalized aging people (�60 years old), and to explain the

potential source of the heterogeneity and how COVID-19 CFR
would is vary by sex, age, GDP, and continents.

2.2. Search strategy
We systematically searched the published literature in English
from databases: PubMed, Web of Science, Scopus, CINAHL,

and Embase, up to 31st July 2022. The study searched all
© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
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records reporting CFR due to COVID-19 in hospitalized

elderly patients around the world. Open Grey; WHO and
CDC websites, and also google and google scholar free search

were used to find grey literature. The reference lists of the
retrieved articles and records were also screened with the

purpose to identify other potential data sources.
The search conducted both free text words and medical

subject headings (MeSH terms). The initial search terms were

“COVID-19” OR “2019-CoV”, OR “2019 novel coronavirus”
AND “fatality” OR “mortality” in the title and/or abstract. The

final search used the relevant MeSH terms and text words
related to COVID-19 case fatality in elderly people in

conjunction with “elderly” OR “older” OR “aging” OR “geri-
atric” AND “fatality” OR “mortality” OR “death” AND

“COVID-19” OR “2019-CoV”, OR “2019 novel coronavirus”.

2.3. Eligibility criteria
The inclusion criteria were all records evaluated the mortality

or CFR due to COVID-19 in hospitalized aging people (60 years
or over). We also excluded records that fulfilled at least one of

the following criteria:

- Reviews, letters, commentaries, conference abstracts,
editorials, and qualitative studies

- case reports and case series
- Records not evaluated the mortality or CFR in elderly
patients (<60 years old)

- Records conducted in the general elderly people (not
hospitalized) since the mortality and CFR of COVID-19

could differ between the general older people and
hospitalized patients.

- records not related to CFR of the hospitalized COVID-19
patients

- Recodes evaluated the effectiveness of exposure including
any drugs, vitamins, dietary, diseases, etc.

- Records with poor quality and/or high risk of bias and also
studies reported incomplete data on CFR and the
mortality and/or absolute numbers of COVID-19 survivors

and non-survivors.
2.4. Outcomes
The primary outcome was pooled estimation of the total CFR

due to COVID-19 in hospitalized elderly patients by sex,
continent, GDP per capita (1000 USD), and the year of the
publication. The CFR was defined [12] as the number (pro-

portion) of people who died due to COVID-19 divided by the
number of total confirmed COVID-19 cases multiplied by 100.

The secondary outcome was to explain the potential source
of the heterogeneity to obtain variations in COVID-19 CFR.
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TABLE 1. Characteristics of studies included in the case fatality rate due to COVID-19 in hospitalized elderly patients

Authors Year

Mean age

Country
GDP per capita (100
USD)

Male
sex% Design

COVID-19
patients (N)

Mortality
(n)

Total
CFR QualityTotal Survivors

Non-
survivors

Bianchetti et al. [25] 2020 70.7 70 82 Italy 35.55 46.6 Retrospective 627 194 30.9 Good
Covino et al. [26] 2020 84 84 85 Italy 35.55 53.6 Retrospective 69 23 33.3 Good
De Smet et al. [27] 2020 85 84.5 88 Belgium 51.76 41.0 Retrospective 81 19 23.4 Fair
Heras et al. [9] 2020 85 86.5 86.1 Spain 30.11 38.0 Retrospective 100 20 20.0 Good
Lee et al. [8] 2020 72 71 77 Korea 34.75 45.0 Retrospective 98 20 20.0 Fair
Mendes et al. [28] 2020 86.5 86 87 Switzerland 93.45 43.0 Retrospective 235 76 32.3 Fair
Trecarichi et al.

[29]
2020 80.5 78 85 Italy 35.55 57.1 Retrospective

cohort
50 14 28.0 Fair

Zhou et al. [30] 2020 71.5 70.6 73.1 China 12.55 45.0 Retrospective 118 51 43.3 Fair
Sun et al. [31] 2020 69 67 72 China 12.55 54.5 Retrospective 244 121 49.6 fair
Mostaza et al. [32] 2020 85.2 85 86 Spain 30.11 54.7 Retrospective

cohort
404 145 36.0 Good

Bavaro et al. [33] 2021 80 NR NR Italy 35.55 48.0 Retrospective
cohort

206 56 27.2 Good

Becerra-Muñoz
et al. [34]

