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ABSTRACT

Purpose: The purpose of current review is to conduct a systematic overview of articles published between
2019 and 2021 on the relationship of comorbidities and mortality due to Coronavirus Disease 2019
(COVID-19) among the elderly population. Methods: We conducted a systematic search on PubMed
for articles published between 2019 and 2021 to identify any cohort and case-control studies that inves-
tigated the relationship of comorbidities and COVID-19 mortality among the elderly, defined as 60 years
of age and above. Databases were searched independently by two authors. Disagreements were resolved by
the inclusion of a third investigator. Reviews, systematic reviews, and meta-analyses were excluded
from our systematic review. Results: A total of 15 studies were selected for our systematic review. Of the
included studies, 3 were case-control, 3 were prospective cohort studies and 9 were retrospective cohort
studies. As for size, 10 studies were conducted on populations of <1000 participants, 3 ranging from
1001 to 10,000, and 2 on populations of >10,000 individuals. The included studies found that the presence
of certain conditions, such as cardiovascular, respiratory, renal diseases, malignancies, diseases of the
nervous system and diabetes are associated to increased mortality in populations that consisted of elderly
patients. Conclusion: Results of our systematic review suggest that comorbidities contribute to increased
COVID-19 mortality among the elderly. The detrimental effect of comorbidities and advanced age on the
immune response could lead to a more frequent occurrence of symptomatic and severe infections with
COVID-19.
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INTRODUCTION

On March 11th, the World Health Organization declared the Coronavirus Disease 2019
(COVID-19) as a global pandemic [1]. Since the beginning of the pandemic, more than 373
million people have contracted the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) globally, and a total of over 5.6 million people have lost their lives due to COVID-19
until now [2].

Studies indicate that the severity of COVID-19 increases with age and with the presence of
certain comorbidities [1, 3-15]. Advanced age is often associated with a more serious
manifestation of COVID-19, including higher mortality rates [16, 17]. Compared to the 5-17-
year-old population, those between ages 65 and 74 have a 1,300-fold higher likelihood of
dying as a result of a COVID-19 infection [18]. The same likelihood increases to 8,700-fold
among the 75-84-year-old population [18]. Apart from older age, severe manifestations
of COVID-19 are also linked to the presence of certain diseases, such as chronic kidney
diseases, chronic obstructive pulmonary disease (COPD), cerebrovascular diseases, acute
respiratory diseases, and coronary heart diseases [19]. Approximately 65% of people between
ages 65 and 84 suffer from one or more concurrent conditions, the most frequent being
cardiovascular and cerebrovascular diseases, respiratory diseases, and diseases affecting the
central nervous system [20]. Among the elderly, the presence of comorbidities are linked
to decreased immunity, higher mortality, reduced functional status, and increased health
care utilization even without the presence of certain aggravating factors, such as an ongoing
pandemic [20].

Advanced age and the number of concurrent comorbidities could have a synergistic adverse
effect on the health status of elderly, explaining the higher COVID-19 mortality observed among
elderly comorbid patients [6]. As the COVID-19 pandemic progresses, more and more studies
are being published on the topic of comorbidities and mortality of elderly with sometimes
contradictory evidence. Therefore, our aim was to conduct a systematic review of articles
published to this date that investigate the relationship of comorbidities and COVID-19 mortality
among the elderly population and synthetize their results to better elucidate the role of
comorbidities in the mortality of COVID-19.

MATERIALS AND METHODS

For our present systematic review, we used the PRISMA statement guidelines as preferred
reporting system for systematic reviews or meta-analyses [21]. We conducted a systematic
search for articles published on PubMed including the following terms: (,COVID-19” OR
»coronavirus” OR ,,SARS-CoV-2” OR ,,SARS-nCoV-2” OR ,,nCoV” OR ,,2019-nCoV” OR
»hovel coronavirus”) AND (,comorbidit*” OR ,,morbidit*” OR ,,co-morbidit*” OR ,under-
lying disease” OR ,coexisting disease” OR ,,co-existing disease” OR ,,preexisting disease” OR
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»pre-existing disease”) AND (,,elderly” OR ,aged, 60 and over” OR ,Frail Elderly” OR ,se-
niors” OR ,aged 60”) AND (,mortality” OR ,, Age Specific Death Rate” OR , Age-Specific
Death Rate” OR ,,CFR Case Fatality Rate” OR ,,Case Fatality Rate” OR ,,Crude Death Rate”
OR ,,Crude Mortality Rate” OR ,,Death Rate” OR ,Decline, Mortality” OR ,Determinants,
Mortality” OR ,,Differential Mortality” OR ,Excess Mortality” OR ,Mortality Decline” OR
»Mortality Determinants” OR ,Mortality Rate” OR , Mortality, Differential” OR ,Mortality,
Excess”). We also conducted a reference search of relevant articles to identify additional
studies.

