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Highlights

e Coronavirus disease 2019 (COVID-19) has had a devastating and disproportionate impact on
the elderly populations in terms of excess hospitalizations and deaths.

e The detrimental impact goes beyond higher clinical risk, which could be explained by several
underlying biological pathways.

¢ These impacts also include widening of the existing global health disparities, and
enhancement of social and economic vulnerabilities among older adults.

e As the global population continues to age, elderly-focused health services should be
integrated into the global health systems and global strategies.

e Such reforms are particularly warranted in low- and middle-:ncome settings with historically

underfunded public health infrastructure and insufficient e (der 'y care.
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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic has had a devastating and disproportionate
impact on the elderly population. As the virus has swept through the world, already vulnerable
elderly populations worldwide have faced a far greater burden of deaths and severe disease,
crippling isolation, widespread societal stigma, and wide-ranging practical difficulties in maintaining
access to basic health care and social services - all of which has had significant detrimental effects
on their mental and physical wellbeing. In this paper, we present a:, averview of aging and COVID-
19 from the interrelated perspectives of underlying biological me :hai isms, physical manifestations,
societal aspects, and health services related to the excess risl. oL ~erved among the elderly
population. We conclude that to tackle future pandemics in n erricient manner, it is essential to
reform national health systems and response strategies :ron an age perspective. As the global
population continues to age, elderly-focused health serv.ces <hould be integrated into the global
health systems and global strategies, especially in i»v- and middle-income countries with

historically underfunded public health infrastr:_*ui ~ and insufficient gerontological care.

Keywords: COVID-19, healthy aging, gichal health, health systems, low- and middle-income

countries.

INTRODUCTION

Age plays a crucial role in affecting nopulation health and the coronavirus disease 2019 (COVID-
19) pandemic was no excep’iu. 1ne pandemic, for instance, had a particularly devastating impact
on elderly populations, i1n.' i, chem the most vulnerable population group and producing the worst
disease outcome estimates ~ompared to any other age group. As the virus swept through the
world, elderly populations bore an enormous burden of hospitalizations, severe health
complications, and excess deaths[1]. Currently, the COVID-19 infection incidence rates remain
fairly similar among all adult age groups worldwide. However, compared to the 18-29 year
reference age group, hospitalization rates are 5 and 10 times higher in the 65-74 year and 85+
year age groups, respectively. In similar comparisons of case fatality rates, people in the 65-74
year and 85+ year age groups are 65 and 340 times more likely to die due to COVID-19,
respectively [1], highlighting the disproportionately high impact on the elderly populations.



These enormous increases in disease severity, hospitalizations, and an astronomical rise in the
mortality rates among elderly populations, observed during the COVID-19 pandemic globally,
warrant urgent attention of the scientific community to: 1) better characterize the underlying
biological, social, and structural pathways that may have caused this respiratory pathogen to enact
such extraordinary adverse clinical impacts on the elderly, and 2) use these insights in informing
preventative and healthcare strategies. These assessments are also critical given the increasing
trend of life expectancy globally: over 727.6 million people aged over 65 years and almost 146
million over 80 years in 2020, with these numbers expected to double by 2050, and gradually
reaching 2.5 billion by 2100 [2]. Such unprecedented and accelerated growth in human population
is likely to have tremendous detrimental impacts on the global dise.-e burden and global
healthcare systems (some of these phenomena have already been oL served during the current

pandemic).

In this respect, we present a broad overview of COVID-19 ai d aging from the interrelated
perspectives of underlying biological mechanisms, physi_al 1 ~anifestations, societal aspects, and

health services with a particular focus on the elderl * yohulation.

METHODS

We have conducted a targeted literature \ ~view, which is meant to be an informative, rather than
all-encompassing, rapid review of the li'erc*i're on a given topic. Our approach, therefore, involved
an in-depth, however, non-systemati.c .'te: ature review of the literature, and followed by an
informed selection of relevant, cu~-en. and high-quality articles on the relevant topics of interest to

be cited.

