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Abstract
Background Estimating the risks and impacts of COVID-19 for different health groups at the population level is essential 
for orienting public health measures. Adopting a population-based approach, we conducted a systematic review to explore: 
(1) the etiological role of multimorbidity and frailty in developing SARS-CoV-2 infection and COVID-19-related short-term 
outcomes; and (2) the prognostic role of multimorbidity and frailty in developing short- and long-term outcomes. This review 
presents the state of the evidence in the early years of the pandemic. It was conducted within the European Union Horizon 
2020 program (No: 101018317); Prospero registration: CRD42021249444.
Methods PubMed, Embase, World Health Organisation COVID-19 Global literature on coronavirus disease, and PsycINFO 
were searched between January 2020 and 7 April 2021 for multimorbidity and 1 February 2022 for frailty. Quantitative 
peer-reviewed studies published in English with population-representative samples and validated multimorbidity and frailty 
tools were considered.
Results Overall, 9,701 records were screened by title/abstract and 267 with full text. Finally, 14 studies were retained for 
multimorbidity (etiological role, n = 2; prognostic, n = 13) and 5 for frailty (etiological role, n = 2; prognostic, n = 4). Only 
short-term outcomes, mainly mortality, were identified. An elevated likelihood of poorer outcomes was associated with an 
increasing number of diseases, a higher Charlson Comorbidity Index, different disease combinations, and an increasing 
frailty level.
Discussion Future studies, which include the effects of recent virus variants, repeated exposure and vaccination, will be 
useful for comparing the possible evolution of the associations observed in the earlier waves.
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Introduction

Since the start of the COVID-19 pandemic in 2019, under-
standing the impact of SARS-CoV-2 infection on popula-
tion health has become more coherent. Much evidence has 
emerged, among others, for different age groups [1–3], 
patient groups such as those with immunodeficiency or kid-
ney transplant [4, 5] or population groups such as health care 
workers or pregnant women [6, 7] or on the specific effects 

of COVID-19 such as mental health consequences, though 
predominantly among non-infected individuals [8, 9].

Advanced age is repeatedly mentioned as an inde-
pendent risk factor for death and other adverse outcomes 
among infected individuals [10, 11]. Findings from China 
in the early period of the pandemic showed an increase 
in the COVID-19-related case fatality ratio with age, of 
e.g., 0.4% or less in 40-year olds or younger, 1.3% among 
individuals in their 50s, 3.6% among individuals in their 
60s, 8% among 70-year olds, and 14.8% in those aged 80 
years or older [12]. Furthermore, older age is likely to be 
accompanied by one or multiple chronic diseases, com-
monly called multimorbidity [13], or the accumulation of Extended author information available on the last page of the article
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deficits in different body systems, known as frailty [14]. 
In fact, 55 to 98% individuals over the age of 60 live with 
multiple chronic conditions [15], while multidimensional 
frailty prevalence ranges from 13.3% in population-based 
settings to 51.5% in nursing homes [16]. Moreover, it is 
worth recalling that the number of elderly people have 
been increasing worldwide for decades. The European 
Union, for example, had 90.5 million citizens aged 65 
years and over in 2019 with projections of 129.8 mil-
lion by 2050; the age group of 85 and older is growing 
at the fastest pace, with a projected increase of approxi-
mately 113.9% by 2050 [17]. This demographic change is 
observed globally, thus highlighting the associated chal-
lenges such as multimorbidity and frailty.

The risks of poor COVID-19-related outcomes have 
been well documented in patients with single chronic con-
ditions. Studies have underlined hypertension, diabetes, 
cardiovascular diseases and chronic pulmonary or kidney 
diseases as important factors contributing to the increased 
in-hospital case fatality rate [18]. However, despite grow-
ing challenges associated with disease accumulation in 
rapidly expanding ageing populations [19], exploring the 
interplay between different numbers and combinations of 
health conditions and their impact on COVID-19-related 
outcomes has not yet been sufficiently explored [18].

