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Abstract 

Background The number of frail older people is increasing worldwide, and all countries will be confronted with their 
growing needs for healthcare and social support. The aim of this umbrella review was to summarize the evidence 
on the factors associated with frailty in older people, using a socioecological approach.

Methods PubMed (MEDLINE), Scopus, Web of Science, ScienceDirect, Hinari (research4life), and the Trip database 
were systematically searched up to April 2023. Systematic reviews of observational studies that explored factors 
associated with frailty in older adults aged 60 years and over were considered for inclusion. No language, geographi-
cal or setting restrictions were applied. However, we excluded systematic reviews that investigated frailty factors 
in the context of specific diseases. The Joanna Briggs Institute Critical Appraisal Checklist for Systematic Reviews 
and Research Syntheses and the ROBIS tool were used to assess the quality and risk of bias in the included studies.

Results Forty-four systematic reviews were included, covering 1,150 primary studies with approximately 2,687,911 
participants overall. Several risk factors, protective factors and biomarkers were found to be associated with frailty, 
especially in community-dwelling older people, including 67 significant associations from meta-analyses. The cer-
tainty of the evidence was rated as moderate or reached moderate levels for seven factors relevant to older people. 
These factors include depression (OR 4.66, 95% CI 4.07 to 5.34), loneliness (OR 3.51, 95% CI 2.70 to 4.56), limitations 
in activities of daily living (OR 2.59, 95% CI 1.71 to 3.48), risk of malnutrition (OR 3.52, 95% CI 2.96 to 4.17), Dietary 
Inflammatory Index score (OR 1.24, 95% CI 1.16 to 1.33), maximal walking speed (Standardized Mean Difference (SMD) 
-0.97, 95% CI -1.25 to -0.68), and self-reported masticatory dysfunction (OR 1.83, 95% CI 1.55 to 2.18). Additionally, 
only greater adherence to a Mediterranean diet showed a high level of evidence (OR 0.44, 95% CI 0.31 to 0.64).

Conclusions This umbrella review will provide guidance for prevention strategies and clinical practice by promoting 
healthy lifestyles and addressing all modifiable risk factors associated with frailty. Future systematic reviews should 
consider heterogeneity and publication bias, as these were the main reasons for downgrading the level of evidence 
in our review.
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Background
With the gradual ageing of the population [1], the num-
ber of older people becoming frail is increasing world-
wide [2–6]. The World Health Organization defines 
frailty as "a clinically recognizable state in which the abil-
ity of older people to cope with everyday or acute stress-
ors is compromised by an increased vulnerability brought 
by age-associated declines in physiological reserve and 
function across multiple organ systems" [7].

The identification of frailty, pre-frailty and robustness 
status has often been done by considering the biologi-
cal model of frailty known as Fried’s physical phenotype 
or physical frailty [8, 9]. It is generally recognized by the 
presence of at least three of the following five criteria: 
unintentional weight loss, muscle weakness, self-reported 
exhaustion, slowness and low physical activity [8].

A recent systematic review found that 13.6% of non-
frail (robust or pre-frail) people became frail, with a 
global incidence rate of frailty of 43.4 cases per 1000 
person-years [2]. The prevalence of frailty varies consid-
erably between countries and regions, and also accord-
ing to the assessment tool used [4, 5]. The authors of a 
systematic review conducted in the context of low- and 
middle-income countries, showed that the prevalence 
of frailty and pre-frailty ranged from 3.9% to 59.4% and 
from 13.4% to 71.6%, respectively [4]. In a more recent 
systematic review of 62 countries around the world, the 
pooled prevalence of frailty was 12% using physical frailty 
and 24% using the deficit accumulation model [5].

As conceptual models of frailty have evolved, several 
authors have been interested in the multidimensional 
approach to frailty, taking into account all its domains: 
biological, psychological, and social [10, 11].

Given the diversity of theoretical definitions of frailty 
in older persons [12, 13], and despite the lack of consen-
sus on an operational definition, it is crucial to identify 
frailty earlier in order to limit its negative consequences. 
Numerous studies have shown that frail older people 
have an increased risk of falls, fractures, disabilities, hos-
pitalizations, institutionalization, and even death [14–
18]. It is also important to note that frailty is considered 
a dynamic syndrome that can be reversed by addressing 
modifiable factors [19–21].

Frailty in the older population is influenced by multi-
ple factors, and it is essential to approach it holistically by 
considering all the determinants related to the individu-
als, their relationships, and their living environment. The 
use of a socioecological approach will help to uncover the 
different levels of influence involved in the development 
of frailty and guide preventive interventions. According 
to commonly used models of application of this approach 
[22, 23], it is possible to examine frailty factors at vari-
ous levels: the individual or intrapersonal level, including 

demographic characteristics, lifestyle factors, and health-
related factors of the older person; the relationship or 
interpersonal level, involving the older individual’s social 
network, such as family relationships and friendships; the 
community level, encompassing the physical and social 
environment; and the societal or policy level, which 
includes local cultures, laws, and policies.

Over the past decade, there has been a gradual increase 
in the number of systematic reviews addressing factors 
related to frailty in older people. However, most of these 
studies have focused on only one or a few determinants 
of frailty in older individuals [24–28]. In addition, other 
systematic reviews have been limited to frailty associ-
ated with specific diseases, countries, regions or con-
texts, and very few studies have examined a wide range 
of determinants of frailty [29, 30]. Therefore, the aim of 
this umbrella review was to summarize the best available 
evidence on the determinants and factors associated with 
frailty in older people from published systematic reviews, 
with or without meta-analysis, to guide clinical practice 
and health policies.