First, we searched PubMeu aic_cronic database to systematically identify relevant scientific
publications (of interventic~ 4l and observational studies) and systematic reviews, which had
investigated or addressed COVID-19 health outcomes in the specific context of elderly populations
globally. We applied no date or language restrictions, and used the MeSH terms and free text
words (where appropriate) related to ‘adult’, ‘middle aged “aged’, ‘coronavirus disease’, ‘post-acute
COVID-19 syndrome’, ‘immune system’, ‘sex’, ‘social isolation’, ‘social stigma’, ‘mental health’, and
‘aging’. Second, To complement our review of the scientific literature, we conducted a
supplementary search, based on the same search strategy and by using a benchmark search

engine (the Google Search) to identify relevant media reports and regional guidelines on the topic.



We have summarized data from studies reporting biologic, social and healthcare potential

determinants of PACS in the elderly in Table 1 and Figure 1.

Possible mechanistic pathways for excess risk among the elderly

Age played a significant role in COVID-19 moderate and severe cases of a complex pulmonary
distress syndrome that could evolve into a multi-organ systemic dysfunction [3], and the
disproportionally high morbidity and mortality are documented among people aged 65+ years
worldwide. The more significant burden of post-COVID condition [4] on survivors was seen among

the elderly population.

From a biological perspective, the aging process is marked by a ¢ hift 'n the immune system works,
which partly explains the increased morbidity and mortality of the elderly [5]. The immune
senescence in older patients with COVID-19 can increase tl.~ risk for severe cases by three main
mechanisms. First, an increased number of senescent c~ Is a" infection leads to a sequence of
senescent secretory events [6]. Second, older cells and .issu<s have a decreased damage repair
capacity [7]. These aspects became crucial within ti. CDVID-19 pandemics since SARS-CoV-2 is a
virus that triggers an exacerbated innate immr . e .-asponse and depends on the organism’s
competence in shifting from intrinsic to an au=r.cive response to be effectively neutralized [8].
Third, the process of so-called “inflammay‘ng” where well-controlled metabolic processes in young
individuals progressively and chronicall'' ¢ n=rate detrimental cytokines, oxidative reactive species
(ROS) upregulating the innate immu.ie vesponse [9], leading to the attenuated interferon
response. In young individuals, tk+ ini.ate immune system maintains the stress generated by the
oxidative metabolism, but as aging orogresses, the body’s ability to sustain this eustress level
reduces. Oxidative metabolisn, starts to chronically trigger inflammatory and innate immune
responses activating IL- L an< NF-kB inflammatory pathways, described as inflammaging [10].
COVID-19 promotes age-ir“uaced immune cell polarization and gene expression related to
inflammation and cellular senescence [11]. Overall, aging appears to significantly influence the

biological mechanisms through which SARs-CoV?2 affects immune regulation.

Long term consequences of COVID-19 among survivors

There is a scarcity of studies that focus on the potential burden of the post-acute COVID syndrome
(PACS) in populations over 65 years of age. In a systematic review that included 45 studies
reporting frequency and variety of persistent symptoms after COVID-19 infection [12], only two
studies reported a median age above 65 years, representing 1,9% of the included population

[13,14]. Both studies looked at the severe form of COVID-19 and reported fatigue, breathlessness,



and psychological distress as the most prevalent persistent symptoms, with significant impacts on
functionality, independence, and cognitive function. Recently, extensive American medical
databases have been analyzed, and when COVID-19 adult patients were compared to
contemporary, historical, and other viral lower respiratory tract iliness controls, matched by age
and sociodemographic factors, those infected with SARS-CoV-2 presented an excess risk of 11%
for one or more persistent symptoms that required medical attention [13]. Moreover, six months
following the infection, an excess risk of chronic respiratory failure, cardiac rhythm disorders, acute
coronary syndromes, hypercoagulability, encephalopathy, dementia, memory difficulties, stroke,
kidney injury, diabetes, and anemia have been reported (potentially increasing the burden on
individuals and on the health care with increased outpatient encour..~rs, exams and
hospitalizations) [4,15]. A prospective analysis from the REACT-. prcgram, using linkage data from
the National Health Services (NHS) in the United Kingdom shcwe!' that being over 65 years was

the most significant and independent contributor to persistc 't symptoms identified [16].