We decided to include studies that met the following inclusion criteria: 1) cohort and case-
control studies 2) published in English 3) between December 1st, 2019, and August 31st, 2021,
4) focusing on the relationship of comorbidities and COVID-19 mortality 5) in the elderly
population defined as 60 years of age and/or above. Reviews, systematic reviews, and meta-
analyses were excluded from our study.

Databases were searched independently by two investigators (AP, AM). Articles were first
filtered by reviewing their titles and abstracts, and this was followed by the full-text appraisal on
a smaller number of articles. Articles chosen by at least one of the investigators were included in
the final list of studies. Any disagreements were resolved by involving a third investigator (ZSSZ)
in the article selection process.

After the list of selected studies was finalized, the following information was gathered
from articles: author, year of publication, geographic location of study, study design, size of
population, characteristics of examined populations, and the comorbidities identified by the
study. Where available, both unadjusted and adjusted results were presented. Results were
synthetized qualitatively. To facilitate the interpretation of results, all data was summarized in a
table.

RESULTS

Initially, we identified a total of 539 publications on PubMed on the topic and 1 article with
reference search. After review of titles and abstracts, 454 studies did not meet the eligibility
criteria and were excluded. Full-text appraisal was hence conducted for 86 articles. A total of
71 articles were excluded because they did not include data on people older than 60 years
(n = 30), they were meta-analyses (n = 2) or cross-sectional (n = 5) studies, or for other
reasons (n = 30). Other reasons included no access to full-text, no data on mortality, or
populations were grouped into age groups that did not coincide with our age group of interest
(e.g. elderly data was only available for the 554 population). Finally, four (n = 4) non-English
articles with English abstracts were also excluded during the full-text assessment. As a result, a
total of 15 studies were included in our systematic review. Study selection process is displayed
in Fig. 1.

Of the included studies, 3 were case-control studies, 3 were prospective cohort studies
and 9 were retrospective cohort studies. There was a total of 5 studies from Europe, 4 studies
from Turkey, 3 studies published from China, and one study from USA and Brazil each.
One additional study included data obtained from both certain European countries and
Ecuador. As for sample size, 10 studies were conducted on populations of <1000 participants,
3 studies on populations ranging from 1001 to 10,000, and finally 2 studies on populations
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Flow chart of article selection process

Records identified through Records identified through
database (Pubmed) search screening of references
(n=539) (n=1)

Records screened
(n =540)
Records excluded
> based on title or
abstract
A (n=454)
Articles excluded based on Full-text articles
full-text review assessed for eligibility
n=71 (n =86)
No data on ages 60< (n= 30) <
Meta-analysis (n= 2) A 4
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Non-English articles (n=4) (n=15)
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15. De Souza (2020)
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Fig. 1. A total of 540 articles were selected. 525 articles were excluded during the evaluation process,
resulting in the inclusion of a total of 15 articles

of >10,000 individuals. A total of 8 studies published median ages, whereas 7 studies reported
mean age. Median ages ranged from 61.5 to 82, while mean age ranged from 70 to 86 years. The
proportion of female participants was between 30 and 68%. Regarding comorbidities, 6 studies
identified cardiovascular diseases, 3 studies identified respiratory diseases, 3 studies identified
renal diseases, 3 studies identified diabetes, 2 studies identified neurological and psychiatric
conditions, while another 2 studies identified cancers as significant risk factors for increased
COVID-19 mortality among elderly patients. A total of 3 studies found no relationship between



Table 1. Baseline characteristics and identified comorbidities of included studies

Unadjusted
Study size Population effect size Adjusted effect
Author (year) Country Study design  (deaths/total)  characteristics Comorbidity (95% CI) size (95% CI)
Wang (2020)[22] China retrospective 65/339 median age cardiovascular HR 2.87 HR 1.86
cohort 69 years disease (1.70-4.83)* (1.06-3.26)"
female 51%
COPD HR 3.72 HR 2.24
(1.94-7.13)* (1.12-4.46)"
Mendes (2020) Switzerland retrospective 76/235 mean age peripheral HR 2.08 HR 1.72
[23] cohort 86.3 years artery disease” (1.18-3.66)" (0.97-3.05)
female 56.6%
Wei (2020)[24] China retrospective 66/566 median age none N/A N/A
cohort 61.5 years
female 52.8%
de Souza (2020) Brazil retrospective  1171/9807 mean age hypertension OR 2.20 OR 1.53
[25] cohort 70.2 years (1.80-2.70)* (1.20-1.94)*
female 52.5% diabetes OR 2.57 OR 2.33
(2.24-2.96)" (1.99-2.74)"
chronic kidney OR 2.02 OR 2.02
disease (1.27-3.20)* (1.27-3.20)"
cardiovascular OR 1.49 OR 1.15
disease (1.26-1.77)* (0.95-1.39)
chronic lung OR 1.75 OR 1.27
disease (1.23-2.40)* (0.87-1.86)
obesity OR 3.45 N/A
(1.87-6.68)"
Becerra-Mufioz Ecuador, retrospective 541/1520 median age dementia OR 4.21 OR 8.06
(2021)[26] Germany, Italy, cohort 76 years (2.52-7.05)* (1.45-44.9)*
Spain female 39.7%
Chen (2020)[8] China retrospective 19/55 median age none N/A N/A
cohort 74 years
female 48.2%
(continued)
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Table 1. Continued