Methods
This umbrella review was performed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 Update guidelines [31] 
and the recommendations of the Joanna Briggs Institute 
(JBI) for conducting umbrella reviews [32].

Registration and protocol
The review protocol was registered on the international 
prospective register of systematic reviews (PROSPERO) 
on May 10, 2022, under the number CRD42022328902 
and is available from the following link:  https:// www. 
crd. york. ac. uk/ prosp ero/ displ ay_ record. php? Recor dID= 
328902.

Data sources and search strategy
A comprehensive search strategy was developed and a 
systematic search was conducted on September 29, 2022, 
in the following databases: PubMed (MEDLINE), Scopus, 
Web of Science, ScienceDirect, Hinari (research4life), 
and the Trip database.

The keywords and MeSH terms used were guided 
by our preliminary research and included older peo-
ple as our population of interest, the factors associated 
with different levels of influence of the socioecological 
approach as the exposure, and the concept of frailty as 
the outcome. There were no predefined interventions 
or comparisons in this review, and the research was 
conducted without limitation of geographical area or 
setting. The keywords were linked using the Boolean 
operators "AND", "OR" and "NOT" and our search 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=328902
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=328902
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=328902
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equations were adjusted for each database. Details of 
these equations and the filters used can be found in 
the supplementary material (Additional file 1).

We have completed by hand searching reference lists 
and citations of the articles included in this review. 
Subsequently, an additional search in Google Scholar 
was performed on December 30, 2022, with a continu-
ous check of the alerts generated in three main data-
bases (Scopus, Web of Science, and ScienceDirect). As 
planned in our protocol, a re-run of the search strat-
egy was performed on April 16, 2023, before complet-
ing our final analysis to retrieve any eligible articles. 
For those articles that were not available in full text, a 
request was made to the authors.

Eligibility criteria
Systematic reviews of observational studies, with or 
without meta-analysis, published from 2011 to 2023 
that explored factors associated with frailty in older 
adults aged 60  years and over were considered for 
inclusion in this umbrella review.

The chosen age limit remains a reference for talking 
about older people [1] and allows us to cover a wider 
population in our study than if we had considered only 
people aged 65 years and over by convention.

For exposure, we considered all the determinants or 
factors associated with frailty that belong to different 
levels of influence as defined by the socioecological 
approach. These factors include those at the individ-
ual or intrapersonal level (e.g., age, gender, education, 
income, lifestyle factors or behaviors, biological and 
health-related factors), the relationship or interper-
sonal level (e.g., marital status, social support, family 
income), the community level (e.g., physical environ-
ment, neighborhood, social interactions), and the 
societal or policy level (e.g., public policies, cultural 
norms, legislation) [22, 23]. Regarding the main out-
comes, the studies to be included should address frailty 
as measured by any valid frailty assessment tool, and 
the nature of its association with the factor(s) studied.

In addition, systematic reviews that examined mul-
tiple factors associated with frailty with available and 
sufficient data in their qualitative synthesis, sepa-
rated by age or study design, were also considered for 
inclusion.

We excluded systematic reviews that studied frailty 
factors in the context of specific diseases, included a 
population group under 60 years of age in their meta-
analyses, or had no full text available. However, we 
did not apply any language, geographical or setting 
restrictions and no reviews were excluded after quality 
assessment.

Study selection process
The PRISMA 2020 flowchart was used to report our 
review process and the selection of studies. Records 
retrieved from all databases were transferred to a 
library created on the reference management software 
Zotero. This allowed two reviewers (MB and AS) to 
manually identify and remove duplicates. Subsequently, 
these reviewers independently screened all titles and 
abstracts of the remaining articles, making initial exclu-
sions based on our eligibility criteria. The full texts of 
the articles were then assessed for inclusion.

Any disagreements between the two reviewers were 
resolved through discussion and, if necessary, the opin-
ion of a third author (MK) was sought.

The combination of these results with those from the 
additional search helped determine which articles were 
retained and which were excluded at the end of the 
process.

Data collection process and data items
Data collection from eligible articles was conducted 
independently by two reviewers (MB and NEH) and 
with reference to the JBI Data Extraction Form for 
Review for Systematic Reviews and Research Synthe-
ses [32]. The following data were extracted for each 
included systematic review: study details (title and ref-
erence; authors and year of publication; type of review; 
objective(s); participants; setting; factors explored), 
search details (number of databases and sources 
searched; date range of included studies; number of 
studies included; type of studies included; country of 
origin of included studies), quality appraisal (appraisal 
instruments used; appraisal rating), frailty assessment 
(frailty assessment tools used; result of the assessment), 
main findings (factors associated with frailty; signifi-
cance/direction/ effect size), heterogeneity (if applica-
ble) and limitations reported by the authors. To address 
missing data related to study or research details, we 
used information from the primary studies and also 
contacted some authors for supplementary material. 
Any discrepancies between the two reviewers were 
resolved through discussion and rechecking the data.

Quality and risk of bias assessment
The quality assessment of the reviews included in our 
umbrella review was independently performed by two 
reviewers (MB and AS) using the JBI Critical Appraisal 
Checklist for Systematic Reviews and Research Syn-
theses [32]. This appraisal tool consists of 11 ques-
tions, each with four possible answers: yes, no, unclear, 
or not applicable. The overall score is calculated by 
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considering only the "yes" answers, which receive one 
point each, while all other answers receive zero points.