Therefore, taken together, the exact effects of cellular s :ne.-ence on several physiological systems
(such as immune system disbalance), coupled with r.sfiratory system impairment, markedly
decreased lung cells regenerative capacity, in~. ~as~d pro-fibrotic mediators, and increased vascular
dysfunction, explain a significant part of the . <'\ for developing severe COVID-19 and could also

explain longer-lasting symptoms among e elderly.

The roles of sex differential and 4ye.~acr norms on Covid-19

Age and societal inequities (e.g., ‘' herlthcare access and socioeconomic circumstances) among
populations may influence COVID-'9 outcomes [17], and it is possible that gender norms may
further widen these disparitizs "niong the elderly. Initial reports indicated that 60% of all COVID-
19 patients were men, who we. e also at higher risk of developing systemic inflammation, multi-
organ dysfunction, and car~:ac injury, with viral shedding longer than women on average [18].
Even though increased mortality rates in men could reflect possible differences in sanitary behavior
and unequal access to testing across countries [19], the severity and mortality rates were far
worse among men than women in almost all countries globally [20]. Additionally, there may be
some mechanistic explanations for the sex differences observed in disease severity and case
fatality. For example, while estrogen has been known to trigger an immune response, by contrast,
testosterone shows immunosuppressive functions by reducing cytokine production and higher
levels of innate immune cytokines associated with acute-phase deterioration in female patients
[21]. Furthermore, ACE2 Angiotensin Converting Enzyme 2 (ACE2), a gene coded in the X

chromosome, also interferes with interferon regulation by estrogens in different tissues [22,23].



Finally, SARS-CoV-2 entry in cells has shown to be enhanced by cellular transmembrane serine
protease 2 (TMPRSS2), which primes the spike protein of the virus and is regulated by androgen
receptor signaling [19]. These biological explanations also align well with previous observations
that women are less susceptible to severe forms of infection than men due to their somewhat

superior immune responses [23].

In addition, studies looking at the post-acute sequelae of COVID-19 have reported a significantly
higher sex difference for respiratory failure and acute kidney injury risk [4]. It is unclear to what
extent the historical gaps in access to health care and generally higher prevalence of risk factors in
postmenopausal women will impact long-term COVID-19 sequelae. 3ne recent study, based on a
large prospective cohort of hospitalized COVID-19 patients in Sp iin | 24], showed that female
participants reported more post-COVID symptoms, including "inx >ty, depression, or poor sleep
quality, eight months after hospital discharge than males. | »wever, more studies would be needed
to replicate these findings since systematic differences i~ sel.’-reported systems can be distorted by

between-individual differences (such as gender norms).

Social stigma, social isolation, and ment?: “\eclth

The sufferings of the older adults started wit, fhe start of the endemic, deteriorated with the
intensification of the non-pharmacologica: social distancing measures such as strict generalized
lockdowns, and stayed even when the j.ar..'ernic started to recede. The elderly became victims of
infodemic and negative news overdose. A inixed-methods study from Turkey revealed that the
average time the elderly spent fo!'owin.g news regarding COVID-19 on TV or social media was 2.74
hours/day. It increased the odds ¢ generalized anxiety disorder by a factor of 1.188 [25]. The
news of their being at highe 1.~k of getting infected was interpreted differently by their family
members. Some thoughc (e _iderly were the source of infection or a potential conduit for the virus

to enter the household. Su~' misperceptions caused severe stigma against the elderly worldwide.