Both multimorbidity and frailty may interfere with 
the physiological processes of individuals, thus making 
them more susceptible to infection or adverse outcomes 
in COVID-19 illness. Evidence about their role in the 
COVID-19 pandemic identified increased mortality risks 
and intensive care unit (ICU) admissions in patients with 
frailty and multimorbidity [20, 21]. However, these find-
ings are primarily based on hospital settings, which pre-
cludes the generalisation of the strength of these associa-
tions to the general population. Assessing and stratifying 
these risks at the population level is thus essential for 
informing public health decision-making and actions [22].

Using a population-based approach, we conducted a 
systematic literature review with two objectives: (1) to 
evaluate the etiological role of multimorbidity and frailty 
in developing SARS-CoV-2 infection and COVID-19-re-
lated short-term outcomes; and (2) to investigate the 
prognostic role of multimorbidity and frailty in develop-
ing short- and long-term COVID-19 outcomes. This paper 
reports all the outcomes identified in the literature meeting 
all the study criteria.

This study was part of a broader analytical work funded 
by the European Union’s (EU) Horizon 2020 research 
and innovation program under the grant agreement no. 
101018317, which considered both biomedical and socio-
economic factors [23, 24]. This paper only focuses on bio-
medical factors, namely multimorbidity and frailty.

Methods

The study was conducted according to the Preferred 
Reporting Items for Systematic Review and Meta-Anal-
ysis Protocols (PRISMA-P) 2015 [25]. The protocol was 
registered in the PROSPERO registry for systematic 
review protocols (no. CRD42021249444) and previously 
described [23]. Thus, only the main methodological points 
are outlined below.

Study design and search strategy

We applied a population-based approach and considered 
only studies conducted on well-defined populations of 
individuals residing in a defined geographic region in a 
given time period [26]. The analysis could include all indi-
viduals or a random population sample, the setting could 
be community- and/or hospital-based and the design could 
be based on case–control, cross-sectional or prospective 
and retrospective cohort studies. The key point is that the 
individuals included in the studies are representative of all 
individuals in the well-defined population [27].

All types of observational studies with comparative 
groups were eligible, either etiological: considering risk 
factors, believed to be related to the probability of an indi-
vidual of the population developing SARS-CoV-2 infec-
tion or COVID-19-related health event; or prognostic: 
considering prognostic factors, believed to be related to 
the probability of an individual with SARS-CoV-2 infec-
tion or COVID-19 of the population developing a certain 
outcome [28]. Interventions, clinical trials, case and quali-
tative studies were excluded.

We defined multimorbidity as two or more conditions in 
an individual [13] and included all reports of the associa-
tion between any two or more conditions and the outcomes 
of interest. In the literature, multimorbidity is usually 
assessed by measurements such as disease count, comor-
bidity or multimorbidity indices or disease combinations 
(i.e., disease clusters or patterns). These measurements of 
multimorbidity were considered in the review.

Similarly, we retained studies on frailty which referred 
to one of the three most commonly used scales, the pheno-
typic approach by Fried et al. 2001 [29], the frailty index 
[30] and the clinical frailty scale [31] from the deficit 
accumulation approach by Rockwood.

In terms of outcomes, the following was considered: 
short-term outcomes could be SARS-CoV-2 infection 
confirmed with a test or the information on COVID-19 
diagnosis retrieved from hospital records or medico-
administrative data, patient hospitalisation, mechanical 
ventilation, and mortality linked to COVID-19; long-term 
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outcomes could be quality of life, mental health, or func-
tional decline, identified through validated scales.

The systematic search strategy included variations of key 
terms for multimorbidity, frailty, socioeconomic characteris-
tics, COVID-19 and study design. Supplementary material 
1 presents details about the search strategy.

Data sources

The following databases were searched: PubMed, Embase, 
PsycINFO and World Health Organisation COVID-19 
Global literature on coronavirus disease [32].

The initial search was performed on 7 April 2021 to iden-
tify literature published from January 2020 onwards. Only 
peer-reviewed literature published in English was consid-
ered. A search update was performed for frailty alone on 1 
February 2022 due to the scarcity of evidence identified in 
the initial search. Supplementary material 2 describes the 
search strategy used for this update.