According to the final assessment score, the quality 
of the systematic reviews was rated as “high” (9–11), 
“moderate” (5–8) or “low” (0–4).

An additional assessment of the risk of bias in the 
included reviews was conducted using the ROBIS 
tool [33]. This tool is specifically designed to evalu-
ate the risk of bias in systematic reviews and consists 
of three phases. The first phase, relevance assessment, 
is optional. The other required phases, 2 and 3, involve 
the identification of concerns with the review process 
and judging the risk of bias, respectively. It is important 
to note that phase 2 is composed of four domains: study 
eligibility criteria, identification and selection of stud-
ies, data collection and study appraisal, and synthesis 
and findings. Each domain includes questions that can 
be answered with "Yes", "Probably Yes", "Probably No", 
"No", or "No Information", with "Yes" indicating low 
concerns. The judgment for each domain, as well as for 
the final phase of risk of bias assessment, will be classi-
fied as "Low", "High" or "Unclear".

Data synthesis and certainty assessment
We conducted a qualitative synthesis, which included 
narrative tables of the main factors associated with 
frailty among older people. Additionally, we have devel-
oped an illustrative socio-ecological model of these 
factors.

The results obtained from the reviews were based 
on various effect measures, such as Relative Risk (RR), 
Odds Ratio (OR), Mean Difference (MD) or Standard-
ized Mean Difference (SMD), with significance deter-
mined by a p-value < 0.05.

The Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) approach [34, 
35] was then used to assess the certainty of the evi-
dence in the systematic reviews for our patient-relevant 
outcomes. These factors were selected based on their 
relevance to clinical practice, the potential for mak-
ing recommendations or implementing public health 
actions, and the availability of data. The quality of 
evidence for each outcome initially started as "Low" 
because it was based on observational studies. Risk of 
bias, inconsistency, indirectness, imprecision, and pub-
lication bias were the five reasons that could downgrade 
the quality of the evidence. However, there were three 
other considerations that could upgrade the quality of 
evidence: large effect size, dose response, and all plau-
sible residual confounding factors or biases. The quality 
of a body of evidence will be rated as "High", "Moder-
ate", "Low" or "Very Low".

Results
Study selection
A total of 11,975 studies were identified by searching 
all databases. After removing duplicates, the remain-
ing 3,689 articles were screened by title and abstract 
according to our inclusion criteria. Of these, 3,545 were 
excluded and only 144 full-text articles were assessed for 
eligibility. Subsequently, 103 studies were also excluded, 
leaving 41 studies. The additional search retrieved four 
studies and only one was selected after assessment for 
inclusion. No additional articles were found in the alerts 
of the databases, while two additional studies were 
retrieved by re-running our search strategy. Also, check-
ing the reference lists of the last two included articles as 
well as a final checking of the citations of all included 
papers did not generate any new eligible articles. Thus, a 
total of 44 studies were retained in our umbrella review 
[28–30, 36–76]. Full details of the selection process for 
the systematic reviews included in our qualitative syn-
thesis are presented in the PRISMA flow diagram (Fig. 1). 
Additionally, the list of full-texts that were excluded 
after evaluation is provided in the supplementary mate-
rial (Additional file  2), along with the reasons for their 
exclusion.

Study characteristics
The main characteristics of the included systematic 
reviews are summarized in Table 1.

Of the 44 studies included in our review, 27 were sys-
tematic reviews with meta-analysis and 17 had only qual-
itative synthesis. The publication dates of these reviews 
ranged from 2014 to 2023, with the highest number of 
publications in 2022, with 11 studies (25%). It is worth 
noting that the two studies considered in 2023 were 
already first published online in 2022.

Regarding the number of databases searched it var-
ied from one to eight databases with PubMed, Embase 
and MEDLINE as the main data sources. A total of 
1,150 primary studies were included in our systematic 
reviews, with a range of three to 342 studies published 
from 1994 to 2022. The total number of participants per 
review ranged from 1,757 to 889,880 with approximately 
2,687,911 participants overall. Cross-sectional studies or 
data dominated in comparison to longitudinal studies 
and in some papers, they have been combined.

Most primary studies collected information from both 
sexes and depending on the available data, the proportion of 
females ranged from 15.3% to 88.3%. Some studies involved 
only women while a few studies included only men.

The study setting was primarily at the community 
level and in terms of the countries of origin of included 
primary studies, 61 countries were reported, dis-
tributed as follows: 29 countries in Europe (47%); 17 
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countries in Asia (28%); 10 countries in the Americas 
(16%); four countries in Africa (7%) and one country 
in Oceania (2%). Furthermore, the countries of origin 
were not specified in eight cases.

As for the distribution of the primary studies around 
the world, the European continent was also leading, 
followed by the American continent, especially North 
America, and by Asia, Oceania and Africa respectively. 
In addition, seven countries accounted for more than 
65% of the studies, namely the United States of Amer-
ica (USA), China, Japan, Spain, the United Kingdom 
(UK), Italy and Brazil.

Frailty assessment
Several tools have been used to assess frailty, and some 
of them have been adapted for specific countries, set-
tings or components of frailty.

The Fried frailty phenotype [8] was the most com-
monly used tool in the included systematic reviews, 
whether used alone, in combination or in a modified 
version. It was followed by the Frailty Index [77, 78] 
and the FRAIL scale [79, 80], respectively.

According to the available data, the prevalence 
of frailty in older people ranged from 0.9% (Ger-
many) using Fried’s criteria [75] to 88.4% (China) with 

Fig. 1 PRISMA flow diagram for study selection. * Integration of two studies from the re-run of the research strategy
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Comprehensive Geriatric Assessment (CGA) combined 
with the Frailty Index [36].