For instance, in Bangladesh, some family members deserted their elderly family members in the
jungle [26], whereas the elderly suffered domestic violence in parts of South America [27]. For a
long time since the onset of the pandemic, however, these issues remained largely ignored in the
mainstream academic discussion regarding the impact of the pandemic. Additionally, as the global
health systems were almost exclusively unprepared to deal with widespread social stigma [28], or
the consequent violence against the elderly, there was hardly any timely remedy to these
problems. When the generalized lockdown started, many elderly people suddenly found themselves

in a far more isolated circumstance than what they were already experiencing. Overwhelming



evidence soon emerged from numerous studies based on middle and high-income countries
worldwide indicating a deterioration of mental health, physical health, quality of life, and general
wellbeing among the elderly amidst strict lockdown [25,29]. The inability of the immediate family
members to visit led to alienation and psychological breakdown [25,26,29], and in some cases,
suicide [30,31].

Physical wellbeing

The isolation that ensued following generalized lockdown also impacted the physical well-being of
the elderly. A systematic review of 14 cross-sectional and 11 cohort studies revealed that COVID-
19 movement restrictions reduced physical activity due to increaseu sitting time, increased
equivalent metabolic tasks, decreased steps, and reduced exerci: e ft xquency and duration [32];
these may eventually result in reduced musculoskeletal strenrith o.nd endurance and
cardiorespiratory capacity. Increased sedentary behavior is 3lso associated with high blood
pressure, and cardiovascular and metabolic diseases [32(, ai1ong others. Several other studies
from the Netherlands [34], France [35], Turkey [25], C'ina "36], and Japan [37] also reported a
sharp decline in physical activity among the elderly during the COVID-19 confinement. The elderly
are prone to developing sarcopenia, cardiome*._h0. " disorders, and other comorbidities [38]. All of
these may lead to functional decline, culmineatir.g in limitations in daily life and an increased risk of
falls [34].

In addition to adverse health conseque.~ces of isolation and physical inactivity, an inability to
access essential health care owinc to «2rvice disruption further worsened the overall health
condition of the elderly. Communic’-pound elderly patients suffering from NCDs in China, for
example, faced difficulty in ~.oi.~cung medicines essential to control their conditions [39]. Elderly
patients from Argentina re 01 Lod significant schedule difficulties in accessing routine consultations
for chronic illnesses, palliat". e care, and mental health conditions [40]. Similar reports of service
disruptions emerged from Asia [41], the Americas, and Europe [42]. Additionally, as the pandemic
progressed, many who survived the disease eventually fell victim to PACS [4], creating further
challenges for already struggling global health systems, especially in low- and middle-income

countries (LMICs) settings.

CONCLUSION AND RECOMMENDATIONS
COVID-19 pandemic has demonstrated that the detrimental impact of a novel virus on elderly
populations could go beyond a higher clinical risk of severe disease manifestation and

hospitalization. As the world now seeks to return to normalcy, the elderly population, however,



remains the ones left behind, especially in resource-limited LMIC settings where the healthcare
services and social safety net are historically poor. COVID-19 pandemic may have significantly
worsened the pre-existing health disparities among older adults, including access to essential
preventive and curative services, and may further enhance social and economic vulnerabilities. For
example, Given the “new norm,” many activities have turned online, and such a rapid transition
has been difficult for the elderly worldwide, who are often unfamiliar with many emerging
technologies. Evidently, such lack of familiarity with the new technologies has discouraged
teleconsultation, including a sense of dissatisfaction owing to the virtual nature of clinical
consultations. Therefore, besides developing innovative interventions to tackle these issues, further
implementation research should be conducted to assess the gaps a:.? challenges in access,
adoption, and sustainability of these measures in elderly populat ons. Furthermore, to tackle future
pandemics efficiently, it is essential to reform national health sys.2ms with an age perspective. As
the global population continues to age, elderly-focused hea: h services should also be integrated
into the global health systems and global strategies, esp:xcia.'y in the low and middle-income
countries with historically underfunded public health infrasti *cture and insufficient gerontological

care.
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Figure 1. A summary of the inter-related roles of biology, physical wellbeing, social norms and
health systems in elderly
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