Study selection

Screening, data extraction and study quality assessment were 
performed in pairs. Due to the broader research objectives 
of the consortium (see Introduction), the record screening 
phase was performed jointly for biomedical (frailty and 
multimorbidity) and socioeconomic risk factors. TM and JG 
acted as the first reviewers and shared the literature during 
this screening phase. They remained as the first reviewers at 
the later stage for their respective research topics of biomedi-
cal or socioeconomic factors. Eleven colleagues acted as 
second reviewers (LCB, SMB, LC, RH, RFS, FPB, JC, MA, 
BV, PB, PJN); five for biomedical part alone. Both teams 
referred to a third party in the case of disagreements (JCo).

The exclusion criteria for the record screening phase are 
presented in List 1.

List 1: Reasons for exclusion from the systematic review 
(title/abstract or record screening phase) and number of 
excluded studies

Criteria for exclusion Number of 
excluded 
studies

1 = Language other than English 7
2 = Not original research (e.g., editorial, protocol) or 

no original results
597

3 = Unrelated topic (e.g., studies on individual dis-
eases, outside the review scope)

8,078

4 = Not a population-based study 534

Criteria for exclusion Number of 
excluded 
studies

5 = Subpopulation (e.g., pregnant women, health care 
workers, students)

74

The report screening phase was conducted using the 
following exclusion criteria (List 2).

List 2: Reasons for exclusion from the systematic 
review (full-text or report screening phase) and number 
of excluded studies

Reasons for exclusion Number of 
excluded 
studies

1 = Not a population-based study 90
2 = Unclear SARS-CoV-2 infection diagnosis* not assigned
3 = Study does not consider people with frailty or 

multimorbidity
88

4 = Unclear outcome measurement tool* not assigned
5 = Unclear risk factor measurement tool* not assigned
6 = Subpopulation (e.g., pregnant women, health care 

workers, students)
not assigned

7 = Not original research (e.g., editorial, protocol, 
review, conference abstract, grey literature), no 
original results or not peer-reviewed

28

8 = Identical or almost identical population consid-
ered in another study with the same outcome

4

9 = Clinical trial or intervention study not assigned
10 = Qualitative study not assigned
11 = Descriptive study, absence of comparative group 

and/or no measurement of the association of interest
16

12 = Other (explain)** 27

*even after contacting the study authors.
**full text not found, research question beyond the 

review scope, ecological study, case series, etc.
The authors were contacted to provide additional details 

for the studies with missing information. The reference 
lists of the selected studies were explored (snowballing) 
to identify additional potential evidence.

Data extraction

For each study, information was extracted into custom-
ised tables for each study objective and each outcome and 
separately for multimorbidity and frailty. The information 
concerned the study sample characteristics, exposure and 
outcome details as well as association measures.
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Quality and risk of bias assessment

All studies retained for the final synthesis were assessed for qual-
ity using the Newcastle–Ottawa scales [33–35]. Higher scores 
indicated better study quality, with a maximum score of 9 points 
for cohort studies and 10 points for cross-sectional studies.

Results

A total of 9,701 records were screened for title and abstract 
in relation to socioeconomic and biomedical risk factors 
(Fig. 1), with 411 full-text studies being assessed for inclu-
sion. Of these publications, 267 focused on the biomedical 
risk factors of multimorbidity and frailty. The search update 
conducted on frailty on 1 February 2022 retrieved 830 arti-
cles: 565 were screened for title and abstract, while only 
one article was retained. Snowballing for multimorbidity and 
frailty identified one additional article for frailty.

Finally, 14 studies were retained for data synthesis for 
multimorbidity (etiological role, n = 2; prognostic role, 
n = 13) and five for frailty (etiological role, n = 2; prog-
nostic role, n = 4). The outcomes considered for prognosis 

were SARS-CoV-2 infection, hospitalisation (including ICU 
admission/ventilation) and mortality, and the maximum fol-
low-up time was 9 months [36].

Details about the reasons for study exclusion are provided 
in Lists 1 and 2, Fig. 1 and Supplementary material 3.

The average disagreement between the first and second 
reviewers during the first screening phase for both socio-
economic and biomedical risk factors was 2.1%. The disa-
greement between two reviewers for the biomedical full-text 
(report) reading stage was 10%. The third reviewer was con-
sulted 24 times, mainly to provide advice when the repre-
sentativeness of the study sample was not clear.

Five authors were contacted for additional information, 
with two of them providing usable information.