Only two reviews have examined the factors associated 
with frailty and cognitive impairment or cognitive frailty 
[38, 71]. However, cognitive function or cognitive impair-
ment has been explored as factors associated with frailty 
in several reviews [29, 30, 36, 50, 66, 69].

Quality appraisal and risk of bias in the included 
systematic reviews
Using the JBI Critical Appraisal Checklist for Systematic 
Reviews and Research Syntheses, the overall score ranged 
from seven to 11 out of 11 (Table 2). Therefore, 30 studies 
(68%) were rated as "high" quality, including 19 systematic 
reviews with meta-analyses and 11 systematic reviews 
with qualitative synthesis. There were no studies of low 
quality, and the remaining studies were rated as "moder-
ate", with eight systematic reviews with meta-analyses and 
six systematic reviews with qualitative synthesis.

Based on the ROBIS tool [33] for assessing the risk of 
bias in systematic reviews, the final judgment of the risk 
of bias in the reviews was rated as "Low" for 25 studies 
(57%). This corresponds to 14 systematic reviews with 
meta-analyses and 11 systematic reviews with qualitative 
synthesis. The remaining 19 studies were rated as having 
a "High" risk of bias, including 13 systematic reviews with 
meta-analyses and six systematic reviews with qualitative 
synthesis. Table 3 presents the details of the assessment of 
the four domains of the second phase of the ROBIS tool 
and the final judgment of the risk of bias in the reviews.

Main factors associated with frailty in older people
Several factors were considered in the reviews, corre-
sponding to different levels of influence in the adopted 
socio-ecological model. These factors mainly included 
individual factors that were explored in all reviews, 
including demographic and personal factors (11 reviews), 
clinical and health-related factors (30 reviews), lifestyle 
factors (13 reviews) and biological factors or biomarkers 
(11 reviews). Relationship and community factors were 
explored in ten and four reviews, respectively. Only ten 
reviews have combined the previous levels of influence 
in the socio-ecological model, and there were no reviews 
that addressed the societal or policy level. However, six 
reviews associated the individual and relational levels 
and four reviews combined the three levels explored. In 
addition, 24 reviews (55%) were able to explore multiple 
factors or parameters related to frailty, while the remain-
ing 20 reviews focused only on one or two factors. In 
total, 75 factors were explored in several specific meta-
analyses, revealing 67 significant associations with frailty 
in the older population, with 49 positive associations and 
18 negative associations.

A summary of the main factors identified by the level of 
influence of the socio-ecological model and their associa-
tions with frailty is available in the Additional files (Addi-
tional file 4).

Individual level
Demographic factors and personal characteristics
Older age [29, 30, 36, 38, 60, 65, 66, 69] and female gender 
[29, 30, 36, 65, 69, 70] were the most frequently identified 
risk factors for frailty in the older population, according 
to various systematic reviews and meta-analyses.

A lower level of education was often found to be signif-
icantly associated with frailty status [30, 36, 50, 60], but 
non-significant associations were also reported [30]. The 
number of years of education was inversely associated 
with frailty [29], while the association between higher 
education level and frailty was controversial based on 
the results of meta-analyses [69]. Income was found to 
be inversely associated with frailty [29, 30], and a con-
sistent inverse association was identified between frailty 
and quality of life [45]. Ethnic background was reported 
to be associated with frailty in a few studies [29, 30].

Clinical and health‑related factors
Among the clinical and health-related factors explored, 
seventeen factors were identified as risk factors for frailty 
based on the results of meta-analyses. These factors 
included pain [69], loneliness [51], having three or more 
chronic diseases [65], metabolic syndrome [75], inconti-
nence [36], respiratory disease [69], arterial stiffness indi-
ces [43] and sleep parameters [47, 69, 72] such as insomnia 
[47], difficulty falling asleep [47], difficulty in maintaining 
sleep [47], non-restorative sleep [47], poor sleep [69], short 
sleep duration (< 6 h) [72], long sleep duration (> 8 h) [72], 
daytime drowsiness [72], sleep-disordered breathing [72], 
and prolonged sleep latency [72].

According to both qualitative syntheses and meta-anal-
yses, significant positive associations with frailty were 
also found with the following factors: poor self-perceived 
health [29, 30, 36, 66], polypharmacy [36, 69], history of 
falls [29, 36, 38, 69], cognitive impairment [30, 36, 50, 66, 
69], risk of malnutrition [29, 36, 63, 66], malnutrition [29, 
59, 63, 69], masticatory dysfunction [53, 64], limitations 
in activities of daily living (ADL) [36, 60, 65, 66], abdomi-
nal obesity [29, 40, 60], obesity [30, 40, 60], underweight 
[29, 40], comorbidities [29, 36, 69], diabetes [29, 36, 60, 
69], hypertension [36, 60], arthritis [29, 36, 60], stroke 
[29, 36], chronic obstructive pulmonary diseases (COPD) 
[29, 36], hearing dysfunction [60, 69], depression [28, 29, 
36, 60, 69], and depressive symptoms [29, 30, 50, 60, 66]. 
However, non-significant associations with frailty were 
reported from quantitative analyses, particularly for early 
morning awakening [47], overweight [40], stroke [69], 
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Table 2 Quality assessment of included studies using the JBI critical appraisal checklist for systematic reviews and research syntheses

Y: Yes N: No U: Unclear
Q1: Is the review question clearly and explicitly stated?
Q2: Were the inclusion criteria appropriate for the review question?
Q3: Was the search strategy appropriate?
Q4: Were the sources and resources used to search for studies adequate?
Q5: Were the criteria for appraising studies appropriate?
Q6: Was critical appraisal conducted by two or more reviewers independently?
Q7: Were there methods to minimize errors in data extraction?
Q8: Were the methods used to combine studies appropriate?
Q9: Was the likelihood of publication bias assessed?
Q10: Were recommendations for policy and/or practice supported by the reported data?
Q11: Were the specific directives for new research appropriate?