Unadjusted
Study size Population effect size Adjusted effect
Author (year) Country Study design  (deaths/total)  characteristics Comorbidity (95% CI) size (95% CI)
Neumann- Poland retrospective 20/50 mean age heart disease™ HR 3.49 HR 2.61
Podczaska cohort 74.8 years (1.27-9.63)* (0.92-7.39)
(2020)[27] female 30%
Gorgiilii (2020) Turkey case-controll 81/483 mean age COPD-asthma- N/A OR 0.38
(28] 74.4 years bronchitis (0.19-0.76)*
female 57.6%
Mehta (2021)[29] US.A. retrospective  26384/482323 mean age mild CI N/A HR 1.17
cohort 82.7 years (1.14-1.21)*
female 67.8% moderate CI N/A HR 1.45
(1.41-1.50)*
severe CI N/A HR 1.79
(1.71-1.86)"
cancer N/A HR 1.17
(1.12-1.21)*
heart disease N/A HR 1.07
(1.04-1.11)*
renal disease N/A HR 1.23
(1.20-1.26)
diabetes N/A HR 1.16
(1.13-1.19)*
repsiratory N/A HR 1.11
conditions (1.08-1.14)*
neurologic N/A HR 0.94
conditions (0.92-0.97)*
extreme BMI (>45) N/A HR 1.19
(1.14-1.24)*
(continued)
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Table 1. Continued

Unadjusted
Study size Population effect size Adjusted effect
Author (year) Country Study design  (deaths/total)  characteristics Comorbidity (95% CI) size (95% CI)
Bag Soytas (2021) Turkey case-controll 52/218 mean age cancer OR 5.75 OR 4.82
(30] 75.3 years (2.61-12.6)" (1.11-21.0)*
female 48.6%
Medetalibeyoglu Turkey retrospective 24/104 median age none N/A N/A
(2020)[31] cohort 73 years
elderly
female 38.1%
Dres,M (2021)[32] France prospective 549/1199 median age diabetes HR 1.43 HR 1.42
cohort 74 years (1.20-1.71)* (1.10-1.82)*
Switzerland female 27%
Genc Yavuz (2021) Turkey case-controll 22/113 mean age renal disease OR 3.35 N/A
[33] 70.7 years history” (1.0-12.5)*
female 35.4%
Abadia Otero Spain prospective 24/83 median age malnutrition N/A OR 3.22
(2021)[34] cohort 82 years (1.03-10.1)*
female 57.8%
Blomaard (2021) Netherlands retrospective 499/1376 median age diabetes” OR 1.50 N/A
(35] cohort 78 years (1.10-1.80)*
female 39.6% history of OR 1.60 N/A
myocardial (1.20-2.10)*
infarction”

*Significant results P < 0.05.
Abbreviations: CI: cognitive impairment; COPD: chronic obstructive pulmonary disease; HR: hazards ratio, N/A: not available; OR: odds ratio.
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comorbidities and mortality of COVID-19 among the elderly. Results are summarized in
Table 1.

DISCUSSION

In our systematic review, cardiovascular diseases, respiratory diseases, diseases of the nervous
system, renal conditions, and malignancies were associated with a higher mortality of elderly
patients affected by COVID-19. Among specific diseases, the following conditions increased the
mortality of elderly COVID-19 patients: peripheral artery diseases, hypertension, coronary heart
diseases, heart failure, hypertension, COPD, asthma, bronchitis, dementia, cognitive impair-
ment, diabetes, and both low (<18.5kg m~?) and high (>35kg m™*) body mass index.

The most frequently studied comorbidities were cardiovascular diseases in reviewed articles,
while other conditions were comparatively underrepresented. Our observations on comorbid-
ities and COVID-19 mortality are confirmed by two meta-analyses which found that chronic
kidney diseases (RR: 3.96), dementia (RR: 3.67), familial hypercholesterolemia (RR: 3.27), car-
diovascular diseases (OR: 2.46), COPD (RR: 2.19), diabetes (RR: 1.90 and OR: 1.76), and hy-
pertension (RR: 1.37 and OR: 2.10) significantly increased the mortality among elderly patients
with COVID-19 [36, 37].