The findings are further described below for multimorbid-
ity and frailty separately.

Multimorbidity

Study characteristics

The study criteria were met by 14 studies relating to multimor-
bidity [36–49]. Two studies described the etiological role of 

PRISMA 2020 flow diagram (adjusted)

Fig.1  PRISMA 2020 flow diagram for new systematic reviews, which included searches of databases and registers only (adjusted)
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multimorbidity [36, 37], while 13 explored its prognostic role 
[36, 38–49]. The study of Mak et al. [36] complied with both 
study objectives. Ten studies were cohorts, while four were 
cross-sectional. The majority of the studies were conducted 
in high-income countries, with only a few in mid-income set-
tings. Overall, study quality was good; seven studies scored 8 
points and one scored 7 points; two cohort studies and three 
cross-sectional studies scored the maximum of 9 and 10 points, 
respectively (Table 1 and Supplementary material 4). Five stud-
ies were conducted in community settings, four among hospital-
ised patients, four among outpatients and hospitalised patients 
and one in the ICU. Only two studies defined multimorbidity, as 
two or more comorbidities [43] or two or more chronic diseases 
[38]. The other studies did not specify the definition but instead 
presented the associations between increasing disease burden 
(e.g., number of diseases, Charlson Comorbidity Index) and 
COVID-19 health outcomes. Information on chronic conditions 
was mainly retrieved from medical records, although the use of 
a medical coding system was rarely reported. The maximum 
number of included diseases was 23, while the minimum was 7; 
only one study did not report the conditions under consideration. 
COVID-19 diagnosis was usually confirmed by a polymerase 
chain reaction (PCR) test.

None of the studies reported the long-term health outcomes. 
Mortality was the most frequently studied outcome. In most 
studies, adjusted associations with age and sex were the pre-
ferred adjustment factors. The largest study included 24,367,476 
individuals compared with 308 in the smallest. Table 1 presents 
the study characteristics.

Etiological role of multimorbidity

The two retained studies [36, 37] were cohorts with large study 
samples conducted in community settings. Disease burden 
was measured using the Charlson Comorbidity Index (CCI) 
(Table 1). Both studies showed a similar direction of the associa-
tion, namely that the likelihood of poor outcomes increased with 
a higher CCI score. With each increase in CCI score, the odds 
ratio (OR) (95% CI) was 1.30 (1.28–1.32) for infection, 1.47 
(1.44–1.50) for hospitalisation and 1.53 (1.48–1.59) for mortal-
ity [36], and 1.09 (1.06–1.13) and 1.08 (1.03–1.14) for CCI > 0 
for hospitalisation and mortality (37), respectively (Table 2).

Prognostic role of multimorbidity

Studies reporting on mortality Six cohorts and four cross-sec-
tional studies reported on mortality [36, 38, 39, 41, 43, 45–49]. 
Study samples ranged from 308 to 412,017 participants and 
covered all age groups. The proportion of females was between 
26 and 60%.

Multimorbidity burden was usually based on disease count 
(six studies), while three studies used CCI and one explored 

combinations of diseases (dyads or triads composed of diabetes, 
obesity and hypertension). The number of conditions ranged 
from 7 to 23, and the data were mainly retrieved from medical 
records or administrative data (Table 1).

Regardless of the multimorbidity measure, the studies dem-
onstrated an increasing likelihood of mortality with an increas-
ing disease burden. The direction and strength of the associa-
tion were rather consistent across studies with a significant 
dose–response relationship. Of the six studies with multimor-
bidity based on the disease count, two reported multimorbid-
ity as a binary variable (0, 1, ≥ 2), while four studies presented 
the association for more than two diseases, including one with 
mortality rate, one with the hazard ratio (HR) and two with OR 
(Table 2). Odds Ratio for the association between two diseases 
and mortality in the adjusted models was similar OR (95% CI) 
of 2.6 (1.7–4.1) [47] and OR (95% CI) 2.51 (2.3–2.7) [43]. Both 
studies were adjusted for age and sex, while that by Hernán-
dez-Vásquez et al. [43] were additionally adjusted for smok-
ing status. The studies also presented unadjusted models with 
stronger associations; the difference between the unadjusted and 
adjusted models was particularly high in the study of Reilev 
et al. [47 with OR (95% CI) of 79.0 (53.5–116.7) for four or 
more diseases in the unadjusted model versus 5.2 (3.4–8.0) in 
the adjusted model. Two studies with a continuous CCI score 
estimated the association with mortality with HR (95% CI) of 
1.14 (1.09–1.20) [49] and OR (95% CI) of 1.17 (1.11–1.23) 
[36]. In the study of Argoty-Pantoja et al. [41], the disease triad 
of “diabetes & obesity & hypertension” was associated with 
the highest likelihood of death compared with dyads of these 
three conditions, with HR (95% CI) of 5.57 (4.54–6.84) and 
1.66 (1.54–1.79) among outpatients and hospitalised patients, 
respectively (Table 2).