Study number, authors, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Overall

(1) Qin Y et al. 2023 (Epub 2022) [36] Y Y Y Y Y Y Y Y Y Y Y 11/11

(2) Slashcheva LD et al. 2021 [37] Y Y Y Y Y Y U Y Y Y Y 10/11

(3) Vatanabe IP et al. 2022 [38] Y Y Y Y Y N N Y N Y Y 8/11

(4) Ramakrishnan P et al. 2017 [39] Y Y Y Y Y U U Y Y Y Y 9/11

(5) Yuan L et al. 2021 [40] Y Y Y Y Y Y Y Y Y Y Y 11/11

(6) Kojima G et al. 2018 [41] Y Y Y Y Y U Y Y Y U Y 9/11

(7) Assis, EPS de et al. 2018 [42] Y Y Y Y Y U U Y N Y Y 8/11

(8) Piotrowicz K et al. 2021 [43] Y Y Y Y Y U Y Y Y U Y 9/11

(9) de Souza LF et al. 2022 [44] Y Y Y Y Y Y Y Y N Y Y 10/11

(10) Kojima G et al. 2016 [45] Y Y Y Y Y U U Y Y U Y 8/11

(11) Carvalho ACA et al. 2018 [46] Y Y Y Y Y U Y Y Y U Y 9/11

(12) Wen Q et al. 2023 (Epub 2022) [47] Y Y Y Y Y Y Y Y Y Y Y 11/11

(13) Hakeem FF et al. 2019 [48] Y Y Y Y Y Y Y Y N Y Y 10/11

(14) Marcos-Pérez D et al. 2020 [49] Y Y Y N N Y Y Y Y U Y 8/11

(15) Pothier K et al. 2022 [50] Y Y Y Y U U Y Y N U Y 7/11

(16) Kojima G et al. 2022 [51] Y Y Y Y Y U U Y Y Y Y 9/11

(17) Kojima G et al. 2020 [52] Y Y Y N Y Y U Y N U Y 7/11

(18) Kojima G et al. 2022 [53] Y Y Y Y Y N N Y Y U Y 8/11

(19) Picca A et al. 2022 [54] Y Y Y Y Y Y Y Y N Y Y 10/11

(20) Moradi S et al. 2021 [55] Y Y Y Y Y U Y Y Y Y Y 10/11

(21) Navarrete-Villanueva D et al. 2021 [56] Y Y Y Y Y U Y Y N Y Y 9/11

(22) Tôrres LH et al. 2015 [57] Y Y Y Y N U Y Y N Y Y 8/11

(23) Kojima G et al. 2022 [58] Y Y Y N Y U U Y Y Y Y 8/11

(24) Mello Ade C et al. 2014 [29] Y Y Y Y Y U Y Y N Y Y 9/11

(25) Verlaan S et al. 2017 [59] Y Y Y Y U U Y Y N Y U 7/11

(26) Lee L et al. 2017 [60] Y Y Y Y Y U Y Y N Y Y 9/11

(27) Coelho-Júnior HJ et al. 2018 [61] Y Y Y Y Y Y Y Y Y Y Y 11/11

(28) Marcos-Pérez D et al. 2020 [62] Y Y Y N N Y Y Y Y Y Y 9/11

(29) Lorenzo-López L et al. 2017 [63] Y Y Y Y N U U Y N Y Y 7/11

(30) Dibello V et al. 2021 [64] Y Y Y Y Y Y Y Y N Y Y 10/11

(31) He B et al. 2019 [65] Y Y Y Y Y Y Y Y N Y Y 10/11

(32) Xu R et al. 2021 [66] Y Y Y Y Y Y Y Y Y Y U 10/11

(33) Coelho-Junior HJ et al. 2022 [67] Y Y Y Y Y Y Y Y N U Y 9/11

(34) Parvaneh S et al. 2016  [68] Y Y Y Y Y U Y Y N Y Y 9/11

(35) Feng Z et al. 2017 [30] Y Y Y Y Y N Y Y N Y Y 9/11

(36) Wang X et al. 2022 [69] Y Y Y Y U U Y Y N Y Y 8/11

(37) Gordon EH et al. 2017 [70] Y Y Y Y Y U U Y N U Y 7/11

(38) Sargent L et al. 2018 [71] Y Y Y Y U U Y Y N Y Y 8/11

(39) Pourmotabbed A et al. 2020 [72] Y Y Y Y Y U Y Y Y Y Y 10/11

(40) Carvalho ACA et al. 2019 [73] Y Y Y Y Y U Y Y Y U Y 9/11

(41) Shakya S et al. 2022 [74] Y Y Y Y Y Y N Y N Y Y 9/11

(42) Chu W et al. 2019 [28] Y Y Y Y Y U Y Y Y Y U 9/11

(43) Dao HHH et al. 2022 [75] Y Y Y Y Y Y U Y N Y Y 9/11

(44) Wai JL et Yu DS, 2020 [76] Y Y Y Y Y Y Y Y N Y Y 10/11
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Table 3 Assessment of Risk of Bias in Included Systematic Reviews Using ROBIS Tool

 Low

 High

 Unclear
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cardiovascular diseases [69], vision dysfunction [69], and 
human herpes virus seropositivity [46]. The five compo-
nents of physical fitness [56] and the body mass index 
(BMI) [69] were found to have a significant negative asso-
ciation with frailty in the older adults.