A possible explanation for these findings could be that the SARS-CoV-2 virus infects
endothelial cells, damaging small vessels and promoting microvascular dysfunction, inflam-
mation, and thrombosis [38-46]. Additionally, SARS-CoV-2 can also infect other cell types in
the cardiovascular system that express SARS-CoV-2 entry genes (angiotensin-converting
enzyme 2, basigin), including cardiomyocytes and renal cells [47-49]. In patients with
comorbidities that affect the microvasculature or the myocardium, COVID-19-related vascular
and myocardial pathologies can be exacerbated. Furthermore, both aging and several comor-
bidities were shown to increase the expression of the cellular entry receptors of SARS-CoV-2,
which directly affect the severity of COVID-19 [49-52]. A possible entry receptor of COVID-19
could also be the adipokine enzyme DPP4 [53]. Cells of both the elderly and of patients affected
by certain conditions, such as diabetes, obesity, and metabolic syndrome, express higher levels of
the DPP4 enzyme [53]. This could act as a predictor for more severe manifestations of the
disease [53]. Moreover, comorbidities also lead to a less coordinated and thus less effective
response to COVID-19 offering another explanation between the worse outcomes of comorbid
COVID-19 patients [54]. In addition, comorbidities and medications used to treat them may
both have a negative effect on the immune function of patients and the expression of SARS-
CoV-2 entry genes, which may also contribute to increased morbidity and mortality [55, 56].

Studies also indicate that advanced aging per se also negatively affects the immune response
(“immunosenescence”), impairing the function of both monocytes and lymphocytes [6, 18,
57-61]. The elderly often exhibit a dysregulated innate immune system, delayed viral sensing,
and impaired antigen presentation [18, 62]. This, in combination with the effect of comor-
bidities, could lead to a weaker protection against SARS-CoV-2 infection among the elderly
population. Importantly, immunosenescence is also associated with poor vaccine responses in
older adults [63]. Additionally, aging also exacerbates cellular senescence and inflammatory
cytokine production, up-regulates inflammasomes, promotes genomic instability and mito-
chondrial dysfunction, all of which may contribute to the increased susceptibility to organ
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failure associated with SARS-CoV-2 infection [61, 64, 65]. Furthermore, the pro-thrombotic
environment seen in advanced age may also lead to more severe tissue damage, vascular leakage,
thrombosis, and systemic cytokine storm, contributing to the higher mortality of COVID-19
among elderly comorbid patients [18, 66, 67].

Although, in general, the results of reviewed studies identify common diseases that adversely
affect the COVID-19 mortality of elderly patients, there are also uncertainties. For instance,
negative effects of cardiovascular diseases, chronic lung diseases, peripheral artery disease,
diabetes, and kidney diseases were often significant in the univariate regression analysis [23, 25,
27, 33, 35], whereas statistical significance was weakened after adjustment for confounders.
In certain studies, the association between comorbidities and increase mortality of COVID-19
in older adults was less clear [8, 24, 31]. However, these studies were conducted on relatively
small populations with a younger age distribution, so caution should be applied when inter-
preting their results. Other studies found contradictory evidence for the effect of comorbidities
and COVID-19 mortality among the elderly, namely that the presence of certain diseases could
indeed be a protective factor, such as in the case of COPD, asthma, or bronchitis [28]. The
authors of these studies suggested that their surprising results may be caused by the higher
prevalence of pneumococcal vaccination and self-protective behavior among patients with
lung diseases [28]. In our opinion, however, the very low effect estimate is more likely caused by
the lack of statistical power or the effect of unadjusted confounding factors. Another study
found similar observations for certain neurologic conditions, such as stroke, hemiplegia, and
paraplegia collapsed into a single group [29]. The researchers did not comment on these findings
in the same study [29]. A possible explanation could be that these patients may have been
observed more closely due to their condition and were more likely to be prioritized in vacci-
nation programs as a result of their advanced age and chronic conditions, resulting in better
survival rates. Furthermore, patients suffering from stroke, hemiplegia, or paraplegia may have a
more restricted mobility resulting in less frequent occurrence in public spaces and areas where
the likelihood of infection is also higher. It cannot be ruled out, however, that these results may
have been also caused by the effect of certain uncontrolled confounding factors.

The relationship of comorbidities and COVID-19 mortality of elderly may change as a
condition worsens with stronger observed effect sizes as the disease progresses. For instance,
cognitive impairment was linked to higher hazard ratios as the disease progressed from mild to
moderate and to severe [29]. In the case of BMI, it is difficult to define whether mortality in-
creases parallel with BMI, or whether there is a U-shaped relationship between BMI and
mortality with higher mortality rates at both ends of the BMI spectrum. Higher BMI seems to be
associated with higher COVID-19 mortality among the elderly, the results for low BMI however
are inconclusive as studies found either significant or non-significant results [29, 34].

A major limitation of our systematic review is the relatively high number of studies with
small sample sizes, which seriously affect the reliability of our conclusion. Moreover, studies
merged different diseases into a single group making it impossible to disentangle the effect of
individual comorbidities [28, 29]. Another study furthermore decided to merge diseases (e.g.
COPD, respiratory failure) and symptoms (e.g. shortness of breath) into a single group making
the interpretation of results even more difficult [29]. The results mostly point in the direction
that these comorbidities significantly contribute to COVID-19 mortality. However, contradic-
tory evidence is also available, and systematic reviews do not allow for the quantitative synthesis
of results to resolve these inconsistencies. Another limitation is caused by the fact that the
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studies were published from countries greatly differing in respect of their sociodemographic
characteristics, health parameters, and other factors, such as quality of and access to health care.
A subsequent limitation could be that odds ratios tend to overestimate risk ratios in case of
frequent diseases. As several of these comorbidities are fairly frequent, odds ratios may indeed
overestimate the potential role of these diseases in the mortality of COVID-19-positive elderly
patients. A final limitation is linked to the exclusion of non-English language articles and the fact
that we searched only PubMed, and thus, we cannot exclude that certain studies may have been
omitted that were published elsewhere.