Studies reporting on  hospitalisation Only one study 
reported on hospitalisation [47]. This was a cohort study 
with 80% community managed cases and 20% hospital-
ised cases. Disease burden was measured based on disease 
count (17 conditions). Information on patient health status 
was retrieved from the administrative and health registries 
(Table  1). The adjusted risk of hospitalisation increased 
with the increasing disease count (e.g., for four or more dis-
eases, OR (95% CI) = 3.9 (3.2–4.8)) (Table 2).

Studies reporting on  mechanical ventilation One population-
based cohort study reported on mechanical ventilation [49]. The 
study included 7,327 participants (60% women) with a mean 
age of 47 ± 19 years. Information on health status was retrieved 
from administrative data (Table 1). Overall, 1.7% of the total 
study sample received mechanical ventilation (Table  2). The 
likelihood of mechanical ventilation increased with increasing 
CCI score (OR (95% CI) = 1.10 (1.01–1.18)).
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Studies reporting on  critical or  severe illness One study 
observed the association between multiple chronic condi-
tions and severe or critical illness (defined based on the 
WHO guidelines) [40]. A total of 5,685 participants were 
included in the analysis, with 11% females and a median 
age (IQR) of 34 (28–43) years. Disease burden was esti-
mated based on disease count (nine chronic conditions) 
retrieved from electronic medical records. Overall, 1.4% of 
the population was severely ill, while 0.6% was critically 
ill (Table 1). Among severely or critically ill patients, 7.1% 
had two or more diseases (vs 5.7% in the total population). 
The likelihood of severe or critical illness was higher in the 
population with more diseases; for example, for three or 
more diseases versus one disease, OR (95% CI) was 6.16 
(3.35–11.32) and 5.43 (3.41–8.63), respectively (Table 2).

Studies reporting on intensive care unit admission or mor‑
tality Two cohort studies reported on ICU admission or 
mortality [42, 44]. The study of Cardoso et al. [42] had a 
much larger sample size with 18,647 individuals, a female 
proportion of 59% and an older population with a median 
age (IQR) of 50 (36–66) years compared with that of 
Khan et al. [44] (n = 684, 47% female and median age MD 
(IQR) = 34 (19)) (Table 1). Both studies found higher OR for 
ICU admission or mortality with an increased disease count: 
OR (95% CI) of 2.57 (1.33–4.97) for two or more diseases 
[44] and 3.57 (2.77–4.60) for two diseases [42] (Table 2).

Frailty

Study characteristics

Five studies reporting on frailty corresponded to our 
research criteria [36, 37, 39, 50, 51]. Two studies described 
the etiological role of frailty [36, 37] and four its prog-
nostic role [36, 39, 50]. Mak et al. [36] reported on both 
objectives. Four studies involved cohorts, two of which 
scored the maximum of 9 points and two 8 points for qual-
ity; the cross-sectional study scored 9 points (Table 1 and 
Supplementary material 5). One study was conducted in a 
community setting, three in a hospitalised setting and one 
in the ICU; the study of Mak et al. [36] was conducted 
in two settings. All studies indicated the applied defini-
tion of frailty. Only one study used an individual frailty 
assessment based on a questionnaire at inclusion, while 
the others used a frailty index based on electronic medi-
cal records. COVID-19 diagnosis was usually confirmed 
with a PCR test.