Abdominal obesity, hyperglycemia and multiple concomi-
tant cardiometabolic risk factors have been associated with an 
increased likelihood of frailty in older people with inconsist-
ency between studies concerning the associations between 
dyslipidemia, elevated blood pressure, and frailty [74].

Oral health characteristics were specifically addressed in 
four systematic reviews [37, 48, 57, 64]. The first review, pub-
lished in 2015 [57], suggested a possible association between 
poor oral health and frailty. However, this review was not 
strongly conclusive due to limitations and concerns related 
to the included studies, and it also presented a high risk of 
bias. The most recent reviews with high quality and low risk 
of bias have identified different oral health indicators [37, 
48, 64], which have been classified into four categories: "oral 
health status deterioration; deterioration of oral motor skills; 
chewing, swallowing, and saliva disorders; and oral pain" 
[64]. These factors include the number of teeth, decreased 
masticatory function, difficulty chewing, deterioration of 
oral health, oral diadochokinesis, reduced occlusal force, 
reduced tongue pressure, dry mouth, periodontal disease, 
difficulty swallowing, oral dysbiosis, and tooth or mouth 
pain [64]. In addition, non-use of dental services, the need 
for dentures, the need for preventive dental care, and worse 
self-perceived or self-reported oral health factors have also 
been associated with frailty in older persons [37]. Thus, oral 
frailty and the accumulation of oral health problems have 
been found to be associated with an increased incidence of 
frailty, while good oral health and good oral hygiene have 
been identified as protective factors [37, 48, 64].

Despite indicating positive associations with frailty, the 
exploration of anemia [42], sleep and wake disturbances [76], 
and cardiac autonomic nervous system impairment [68] 
were inconclusive or should be interpreted with caution.

Other factors that have been cited as contributing to 
frailty in systematic reviews include the number of falls in 
the last 12 months [30, 60], fear of falling [44], a history of 
hospitalization [36], functional incapacity [29], and limita-
tions in instrumental activities of daily living (IADL) [36].

Lifestyle factors and behaviors
Greater adherence to a Mediterranean diet [30, 41], consump-
tion of fruits and vegetables [30, 58], higher protein intake [30, 
61, 63, 67], better diet quality and higher intake of α-carotene, 
β-carotene equivalent, vitamin D, α-tocopherol, vitamin B6, 
folate and vitamin C were found to be inversely associated 
with frailty [63]. Additionally, a higher Dietary Inflammatory 
Index score [55] and a low intake of specific micronutrients 

(vitamin D, E, C, folate, carotenoids, α-tocopherol) [63] 
showed a significant increased risk of frailty.

Sedentary behavior [60], a low level of physical exercise 
[36, 69] and smoking [29, 30, 60, 69] were considered to 
be significantly associated with the risk of frailty in many 
reviews. However, there was some inconsistency regarding 
alcohol consumption [29, 30, 36, 60], with one meta-analysis 
showing a significant inverse association with frailty [69].

Biological factors
When considering biological factors, C-reactive protein 
(CRP) [30, 39, 49, 50, 54, 60, 71], Interleukin-6 (IL-6) [39, 
49, 50, 54, 71], and Tumor necrosis factor alpha (TNF-α) 
[39, 54, 71] have been frequently studied and often found 
to have a positive and significant association with frailty. 
Low levels of vitamin D (25(OH)D) have also commonly 
been found in frail older people [30, 39, 50, 62, 69, 71]. 
Various inflammatory, hematological, protein, endo-
crine, and nutritional markers have been explored, but 
with a limited number of primary studies [30, 38, 39, 71]. 
Indeed, some reviews have suggested that frailty is asso-
ciated with high levels of glycated hemoglobin [60, 71], 
fibrinogen [39, 71], and low levels of albumin [50, 54, 
71], hemoglobin [50, 54, 71] and circulating insulin-like 
growth factor 1 (IGF-1) [54].

However, several genetic factors have been identified as 
associated with the frailty phenotype and, 13 correlations 
have been identified between serum and genetic mark-
ers [71]. For serum biomarkers, they included: myostatin, 
Klotho and IL-18, which were associated with frailty; vita-
min D, cystatin C, IL-6, TNF-alpha, IL-6R, CRP and IL-1 
βeta were related to frailty associated with cognitive decline; 
and chemokine receptor 2, IL-12p70, and brain-derived 
neurotrophic factor were associated with cognitive decline 
only [71]. In addition, the following genes, specified by their 
"single nucleotide polymorphism", were associated with the 
frailty phenotype: IL-18 rs360722, IL-6 rs1800796, COMT 
(catechol-O-methyltransferase) rs464316, TNF rs1800629 
linked to chromosomes 11, 7, 22, and 6, respectively [71].

As for the association between frailty and telomere 
length, frail older people had shorter telomeres and this 
appears to be ethnic dependent [73].