Overall, it is likely that a range of comorbidities contribute to COVID-19 mortality in older
adults, however, large-scale studies are still needed to quantify the effect sizes more precisely.
Alternatively, smaller studies where confounders are uniformly controlled could also lead to a
better understanding of the association of comorbidities to COVID-19-related deaths. Such
studies could have greater impact on the planning and allocation of healthcare resources during
the COVID-19 pandemic. This, in turn may positively affect the survival rates of patients and
also allow more efficient use of healthcare facilities. The latter is crucial during a pandemic when
the overloading of health care systems is a serious threat.

In conclusion, our systematic review suggests that comorbidities increase the mortality
of COVID-19 among older adults. Since comorbidities and advanced age have a detrimental
effect of the immune system and affect the cellular entry mechanisms of SARS-CoV-2 too, this
could lead to a higher proportion of symptomatic and severe COVID-19 manifestations
among the elderly. This, combined with impaired resilience and functional reserve of older
adults and the increased vulnerability of the aged microcirculation to SARS-CoV-2-related
injury contributes to more severe manifestations of the disease, including elevated mortality.
Further studies are needed to determine how the implementation of preventive programs for
the most important cardiovascular risk factors affects the outcome of COVID-19 among the
elderly.

Conflicts of interest: The authors have no conflicts of interest to declare that are relevant to the
content of this article.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

REFERENCES

1. Modig K, Lambe M, Ahlbom A, Ebeling M. Excess mortality for men and women above age 70 according to
level of care during the first wave of COVID-19 pandemic in Sweden: a population-based study. Lancet Reg
Health Eur 2021; 4: 100072.

2. World Health Organization. WHO coronavirus (COVID-19) dashboard: World Health Organization; 2021.
Available from: https://covid19.who.int [Accessed 31 Jan 2022].

3. Bencivenga L, Rengo G, Varricchi G. Elderly at time of COronaVIrus disease 2019 (COVID-19): possible role
of immunosenescence and malnutrition. Geroscience 2020; 42(4): 1089-92.


https://covid19.who.int

Physiology International 109 (2022) 2, 163-176 173

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Kemenesi G, Kornya L, Toth GE, Kurucz K, Zeghbib S, Somogyi BA, et al. Nursing homes and the elderly

regarding the COVID-19 pandemic: situation report from Hungary. Geroscience 2020; 42(4): 1093-9.

. Moccia F, Gerbino A, Lionetti V, Miragoli M, Munaron LM, Pagliaro P, et al. COVID-19-associated car-

diovascular morbidity in older adults: a position paper from the Italian Society of Cardiovascular Researches.
Geroscience 2020; 42(4): 1021-49.

. Nikolich-Zugich J, Knox KS, Rios CT, Natt B, Bhattacharya D, Fain MJ. SARS-CoV-2 and COVID-19 in older

adults: what we may expect regarding pathogenesis, immune responses, and outcomes. Geroscience 2020;
42(2): 505-14.

. Atkins JL, Masoli JAH, Delgado J, Pilling LC, Kuo CL, Kuchel GA, et al. Preexisting comorbidities predicting

COVID-19 and mortality in the UK biobank community cohort. ] Gerontol A Biol Sci Med Sci 2020; 75(11):
2224-30.

. Chen T, Dai Z, Mo P, Li X, Ma Z, Song S, et al. Clinical characteristics and outcomes of older patients with

coronavirus disease 2019 (COVID-19) in Wuhan, China: a single-centered, retrospective study. ] Gerontol A
Biol Sci Med Sci 2020; 75(9): 1788-95.

. Kuo CL, Pilling LC, Atkins JL, Masoli JAH, Delgado ], Tignanelli C, et al. Biological aging predicts

vulnerability to COVID-19 severity in UK biobank participants. ] Gerontol A Biol Sci Med Sci 2021; 76(8):
el33-41.

Lopez-Bueno R, Torres-Castro R, Koyanagi A, Smith L, Soysal P, Calatayud J. Associations between recently
diagnosed conditions and hospitalization due to COVID-19 in patients aged 50 years and older- A SHARE-
based analysis. ] Gerontol A Biol Sci Med Sci 2021: glab199. https://doi.org/10.1093/gerona/glab199.
Promislow DEL. A geroscience perspective on COVID-19 mortality. ] Gerontol A Biol Sci Med Sci 2020;
75(9): €30-3.