Mortality was the most frequently studied outcome. 
None of the studies reported the long-term outcomes. 
The largest study had 24,367,476 individuals compared 
with 160 in the smallest. Table  1 presents the study 
characteristics.

Etiological role of frailty

The two retained studies which explored the etiological role of 
frailty were cohorts, with large study samples involving 410,199 
[36] and 24,367,476 individuals [37]. Frailty was assessed using 
the Hospital Frailty Risk Score computed with ICD-10 codes 
from hospital records 2 years before the COVID-19 pandemic 
[36] or via a claims-based frailty index based on ICD-10 codes 
from hospital records 6 months prior to the study [37] (Table 1). 
For both studies, the likelihood of poor outcomes increased with 
a higher probability of frailty: for example, OR (95% CI) asso-
ciated with an intermediate and high frailty risk were respec-
tively 2.23 (2.03–2.45) and 9.02 (8.10–10.04) for infection, 
3.84 (3.41–4.31) and 15.25 (13.45–17.30) for hospitalisation 
and 5.17 (4.09–6.52) and 20.40 (16.24–25.63) for mortality 
[36]. OR (95% CI) associated with a 10% increase in the frailty 
probability was 1.47 (1.45–1.49) for hospitalisation and 1.58 
(1.55–1.60) for mortality [37] (Table 3).

Prognostic role of frailty

Of the studies investigating the prognostic role of frailty, 
three were cohort studies (study samples n = 2,812 [36], 
n = 91,154 [39] and n = 160 [50]), while one was cross-sec-
tional (study sample n = 18,234 [51]). In Navaratnam et al. 
[39], 34.8% of the population was aged over 80 years. The 
population in the study of Mak et al. [36] had a mean age 
(SD) of 69 (± 8.7) years, which was slightly older than in 
Hodgson et al. [50] (62 years (IQR: 55–71)), which also had 
the smallest proportion of females (39.4%). Kundi et al. [51] 
had the highest proportion of females (53.4%) with a mean 
population age (SD) of 74 (± 7.4) years (Table 1).

Frailty was assessed using the Hospital Frailty Risk Score 
[36, 39, 51] or the Clinical Frailty Scale at the time of ICU 
admission [50] (Table 1).

All studies reported an increased risk of mortality, or mortal-
ity or new disability with increasing frailty scores. Three stud-
ies that used the Hospital Frailty Risk Score reported similar 
risks for mortality: OR (95% CI) of 1.53 (1.13–2.05) [36], 1.48 
(1.33–1.65) [51] and 1.51 (1.41–1.63) [39] for intermediate 
or moderate mortality risks. Reported high or severe risks for 
mortality differed more substantially between the studies: i.e., 
OR (95% CI) 1.41 (1.04–1.90) [36], 2.08 (1.80–2.41) [51] and 
1.80 (1.67–1.94) [39]. All three studies adjusted for sex and 
age in their models, although Navaratnam et al. [39] adjusted 
additionally for the deprivation index, ethnicity and date of dis-
charge, and Kundi et al. [51] also for comorbidities, which may 
be considered to be an overadjustment. In addition, Kundi et al. 
[51] reported an increased likelihood for ICU admission and 
invasive mechanical ventilation: for example, OR (95% CI) of 
1.38 (1.24–1.53) and 1.77 (1.53–2.05) for invasive mechanical 
ventilation with intermediate- and high-risk scores, respectively 
(Table 2).
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Discussion

Summary and discussion of the findings

This systematic review adopted a population-based approach 
and investigated the etiological and prognostic roles of multi-
morbidity and frailty in terms of COVID-19 health outcomes 
in the early years of the pandemic. Literature was scarce, 
especially for frailty, and the studies focused on short-term 
outcomes, mostly reporting on mortality. An increased risk 
of poorer outcomes was associated with higher multimorbid-
ity or frailty levels, which was observed across all measure-
ments of multimorbidity and frailty. We did not identify any 
studies examining the long-term outcomes.