Relationship level
Living alone [29, 36, 60, 69] and marital status (single or 
widowed) [29, 36] have been identified as risk factors for 
frailty in older adults, based on qualitative and quantita-
tive syntheses. Lower family income [36, 60], abuse [29], 
and spouse’s depression [30] were also cited as having a 
significant positive association with frailty in some sys-
tematic reviews based on a few primary studies. Living 
conditions during childhood, monthly family income and 
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being married appear to be associated with a decreased 
risk of frailty [29]. One systematic review also suggested 
a possible association between pet ownership and a lower 
risk of frailty [52]. Older people taking care of their grand-
children or pets had a 40% lower risk of being frail [52].

Community and society levels
While no societal-level factors were studied, very few 
community-level factors were addressed or identified. It 
was reported that neighborhood conditions [30], rural 
residence [38], and low social support [38] were associ-
ated with higher frailty in older people. Additionally, 
social interaction was mentioned to have an inverse effect 
on frailty in older individuals [29].

An illustrative socio-ecological model of the main factors 
contributing to frailty in older people is provided in Fig. 2.

Certainty of the evidence
A total of 37 relevant factors for older people were 
assessed for certainty of the evidence using the GRADE 
approach. According to 18 systematic reviews with meta-
analyses [28, 36, 38, 40, 41, 47, 51, 53, 55, 56, 58, 61, 62, 
65, 66, 69, 72, 75] and 51 specific evaluations, the cer-
tainty of the evidence was rated as "Very low" or "Low" 
for 15 and 12 factors, respectively. Additionally, seven 
factors were rated as moderate or reached a moder-
ate level of evidence. These include the Dietary Inflam-
matory Index score (OR 1.24, 95% CI 1.16 to 1.33) [55], 

Fig. 2 Socio-ecological model of the main factors associated with frailty in older people
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maximum walking speed (SMD -0.97, 95% CI -1.25 to 
-0.68) [56], self-reported masticatory dysfunction (OR 
1.83, 95% CI 1.55 to 2.18) [53], depression (OR 4.66, 95% 
CI 4.07 to 5.34) [36], loneliness (OR 3.51, 95% CI 2.70 to 
4.56) [51], ADL limitations (OR 2.59, 95% CI 1.71 to 3.48) 
[66], and risk of malnutrition (OR 3.52, 95% CI 2.96 to 
4.17) [36]. For the three remaining factors, adherence to 
a Mediterranean diet showed a "High" level of evidence, 
while the certainty of evidence varied for vitamin D levels 
and diabetes with "Very low" and "Low" ratings.

The main reasons for downgrading the level of evidence 
were inconsistency with significant heterogeneity (31 eval-
uations) and publication bias (20 evaluations). However, 
all plausible residual confounding or bias and large effect 
allowed us to upgrade the level of evidence in 27 and 20 
evaluations, respectively. Details of these assessments are 
provided in the Additional files (Additional file 5).

Discussion
The aim of this umbrella review was to identify factors 
associated with frailty in the older population, using a 
socioecological approach. Several risk factors, protective 
factors and biomarkers were found to be related to frailty, 
especially in community-dwelling older people, with 67 
significant associations from meta-analyses. Individual-
level factors were predominant, followed by relationship 
and community factors, while no society-level factors 
were explored in the included systematic reviews.

Our umbrella review highlighted the wide variability in 
frailty prevalence reported in the literature [3–6, 81, 82]. 
This variability can be attributed to a number of factors, 
including the frailty assessment tool used, differences 
between countries, regions, and study settings, as well as 
age and gender. Frailty increases with age [3, 4, 6], and 
although women are more frail than men [2, 4–6], they 
paradoxically experience a lower mortality rate [83]. Some 
authors have identified biological, behavioral, and social 
hypotheses that could explain sex differences in mortality, 
morbidity, and frailty, and have consequently suggested 
specific interventions for frailty prevention [84].

The majority of our relevant factors for the older popu-
lation showed very low or low levels of evidence, with lit-
tle or limited confidence in the effect estimate. Among 
these factors, co-morbidities, having three or more 
chronic diseases, diabetes, hypertension, and meta-
bolic syndrome were identified as risk factors for frailty 
in older people. All of these conditions lead to multiple 
drug prescriptions and polypharmacy was also identi-
fied as a factor that increases the probability of becoming 
frail in our review. According to a recent overview, medi-
cation reviews can reduce inappropriate use of medica-
tions, but there is insufficient evidence to improve frailty 

[85]. Despite the lack of hindsight, a new and more 
comprehensive model, "the polypharmacy steward-
ship model", has recently been proposed to promote the 
appropriate use of medicines, particularly in frail older 
people with multimorbidity and polymedication [86]. 
This model is based on five stages: patient identification, 
medication review, personalized deprescribing, support 
and engagement with patient-centered intervention, and 
collaboration between all stakeholders.

When considering relevant nutritional, lifestyle, 
behavioral and psychosocial factors, our review has 
identified several factors significantly associated with 
frailty, namely: malnutrition, risk of malnutrition, high 
Dietary Inflammatory Index score, low vitamin D lev-
els, protein intake, fruit and vegetable consumption, 
adherence to Mediterranean diet, abdominal obesity, 
obesity, underweight, sleep parameters, smoking, alco-
hol use, low level of physical exercise, physical fitness 
components, ADL limitations, depression or depressive 
symptoms, cognitive impairment, loneliness, and living 
alone. Of note, some of these factors achieved a moder-
ate certainty of evidence (depression, ADL limitations, 
loneliness, risk of malnutrition, dietary inflammatory 
index score, maximal walking speed), while only greater 
adherence to a Mediterranean diet showed a high level 
of evidence for its protective effect against frailty.