Ramos-Rincon JM, Buonaiuto V, Ricci M, Martin-Carmona J, Paredes-Ruiz D, Calderon-Moreno M, et al.
Clinical characteristics and risk factors for mortality in very old patients hospitalized with COVID-19 in
Spain. J Gerontol A Biol Sci Med Sci 2021; 76(3): €28-37.

Ramos-Rincon JM, Perez-Belmonte LM, Carrasco-Sanchez FJ, Jansen-Chaparro S, De-Sousa-Baena M,
Bueno-Fonseca J, et al. Cardiometabolic therapy and mortality in very old patients with diabetes hospitalized
due to COVID-19. J Gerontol A Biol Sci Med Sci 2021; 76(8): e102-9.

Tisminetzky M, Delude C, Hebert T, Carr C, Goldberg R], Gurwitz JH. Age, multiple chronic conditions, and
COVID-19: a literature review. ] Gerontol A Biol Sci Med Sci 2020: glaa320. https://doi.org/10.1093/gerona/
glaa320.

Wang XQ, Song G, Yang Z, Chen R], Zheng YL, Hu HY, et al. Association between ageing population,
median age, life expectancy and mortality in coronavirus disease (COVID-19). Aging (Albany NY) 2020;
12(24): 24570-8.

Couderc AL, Correard F, Nouguerede E, Berbis J, Rey D, Daumas A, et al. Centenarians in nursing homes
during the COVID-19 pandemic. Aging (Albany NY) 2021; 13(5): 6247-57.

Pang L, Liu Y, Shen M, Ye J, Chen R, Lan Z, et al. Influence of aging on deterioration of patients with
COVID-19. Aging (Albany NY) 2020; 12(24): 26248-62.

Bartleson JM, Radenkovic D, Covarrubias AJ, Furman D, Winer DA, Verdin E. SARS-CoV-2, COVID-19 and
the aging immune system. Nat Aging 2021; 1(9): 769-82.

Fang X, Li S, Yu H, Wang P, Zhang Y, Chen Z, et al. Epidemiological, comorbidity factors with severity
and prognosis of COVID-19: a systematic review and meta-analysis. Aging (Albany NY) 2020; 12(13):
12493-503.


https://doi.org/10.1093/gerona/glab199
https://doi.org/10.1093/gerona/glaa320
https://doi.org/10.1093/gerona/glaa320

174 Physiology International 109 (2022) 2, 163-176

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and im-
plications for health care, research, and medical education: a cross-sectional study. Lancet 2012; 380(9836):
37-43.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015; 4(1): 1.

Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019 in elderly patients: characteristics
and prognostic factors based on 4-week follow-up. J Infect 2020; 80(6): 639-45.

Mendes A, Serratrice C, Herrmann FR, Genton L, Périvier S, Scheffler M, et al. Predictors of in-hospital mortality in
older patients with COVID-19: the COVIDAge study. ] Am Med Dir Assoc 2020; 21(11): 1546-54 e3.

Wei C, Liu Y, Liu Y, Zhang K, Su D, Zhong M, et al. Clinical characteristics and manifestations in older
patients with COVID-19. BMC Geriatr 2020; 20(1): 395.

de Souza CD, de Arruda Magalhdes AJ, Lima AJ, Nunes DN, de Fatima Machado Soares E, de Castro Silva L,
et al. Clinical manifestations and factors associated with mortality from COVID-19 in older adults: retro-
spective population-based study with 9807 older Brazilian COVID-19 patients. Geriatr Gerontol Int 2020;
20(12): 1177-81.

Becerra-Muiioz VM, Nufez-Gil IJ, Eid CM, Garcia Aguado M, Romero R, Huang J, et al. Clinical profile and
predictors of in-hospital mortality among older patients hospitalised for COVID-19. Age Ageing 2021; 50(2):
326-34.

Neumann-Podczaska A, Chojnicki M, Karbowski LM, Al-Saad SR, Hashmi AA, Chudek J, et al. Clinical
characteristics and survival analysis in a small sample of older COVID-19 patients with defined 60-day
outcome. Int ] Environ Res Public Health 2020; 17(22): 8362.

Gorgiilii O, Duyan M. Effects of comorbid factors on prognosis of three different geriatric groups with
COVID-19 diagnosis. SN Compr Clin Med 2020; 2(12): 2583-94.

Mehta HB, Li S, Goodwin JS. Risk factors associated with SARS-CoV-2 infections, hospitalization, and
mortality among US nursing home residents. JAMA Netw Open 2021; 4(3): e216315.

Bag Soytas R, Unal D, Arman P, Suzan V, Emiroglu Gedik T, Can G, et al. Factors affecting mortality in
geriatric patients hospitalized with COVID-19. Turk ] Med Sci 2021; 51(2): 454-63.

Medetalibeyoglu A, Senkal N, Kose M, Catma Y, Bilge Caparali E, Erelel M, et al. Older adults hospitalized
with covid-19: clinical characteristics and early outcomes from a single center in Istanbul, Turkey. ] Nutr
Health Aging 2020; 24(9): 928-37.