2021 76 NR NR Spain 30.11 60.3 Retrospective 1520 541 35.6 Good

Covino et al. [35] 2021 85 84 87 Italy 35.55 47.0 prospective 239 77 32.2 Good
Fagard et al. [36] 2021 82 82 87 Belgium 51.76 52.4 Retrospective 105 14 13.3 Good
Qi Mei et al. [37] 2021 72 70 74 China 12.55 50.0 retrospective

cohort
223 132 59.0 Good

Bakhshwin et al.
[38]

2022 66 67 66 Saudi
Arabia

23.58 55.0 retrospective 145 16 11.0 Fair

Asaduzzaman et al.
[24]

2022 70 69.3 73.6 Bangladesh 2.50 64.5 Retrospective
cohort

245 43 17.5 Fair

Maria Tam et al.
[39]

2022 73 72 82 Hong Kong 49.66 52.4 Retrospective 101 17 16.8 Good

Ulugerger Avci
et al. [40]

2022 74.4 74.4 76.7 Turkey 9.58 51.7 Retrospective 873 230 26.0 Good

Total — 77.25 76.54 80.44 — — 50.51 — 5683 1809 29.0 —
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2.5. Study selection and extraction
Two authors (HA and EDE) evaluated the eligibility of records

independently in a blinded, standardized way. The records
screening was conducted through title and abstract and then

reviewers screened and selected relevant full-text papers.
Discrepancies and disputes were resolved by consensus and the
participation of one more author.

We extracted information including the year of publication,
authors, study design, setting, country, mean age of total pa-

tients, mean age of survivors and non-survivors, male sex
percentage, GDP per capita (world bank report, 2021), and the

total CFR, and CFR by sex, year of the publication, and GDP
per capita. The study included original research that was con-

ducted in the setting of the hospital.

2.6. Quality and risk of bias assessment
The quality and risk of bias was evaluated based on Newcastle-

Ottawa Scale [21]. The following parameters were considered
for the quality assessment: sufficient sample size, sampling

strategy (using random and unbiased sampling methods),
appropriate data collection methods (for example no poor in-

formation, no admission of COVID-19 patients from a specific
group, population, and specific region; as a selection bias), ad-

equacy of response rate, inclusion/exclusion criteria, sample
representativeness, and appropriate statistical analysis. The final
This is an o
scoring system comprised 11 criteria of rating different risk of
bias elements for each eligible article out of 12 scores. Records

were categorized into three levels of risk of bias: good; 9-12
points, fair; 5-8 points, and poor; <5 points (Table 1).

2.7. Analysis
Random-effects model [22] was used to estimate the pooled
CFR and subgroup analysis by sex, continent, and GDP per

capita with 95% confidence intervals (CIs). We carried out
meta-regression analysis to explore the effect of age, sex, GDP

per capita, continent and the year of the study published, when
I2 was above 50%, suggesting heterogeneity [23]. Meta-

regression analysis was used to explain the potential sources
of the heterogeneity and variations in the elderly COVID-19

CFR between studies for the overall CFR, female sex CFR,
and male sex CFR. All analysis were performed using STATA
version 14.0 (Stata Corp, College Station, TX, USA).
3. Results
3.1. Characteristics of the included studies
A total of 18 699 records were retrieved in the study, and 7292
records were removed due to duplication. Of these, 11 314

were excluded because of irrelevant titles, abstracts, and texts.
© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
pen access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/licenses/by/4.0/


4 New Microbes and New Infections, Volume 51 Number C, --- 2023 NMNI
Then, 93 records were selected for the full-text review. Of

these, 70 articles were removed due to not original research
(n = 18), ineligible population or target group (n = 45), ineligible

outcome (n = 7). Of these, 3 original studies were excluded due
to poor quality and/or high risk of bias assessment. Finally, 19

articles were included in the meta-analysis and meta-regression
(Fig. 1).

Overall, 5683 confirmed hospitalized COVID-19 patients

and 1809 deceases were included in the study from 10 coun-
tries. The characteristics of the included studies and the result

of the quality appraisal are shown in Table 1. All studies had
been published between 2020 and 2022. The majority of the

studies (5 articles) were conducted in Italy. The study setting
and design of all the included studies were hospitals and

retrospective, respectively. The mean age of the survivors, non-
survivors, and the total elderly COVID-19 patients were 76.54,
80.44, and 77.25 years old, respectively. Regarding male sex

proportion, the highest and lowest proportion of male sex
© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4
participation was in Asaduzzaman et al. [24] and Heras et al. [9]

studies, respectively. However, the overall male sex proportion
in the included studies was almost 50.0% (Table 1).