In addition, systematic reviews, mainly based on rand-
omized controlled trials (RCTs) support our findings by 
revealing the benefits of physical activity and nutrition-
based interventions on frailty and its related risk factors 
or components [87–91]. There is moderate certainty of 
evidence that physical activity interventions have signif-
icant effects on mobility, ADL, cognitive function, qual-
ity of life and frailty [87]. Also, interventions based on 
a combined approach, including physical activity and a 
nutritional intervention with protein and vitamin D sup-
plementation, dietary counseling, education or cooking 
classes showed significant effects on physical function, 
mobility and measures of frailty [88]. Another recently 
published overview suggested that diets, physical activ-
ity and digital technologies can also improve loneliness, 
social isolation and frailty among older people [92]. 
Resistance training alone or multi-component exercise 
interventions have been recommended for frail and pre-
frail older persons to improve their muscle strength, 
walking speed, balance, and physical performance [93]. 
The average frequency of exercise reported was two to 
three times a week, for ten to 90 min per session, with 
a total duration of five to 72 weeks, and a minimum of 
2.5 months for the majority [93].

It is important to report that there is limited but 
interesting evidence of the anti-inflammatory effect of 
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physical activity, diet supplementation and the Mediter-
ranean diet, with a reduction in inflammatory biomark-
ers, which may contribute to the effect on frailty [94–96].

According to our findings, self-reported masticatory dys-
function is another relevant factor associated with frailty, 
with moderate certainty of evidence. Poor oral health status 
is associated with the onset of frailty in the older population, 
with nutritional, inflammatory, psychological and neuronal 
mechanisms suggested to explain this relationship [97].

Even with low certainty of evidence, a history of falls is 
also an important factor related to frailty in our review. 
It is one of the major risk factors for falls in older peo-
ple, along with balance and gait disorders, polypharmacy, 
female gender, fear of falling, visual impairment, cogni-
tive decline, depression, and environmental factors [98, 
99]. Among older adults living in the community, multi-
factorial interventions, including exercise, may decrease 
the falls rate [100], and with high certainty of evidence, 
home fall-hazard interventions were also effective in 
reducing falls in high-risk individuals [101].

Strengths and limitations of this umbrella review
To our knowledge, there is no previous umbrella review 
summarizing the evidence from published systematic 
reviews and meta-analyses on factors associated with frailty 
in older persons. Our current review followed the PRISMA 
2020 guidelines and the Joanna Briggs Institute recommen-
dations with a pre-registered protocol on PROSPERO.

A comprehensive search strategy was adopted and all 
details on study selection and data collection were provided. 
The quality and risk of bias assessment of the included sys-
tematic reviews were conducted using two relevant tools. In 
addition, the GRADE approach was used to assess the cer-
tainty of the evidence for outcomes relevant to older people.

However, our review has certain limitations. Some 
of these limitations are common to umbrella reviews, 
namely: the influence of possible errors in the conduct 
of the included systematic reviews or meta-analyses; 
the reliance on syntheses of the results of systematic 
reviews, which are based on the primary studies included 
in these reviews; and the coverage of existing system-
atic reviews, which means that several factors are not 
exploited or have not yet been addressed by systematic 
reviews. Although the quality of the included reviews was 
rated as high or moderate, some reviews had a high risk 
of bias. Furthermore, inconsistency with significant het-
erogeneity and publication bias were the main reasons 
for downgrading the level of certainty of the evidence 
for outcomes relevant to older people. Finally, since the 
included systematic reviews were solely based on obser-
vational studies, only associations, rather than causa-
tions, can be identified.

Implications for practice, policy and future research
Various clinical practice guidelines have focused on the 
identification and management of frailty, providing rec-
ommendations primarily in one or more of the follow-
ing areas: prevention, frailty screening, comprehensive 
assessment, physical activity, nutrition, medication 
management and fall prevention [102–106]. These rec-
ommendations were often based on scientific evidence 
or expert consensus, but some gaps have been identi-
fied. These gaps include a lack of evidence-building and 
detailed strategies for effective implementation and mon-
itoring of these recommendations.

Our umbrella review will help to update these clinical 
practice guidelines and guide health policies and research 
towards the importance of adopting a holistic approach 
that considers all the influences of the different levels of 
the socio-ecological model and also considers the indi-
vidual as a whole with a person-centered approach. There 
is a need to involve older people in the whole process, 
from identifying their needs to studying the feasibility, 
acceptability and cost-effectiveness of the actions.

Existing primary research data on factors associated 
with frailty in older people should be better exploited in 
future systematic reviews and meta-analyses. In addition 
to examining the individual level, future research should 
also consider other relational, community, and societal or 
policy levels. It is important to promote community-based 
research in order to tailor interventions to local specifici-
ties and resources, in collaboration with all stakeholders.

Conclusion
Frailty in older individuals is a dynamic and multifacto-
rial syndrome that requires a holistic approach to its 
prevention and management. Our umbrella review high-
lighted several factors that are associated with frailty, 
particularly in community-dwelling older people. These 
factors seem to interact to either increase or decrease the 
likelihood of the occurrence of frailty. Individual factors 
were predominant, followed by relationship and commu-
nity factors, suggesting the possibility of interventions on 
all modifiable factors at the different levels of influence 
of the socio-ecological model. Currently, lifestyle inter-
ventions based on physical activity and nutrition are the 
most effective in reducing frailty and a number of its risk 
factors or components, while other interventions remain 
promising, particularly those based on digital health and 
innovation.
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