Dres M, Hajage D, Lebbah S, Kimmoun A, Pham T, Béduneau G, et al. Characteristics, management, and
prognosis of elderly patients with COVID-19 admitted in the ICU during the first wave: insights from the
COVID-ICU study: prognosis of COVID-19 elderly critically ill patients in the ICU. Ann Intensive Care 2021;
11(1): 77.

Genc Yavuz B, Colak S, Guven R, Altundag I, Seyhan AU, Gunay Inanc R. Clinical features of the 60 Years
and older patients infected with 2019 novel coronavirus: can we predict mortality earlier? Gerontology 2021;
67(4): 433-40.

Abadia Otero J, Briongos Figuero LS, Gabella Mattin M, Usategui Martin I, Cubero Morais P, Cuellar Olmedo
L, et al. The nutritional status of the elderly patient infected with COVID-19: the forgotten risk factor? Curr
Med Res Opin 2021; 37(4): 549-54.

Blomaard LC, van der Linden CM]J, van der Bol JM, Jansen SWM, Polinder-Bos HA, Willems HC, et al.
Frailty is associated with in-hospital mortality in older hospitalised COVID-19 patients in The Netherlands:
the COVID-OLD study. Age Ageing 2021; 50(3): 631-40.



Physiology International 109 (2022) 2, 163-176 175

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Alves VP, Casemiro FG, Araujo BG, Lima MAS, Oliveira RS, Fernandes FTS, et al. Factors associated with
mortality among elderly people in the COVID-19 pandemic (SARS-CoV-2): a systematic review and meta-
analysis. Int ] Environ Res Public Health 2021; 18(15): 8008.

Bae S, Kim SR, Kim MN, Shim W], Park SM. Impact of cardiovascular disease and risk factors on fatal
outcomes in patients with COVID-19 according to age: a systematic review and meta-analysis. Heart 2021;
107(5): 373-80.

Jud P, Gressenberger P, Muster V, Avian A, Meinitzer A, Strohmaier H, et al. Evaluation of endothelial
dysfunction and inflammatory vasculopathy after SARS-CoV-2 infection-A cross-sectional study. Front
Cardiovasc Med 2021; 8: 750887.

Nishijima Y, Hader SN, Hanson AJ, Zhang DX, Sparapani R, Gutterman DD, et al. Prolonged endothelial-
dysfunction in human arterioles following infection with SARS-CoV-2. Cardiovasc Res 2022; 118(1): 18-9.
Carnevale S, Beretta P, Morbini P. Direct endothelial damage and vasculitis due to SARS-CoV-2 in small
bowel submucosa of COVID-19 patient with diarrhea. ] Med Virol 2021; 93(1): 61-3.

Degauque N, Haziot A, Brouard S, Mooney N. Endothelial cell, myeloid, and adaptive immune responses in
SARS-CoV-2 infection. FASEB J 2021; 35(5): e21577.

Liu F, Han K, Blair R, Kenst K, Qin Z, Upcin B, et al. SARS-CoV-2 infects endothelial cells in vivo and in
vitro. Front Cell Infect Microbiol 2021; 11: 701278.

Wagner JUG, Bojkova D, Shumliakivska M, Luxan G, Nicin L, Aslan GS, et al. Increased susceptibility of
human endothelial cells to infections by SARS-CoV-2 variants. Basic Res Cardiol 2021; 116(1): 42.

Wenzel ], Lampe J, Muller-Fielitz H, Schuster R, Zille M, Muller K, et al. The SARS-CoV-2 main protease
M(pro) causes microvascular brain pathology by cleaving NEMO in brain endothelial cells. Nat Neurosci
2021; 24(11): 1522-33.

Li W, Xu Z, Xiang H, Zhang C, Guo Y, Xiong J. Risk factors for systemic and venous thromboembolism,
mortality and bleeding risks in 1125 patients with COVID-19: relationship with anticoagulation status. Aging
(Albany NY) 2021; 13(7): 9225-42.

Zhang J, Wang H, Wei M, Zhang H, Xia B, Wang X, et al. Incidence of cerebrovascular disease as a
comorbidity in patients with COVID-19: a meta-analysis. Aging (Albany NY) 2020; 12(23): 23450-63.
Ahmetaj-Shala B, Vaja R, Atanur SS, George PM, Kirkby NS, Mitchell JA. Cardiorenal tissues express SARS-
CoV-2 entry genes and basigin (BSG/CD147) increases with age in endothelial cells. JACC Basic Transl Sci
2020; 5(11): 1111-23.

Bojkova D, Wagner JUG, Shumliakivska M, Aslan GS, Saleem U, Hansen A, et al. SARS-CoV-2 infects and
induces cytotoxic effects in human cardiomyocytes. Cardiovasc Res 2020; 116(14): 2207-15.