3.2. Meta-analysis proportion of case fatality rate (CFR)
Fig. 2 showed that the sub-group meta-analysis proportion of
hospitalized elderly COVID-19 case fatality rate by continent,

year, and both sexes. The overall pooled proportion estimate
of the elderly COVID-19 CFR was 29% (95% CI: 24-34%);

I2 = 93.8%, p < 0.00; Subgroup analysis by continent demon-
strated the pooled estimate of CFR 29% (95% CI: 25-32%);

I2 = 83.8%, p < 0.00 for Europe; 16% (95% CI: 12-20%);
I2 = 42.5%, p < 0.00 for Asia, and 51% (95% CI: 42-60%);

I2 = 0.0%, p < 0.00 for China.
Concerning subgroup analysis of the proportion of CFR by

year of publication, the pooled meta-analysis result using

random effects for overall CFR was 32% (95% CI: 26-38%);
I2 = 84.8%, p < 0.00 in 2020; 34% (95% CI: 22-45%); I2 = 96.1%,
FIG. 1. Search results and study se-

lection and inclusion process.

.0/).
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FIG. 2. Sub-group meta-analysis proportion of hospitalized elderly COVID-19 case fatality rate by continent, year, and sex.
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p < 0.00 in 2021, and 18% (95% CI: 11-26%); I2 = 0.0%, p < 0.00
in 2022.

Regarding female sex, the pooled estimate of the elderly
COVID-19 CFR was 24 (95% CI: 18-30%); I2 = 87.7%, p < 0.00.
While female sex CFR by continent was 22% (95% CI: 15-29%);

I2 = 84.7%, p < 0.00 for Europe; 15% (95% CI: 10-19%);
I2 = 0.0%, p < 0.00 for Asia, and 40% (95% CI: 26-53%);

I2 = 0.0%, p < 0.00 for China.
Besides the pooled male sex CFR was 34 (95% CI: 25-43%);

I2 = 93.6%, p < 0.00. However, female sex CFR by continent
was 30% (95% CI: 23-38%); I2 = 84.8%, p < 0.00 for Europe;

21% (95% CI: 13-30%); I2 = 65.2%, p < 0.00 for Asia, and 63%
(95% CI: 49-77%); I2 = 0.0%, p < 0.00 for China (Fig. 2).

Concerning the overall CFR by GDP per capita (100 USD),

the pooled estimate for the elderly COVID-19 CFR was 24%
(95% CI: 21-26%); I2 = 0.0%, p < 0.00 for countries with GDP

less than 10 (per 1000 USD); 51 (95% CI: 42-60%); I2 = 0.0%,
p < 0.00 for countries with GDP 10-20 (per 1000 USD), and

26% (95% CI: 21-31%); I2 = 90.2%, p < 0.00 for countries with
GDP over than 20 (per 1000 USD). We found the elderly

COVID-19 CFR has been decreasing with a smooth slope by
increasing GDP per capita. More details was presented in Fig. 3.
This is an o
Fig. 4 indicated that trend of hospitalized elderly COVID-19
case fatality rate by year and female sex proportion. We found

the trend of the elderly COVID-19 case fatality rate decreased
from 2020 to 2022. Moreover, there was a decreasing trend by
increasing the ratio of female sex in the original studies.

3.3. Multivariate meta-regression
It is expecting a high heterogeneity (between studies variations)

in the pooled estimation for proportional (prevalence) mea-
sures as in the current review. Therefore, multivariate meta-

regression was conducted to explain variations in the hospi-
talized elderly COVID-19 overall CFR, and the analysis indi-
cated that age, continent, GDP per capita, and year of the

publication, in included studies covariates to be significant
together and explained R2 = 70% of the between-study het-

erogeneity in the overall mortality (Table 2).
Table 3 indicates the results of multivariate meta-regression

analysis to explain the potential heterogeneity in the pooled
estimation of male sex CFR due to COVID-19 in the elderly.