To account for multiple conditions, researchers most 
commonly used disease count and Charlson comorbidity 
index. Only one study examined the association between 
disease combinations and COVID-19 outcomes. However, 
it was limited to three cardiometabolic conditions and thus 
cannot be considered representative of the population with 
multimorbidity, although it was retained based on the cut-
off point of two or more conditions for multimorbidity to 
emphasise the pertinence of exploring the effects of dis-
ease combinations. Identifying the most frequent and most 
harmful combinations is essential, as the joint effect of dis-
ease patterns may be stronger than their individual additive 
effects [52]. Despite the broad body of evidence on the asso-
ciation between individual chronic conditions and COVID-
19-related outcomes [18], studies on patients with multiple 
conditions are clearly less numerous, particularly among 
population-representative samples. Among the 14 studies 
included in this review, only two focused on multimorbidity 
by specifying the multimorbidity definitions they used.

Similarly, all studies on frailty in our review reported 
a significant association between higher frailty scores and 
poorer outcomes. While population-representative stud-
ies are scarce, there is substantial evidence with smaller 
hospital-based samples [53, 54]. These studies confirm 
the strong association between frailty levels and poorer 
short-term outcomes such as mortality, although they may 
underestimate the strength of the association, as they are 
based on severe cases. The study of Mak et al. [36], which 
provided estimates at the population level and among hos-
pitalised patients, clearly demonstrated a stronger associa-
tion between frailty and mortality at the population level. 
The main constraint of the evidence provided by this review 
regarding frailty relates to the fact that most included studies 
used electronic frailty scores. These scores are not based on 
face-to-face examination nor on assessment of individuals' 
functional and cognitive performances. This information 
would improve the accuracy and sensitivity of frailty meas-
urement and provide more robust estimations of associations 

with COVID-19 outcomes. In addition, the identification of 
frailty at the primary care level could improve prevention 
in this population during this or similar public health emer-
gencies in the future. There is still a lack of well-performed 
population-based studies that assess the actual association 
between frailty in the community-based population and 
COVID-19 severity.

Our results present the state of the evidence in the early 
years of the COVID-19 pandemic. Since our review, sev-
eral studies on population representative samples have been 
released for multimorbidity [55–62] and frailty [63–65]. 
They also consider earlier waves of the pandemic (study 
period between January 2020 and July 2021) and address 
short-term outcomes, notably in terms of infection, hospi-
talisation, ICU admission and mortality. The studies support 
our findings underlying the higher risk of poorer outcomes 
with the higher number of diseases or with a CCI score 
increment [55, 56, 58, 59, 61, 62], with increasing frailty 
[63–65] and for certain disease patterns such as cardiometa-
bolic or cardiovascular patterns, which presented a stronger 
association with infection or infection severity [57, 60]. 
Regarding the risk of infection, however, the findings seem 
to be less conclusive, for e.g., Catalano et al. [58] showed 
the lesser likelihood of infection for patients with multimor-
bidity, even though they were tested more often, which may 
potentially be explained by their better compliance with the 
restrictive measures; nevertheless, in the same study, the 
risk of hospitalisation, ICU admission or death was higher 
for patients with multimorbidity. The number of emerging 
studies on population representative samples seems encour-
aging, although it is clear that making this evidence available 
requires time.

Study limitations

Only quantitative studies were considered. As case and qual-
itative study designs require different approaches for evi-
dence synthesis [66–68], they were excluded for feasibility 
reasons. Further, we only included scientific publications in 
English, which may have led to the omission of population-
based studies published in other languages. Despite a pilot 
test being conducted prior to the study and regular weekly 
meetings to reduce heterogeneity during the screening pro-
cess [23], disagreements between two reviewers were fre-
quent during the full-text reading phase. However, the qual-
ity check was ensured through regular consultations with 
the third reviewer. The instruments used to assess multi-
morbidity and frailty varied across the studies, thus making 
comparisons difficult. This along with other variations such 
as the insufficient number of studies using the same outcome 
and the association metrics precluded the possibility of per-
forming meta-analysis, which required a minimum of four 
comparable studies as indicated in the protocol of the study 
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published earlier [23]. The number and type of diseases also 
differed across studies, although the most prevalent chronic 
conditions were included. The use of a medical coding 
system such as the International Classification of Diseases 
(ICD) was often not reported. In addition, the study settings 
differed across the studies (e.g., community setting, hospital 
setting, ICU), although the population representativeness of 
the sample was always required with the inclusion of all 
community or hospitalised cases, for instance. In this regard, 
studies undertaken in the same setting may be more com-
parable. The population representativeness of the sample 
was difficult to determine on several occasions during the 
screening process, which may have led to the omission of 
some evidence. The studies most frequently controlled for 
age and sex, although factors such as poverty level, ethnicity, 
influenza vaccination status or others were occasionally con-
sidered. Where unadjusted models were also presented, the 
adjusted models showed a less strong association between 
the risk factors and outcomes, thus indicating that sociode-
mographic, socioeconomic, biological or behavioural fac-
tors may also influence these associations. Certain studies 
adjusted for individual diseases or frailty in addition to mul-
timorbidity, thus leading to overadjustments and minimising 
the strengths of the association in the resulting models.