Tucker NR, Chaffin M, Bedi KC, Jr., Papangeli I, Akkad AD, Arduini A, et al. Myocyte-specific upregulation
of ACE2 in cardiovascular disease: implications for SARS-CoV-2-mediated myocarditis. Circulation 2020;
142(7): 708-10.

Fagyas M, Banhegyi V, Uri K, Enyedi A, Lizanecz E, Manyine IS, et al. Changes in the SARS-CoV-2 cellular
receptor ACE2 levels in cardiovascular patients: a potential biomarker for the stratification of COVID-19
patients. Geroscience 2021; 43(5): 2289-304.

Fagyas M, Kertesz A, Siket IM, Banhegyi V, Kracsko B, Szegedi A, et al. Level of the SARS-CoV-2 receptor
ACE2 activity is highly elevated in old-aged patients with aortic stenosis: implications for ACE2 as a
biomarker for the severity of COVID-19. Geroscience 2021; 43(1): 19-29.

Lecarpentier Y, Vallee A. The key role of the level of ACE2 gene expression in SARS-CoV-2 infection. Aging
(Albany NY) 2021; 13(11): 14552-6.

Bajaj V, Gadi N, Spihlman AP, Wu SC, Choi CH, Moulton VR. Aging, immunity, and COVID-19: how age
influences the host immune response to coronavirus infections? Front Physiol 2021; 11: 571416.



176 Physiology International 109 (2022) 2, 163-176

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Yu KKQ, Fischinger S, Smith MT, Atyeo C, Cizmeci D, Wolf CR, et al. Comorbid illnesses are associated with
altered adaptive immune responses to SARS-CoV-2. JCI Insight 2021; 6(6): e146242.

Ma Z, Wang MP, Liu L, Yu S, Wu TR, Zhao L, et al. Does taking an angiotensin inhibitor increase the risk for
COVID-192 - a systematic review and meta-analysis. Aging (Albany NY) 2021; 13(8): 10853-65.

Callender LA, Curran M, Bates SM, Mairesse M, Weigandt J, Betts CJ. The impact of pre-existing comor-
bidities and therapeutic interventions on COVID-19. Front Immunol 2020; 11: 1991.

Nicoli F, Solis-Soto MT, Paudel D, Marconi P, Gavioli R, Appay V, et al. Age-related decline of de novo T cell
responsiveness as a cause of COVID-19 severity. Geroscience 2020; 42(4): 1015-9.

Pence BD. Severe COVID-19 and aging: are monocytes the key? Geroscience 2020; 42(4): 1051-61.
Campana P, Palaia ME, Conte M, Cante T, Petraglia L, Femminella GD, et al. The elderly at risk: aldosterone
as modulator of the immune response to SARS-CoV-2 infection. Geroscience 2021. https://doi.org/10.1007/
s11357-021-00481-4.

Justice JN, Gubbi S, Kulkarni AS, Bartley JM, Kuchel GA, Barzilai N. A geroscience perspective on immune
resilience and infectious diseases: a potential case for metformin. Geroscience 2021; 43(3): 1093-112.
Budamagunta V, Foster TC, Zhou D. Cellular senescence in lymphoid organs and immunosenescence. Aging
(Albany NY) 2021; 13(15): 19920-41.

Zhou C, Zhang T, Ren H, Sun S, Yu X, Sheng J, et al. Impact of age on duration of viral RNA shedding in
patients with COVID-19. Aging (Albany NY) 2020; 12(22): 22399-404.

Connors J, Bell MR, Marcy ], Kutzler M, Haddad EK. The impact of immuno-aging on SARS-CoV-2 vaccine
development. Geroscience 2021; 43(1): 31-51.

Tripathi U, Nchioua R, Prata L, Zhu Y, Gerdes EOW, Giorgadze N, et al. SARS-CoV-2 causes senescence in
human cells and exacerbates the senescence-associated secretory phenotype through TLR-3. Aging (Albany
NY) 2021; 13(18): 21838-54.

Salimi S, Hamlyn JM. COVID-19 and crosstalk with the hallmarks of aging. ] Gerontol A Biol Sci Med Sci
2020; 75(9): e34-41.

Khattab MH, Prodan CI, Vincent AS, Xu C, Jones KR, Thind S, et al. Increased procoagulant platelet levels
are predictive of death in COVID-19. Geroscience 2021; 43(4): 2055-65.

Danics K, Pesti A, Toro K, Kiss-Dala N, Szlavik ], Lakatos B, et al. A COVID-19-association-dependent
categorization of death causes in 100 autopsy cases. Geroscience 2021; 43(5): 2265-87.

Open Access. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited, a link to the CC License is provided, and changes - if any - are
indicated. (SID_1)


https://doi.org/10.1007/s11357-021-00481-4
https://doi.org/10.1007/s11357-021-00481-4
https://creativecommons.org/licenses/by/4.0/

	Outline placeholder
	Comorbidities and increased mortality of COVID-19 among the elderly: A systematic review
	Introduction
	Materials and methods
	Results
	Discussion
	References