Age, continent, GDP per capita, and year of publication cova-
riates to be significant together. These covariates together
explained more than R2 = 80% of the heterogeneity in the

pooled estimate of male-sex elderly COVID-19 CFR.
© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
pen access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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FIG. 3. Sub-group meta-analysis proportion of hospitalized elderly COVID-19 case fatality rate by GDP per capita.
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Likewise, age, continent, GDP per capita, and year of the
publication covariates together explained 61% of the total

variance between studies in the pooled estimate of female sex
elderly COVID-19 CFR (Table 4).

Overall, based on multivariate meta-regression analysis;
Tables 2–4; 70%, 80%, and 61% of the heterogeneity in the

pooled estimation was explained for overall CFR, male and
female sex CFR, respectively, and the analysis decreased het-
erogeneity lower than 50% in all pooled measures. Continent

and advanced age (years) increased the risk of the elderly
COVID-19 CFR in the overall, male, and female sexes while

male sex proportion, GDP per capita, and year of the publi-
cation had an inverse association with the elderly COVID-19

CFR.
FIG. 4. Trend of hospitalized elderly COVID-19 case fatality rate by year an

© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4
4. Discussion
This meta-analysis and meta-regression consisted retrospective
(case-control and cohort) studies demonstrating the pooled

estimates of the elderly COVID-19 CFR by sex, continent, GDP
per capita, and year of publication in hospitalized COVID-19

patients. Our analysis showed that COVID-19 CFR is
decreased by increasing GDP per capita, female sex proportion,
and year of publication.

The overall CFR, male and female sex CFRs in hospitalized
elderly COVID-19 patients were 29%, 34%, and 24%, respec-

tively. Some studies have shown that the mortality rate is lower
in the general elderly population. For example in a study con-

ducted in Brazil among general older adults, CFR was less than
d female sex proportion.

.0/).
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TABLE 2. Multivariable meta-regression analysis of study

variables associated with the pooled estimate of the overall

CFR in the elderly patient with COVID-19 (n [ 19)

Variables Coefficient t 95% CI P-value

Year of the publication -5.79 -1.73 -12.8 – 1.28 0.102
GDP (per capita) -0.02 -1.32 -0.004 – 0.001 0.112
Age (year) 5.26 1.99 0.96 – 0.12.08 0.068
Continent 10.77 2.24 0.30 – 21.02 0.045

Adjusted R-squared (R2) = 70.0%.

TABLE 3. Multivariable meta-regression analysis of study

variables associated with the pooled estimate of the male

sex CFR in the elderly patient with COVID-19 (n [ 19)

Variables Coefficient t 95% CI P-value

Year of the publication -8.11 -1.92 -17.15 – 0.94 0.075
GDP (per capita) -0.01 -0.85 -0.04 – 0.002 0.215
Age (year) 4.06 3.16 1.17 – 6.83 0.01
Continent 20.52 3.60 7.83 – 33.20 0.005

Adjusted R-squared (R2) = 80.43%.

TABLE 4. Multivariable meta-regression analysis of study

variables associated with the pooled estimate of the female

sex CFR in the elderly patient with COVID-19 (n [ 19)

Variables Coefficient t 95% CI P-value

Year of the publication -3.14 -0.93 -11.3 – 1.01 0.230
GDP (per capita) -0.01 -0.94 -0.54 – 0.002 0.269
Age (year) 2.12 2.71 0.40 – 3.85 0.020
Continent 17.37 2.80 3.70 – 31.04 0.017

Adjusted R-squared (R2) = 61.0%.
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12% [41]. Likewise, a population-based study in Iran indicated
that CFR due to COVID-19 is 24% in the aging population [6].

However, the present study was conducted only among elderly
in the hospital settings (hospitalized) where the mortality

measures and COVID-19 statistics are more valid than in the
general population [12].

Among generally admitted patients (all age groups) to the

hospital, a systematic review found COVID-19 CFR is 17.1%
[42]. Another meta-analysis in the initial period of COVID-19

pandemic indicated that the overall COVID-19 CFR is 10%;
and hospitalized patients and patients who were admitted to

the intensive care unit (ICU) were 13% and 37%, respectively
[15]. Our study was performed among hospitalized elderly (60

years or over) COVID-19 patients demonstrating an overall
CFR of 29%; and 32% in 2020; 34% in 2021; and 18% in 2022.