Recommendations for research and policy

Repeated exposure, different virus variants and vaccina-
tion in the later years of the pandemic may have changed 
the landscape of infection. The intention of our work was 
to underline the relevance of estimations at the population 
level to guide public health decisions; here we provide the 
existence of those estimations for discussed health groups 
during the initial phases of the pandemic. The studies which 
discuss the later waves of SARS-CoV-2 infection will be 
relevant in observing the potential evolution of the associa-
tions presented here and in comparing their direction and 
strength with those of the later waves, while taking into 
consideration more recent virus variants and the effects of 
vaccination. Considering that the circulation of variants and 
vaccination programs differed across geographical regions, 
recent population-representative studies performed in the 
same regions and the same settings as those discussed here 
would be particularly valuable to compare the findings. 
Researchers should be encouraged to adjust for age and sex 
at a minimum. As poor socioeconomic characteristics also 
influence multimorbidity and frailty [52, 69–71] as well as 
COVID-19 outcomes [72], they should also be considered 
in models to provide more precise estimates. The majority 
of the studies identified in our review were conducted in 
high-income countries, with only a few being performed in 
middle-income settings. Bearing in mind that life expectancy 
is increasing worldwide and even at a faster rate in less-off 

parts of the world [73], given the challenges posed by age-
ing societies, low-income countries, which endured the most 
devastating effects of the COVID-19 pandemic, should be 
urged to estimate the relationships investigated here. Mul-
timorbidity manifests differently across age and sex groups 
[74], as appears to be the case for the COVID-19 outcomes 
[11, 75]. The studies identified in our review did not provide 
stratified estimates for these groups. Observing the asso-
ciations between multimorbidity or frailty and COVID-19 
outcomes separately for men and women and for different 
age groups would provide more detailed information about 
the effects of the pandemic.

Unfortunately, no studies on the long-term impacts were 
identified. Considering the uncertainty of the COVID-19 
pandemic during the early years, the concerns about short-
term outcomes seems reasonable. It is nevertheless increas-
ingly obvious that the COVID-19 pandemic has left long-
lasting consequences on mental health [8], quality of life 
[76], daily functioning and work capacities [77]. As these 
consequences risk overburdening the national health and 
economic systems in the future, they should be recognized 
and managed in a timely manner.

Lastly, biological mechanisms such as the weakened 
physiological capacities of multiple organ systems in 
patients with frailty and/or multimorbidity certainly play an 
important role in the association with COVID-19 outcomes. 
Altered biological functioning may increase susceptibility 
to infection and the likelihood of poorer outcomes. These 
mechanisms and their potential interaction with COVID-19 
pathophysiology merit more research.

Conclusion

This review provides clear, coherent but limited evidence on 
the association between increased disease and frailty burden 
and poorer COVID-19 outcomes in population-represent-
ative samples for the early years of the pandemic. Future 
studies should use the same tools for exposure and outcomes 
to the feasible extent, to ensure better comparability and 
certainty in the strength of the associations.

In ageing societies, multimorbidity and frailty represent 
growing challenges in both developed and developing con-
texts. Single disease-oriented healthcare systems are already 
struggling to meet the health and financial demands caused 
by these complex conditions, and overlooking their impor-
tance in the current context risks compounding these issues 
with the consequences of infectious diseases. The magni-
tude of these repercussions should be thoroughly explored 
to guide adequate public health decisions and reduce the 
impact of COVID-19. Any lessons drawn now may help in 
the management of any future health crisis should it emerge.
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