Multivariate meta-regression for the mortality model
demonstrated that 70%, more than 80%, and 61% of study
This is an o
variations in pooled estimates for the overall CFR, male sex,

and female sex CFR, respectively, could be explained by dif-
ferences in the continent, age, GDP per capita, year of the

publication and female sex proportion in the study samples.
This finding is valuable in the factors affecting the global

COVID-19 CFR patients. To our knowledge, this is the first
meta-analysis and meta-regression to estimate the pooled
hospitalized elderly COVID-19 CFR around the world.

We found COVID-19 CFR in the male sex is 10% higher
than in the female sex, and the male sex is at a huge risk of

mortality with COVID- 19 infection. As we showed in Fig. 4,
with advanced female sex proportion in the original studies,

COVID- 19 CFR has also decreased significantly. Previous
findings and the included original studies in the current study

confirmed that COVID-19 mortality is high in the male sex
[43–46].

Our analysis indicated that continent and advanced age were

associated with an increased risk of CFR in both the male and
female sexes. We found the highest and lowest pooled CFR was

reported in China (51%) and Asia (16%). Likewise, the hospi-
talized elderly COVID-19 CFR was 29% in Europe. In line with

our study, a meta-analysis found COVID-19 CFR in Europe and
high-income countries showed an explosive increase compared

with those in low-income countries, which can be interpreted
as due to the under-reporting of mortality cases from COVID-

19 [14]. Considering that China was the source and concen-
tration of the emerging novel COVID-19, the high proportion
of CFR may be justified while a lower risk of mortality in Asia

deserves to investigate. Although, it seems that one of the main
reasons is due to under-reporting and insufficient accuracy of

the mortality and morbidity registration system.
Our analysis revealed that COVID-19 CFR is decreasing by

advancing GDP per capita, female sex proportion, and year of
publication. Fig. 3 shows that COVID-19 CFR decreased with a

smooth slope by improving GDP measures. The measure of
GDP is related to socio-economic status, development, income,
and the quality of health and hospital services [47]. Ghayda RA

et al. reported that CFR of COVID-19 is not a fixed or static
value and it changed with socioeconomic status, time, popula-

tion, and health systems efforts [14].
Regarding the year of publication, we observed a significant

decrease in the elderly COVID-19 CFR from 2020 to 2022.
Recent advances in the production of vaccines, drugs, and other

treatments and hospital care could be the reasons for this
downward trend by year. However, the proportion of CFR in

hospitalized elderly people is high still, especially in China and
Europe, although the accuracy of reporting and between-
difference between countries should be taken into account.
© 2023 The Authors. Published by Elsevier Ltd, NMNI, 51, 101079
pen access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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4.1. Limitations
The current study is the first meta-analysis, and meta-
regression analysis indicating the pooled CFR estimate of hos-

pitalized elderly COVID-19 CFR by sex, continent, GDP per
capita, and year of the publication, while our study had limita-

tions. The main concern was the high heterogeneity and be-
tween studies variations in mortality measures from different
countries with various hospital quality care and mortality re-

ports. To solve this problem, first, we included only hospital
setting studies, and also involved the potential effects of age,

sex, continent, GDP of countries, and year using multivariate
meta-regression analysis to explain the potential source of

heterogeneity.
Second, to estimate CFR in hospitalized patients, concurrent

cohort studies are appropriate. However, our systematic
search found that there were very limited concurrent cohort
studies and we also included case-control and retrospective

cohort studies.
Third, the CFR in hospitalized patients with COVID-19 is

affected by age, sex, socioeconomic status and GDP, underlying
diseases, the type of mutation at the time of the outbreak, and

medication history. Indeed, the current meta-analysis aimed to
explore the impact of these variables in the pooled estimation

of CFR and provide new hypotheses using sub-group and meta-
regression analysis. Therefore, the current review not only

provided the impact of these on CFR but it can be a departure
point for future studies.
5. Conclusions
of Al-Zahra Hospital. 

The COVID-19 CFR is high in hospitalized elderly patients and
needs advanced treatment support. Based on meta-analysis, the
pooled estimate CFR of COVID-19 is 29% overall, 34% in male,

and 24% in female. The elderly COVID-19 CFR is higher in the
male sex, continent (china), lower GDP per capita, year of the

publication (in 2020); and meta-regression demonstrating these
variables together explained the majority of the heterogeneity

and variations in the pooled estimate of the hospitalized elderly
COVID-19 CFR.
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