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Multidimensional frailty as a predictor
of mortality among older adults: a systematic
review and meta-analysis
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Abstract

Objective This systematic review examined studies that assessed the relationship between mortality risk and
multidimensional frailty. The pooled risk of mortality was estimated via a meta-analysis.

Design A systematic review and meta-analysis.

Methods A systematic search for potentially eligible literature was conducted on January 2, 2023, using five
electronic databases: Web of Science, CINAHL, PubMed, the Cochrane Library and Embase. This review included
cohort or longitudinal studies examining the association between multidimensional frailty/prefrailty and mortality in
older adults. The quality of the included studies was evaluated via the Quality in Prognosis Studies (QUIPS) tool. Two
independent researchers identified eligible studies and extracted the data. The data analyses were performed via
STATA, version 15.0.

Results A total of 24 studies with 34,664 participants were included. The 24 studies were published between 2012
and 2022, with most studies being performed in Italy (n=16). The sample sizes of the included studies ranged from
7110 12,020. Most included studies were conducted in hospital settings. The QUIPS bias assessment results showed
that the most frequent source of potential bias was study confounding. The meta-analysis results showed that
multidimensional frailty was a significant predictor of mortality (HR=5.48, 95% Cl=3.91-7.67, p<0.001). In addition,
multidimensional prefrailty was also a significant predictor of mortality (HR=2.56, 95% Cl=2.17-3.02, p<0.001). The
results of the meta-analysis using the ORs revealed that multidimensional frailty was a risk factor for mortality in older
people (OR=4.59, 95% Cl=2.47-8.55,p<0.05).

Conclusions and implications This systematic review of the relationship between multidimensional frailty and
mortality found that multidimensional frailty/prefrailty is a predictor of mortality. More studies should be conducted
in community dwelling populations and nursing homes.
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Introduction

Frailty is a condition distinguished by a noticeable
decline in various forms of physiological functioning
coupled with increased susceptibility to external stressors
[1]. Numerous studies have identified frailty as a consid-
erable health threat among older adults. Frailty is inde-
pendently correlated with severe health outcomes such
as disability, cognitive impairment and mortality [2-5].
Despite its significance, there remains an ongoing debate
in the medical community regarding the assessment of
frailty. As the research landscape evolved, a ground-
breaking multidimensional model was introduced by Fer-
rucci and colleagues [6]. This innovative model considers
frailty to be a disintegration of synergy across multiple
dimensions, such as genetic components, biological pro-
cesses, functional capabilities, cognitive aspects, psycho-
logical factors, and socioeconomic influences. This lack
of harmony pushes individuals into an unstable state of
equilibrium [6]. Within this paradigm, frailty is evalu-
ated via a comprehensive geriatric assessment (CGA).
The instrument that has emerged from this approach is
the Multidimensional Prognostic Index (MPI), which was
developed by Pilotto and his team in 2008 [7]. The MPI
offers a holistic perspective and encompasses eight vital
domains, including daily living activities, cognitive func-
tions, and more. Scores on the MPI range from 0 to 1,
with distinct categorizations indicating varying risk lev-
els. Specifically, values below 0.33 indicate lower risk,
values between 0.34 and 0.66 indicate moderate risk, and
values exceeding 0.66 indicate high frailty risk [8—10].The
MPI meticulously integrates a multitude of factors, span-
ning biological, psychological, and social domains, to
provide a holistic evaluation of the patient.

The MPI is considered a predictive tool based on a
CGA and is capable of extracting information from the
standard CGA to categorize frailty into three subgroups,
offering excellent prognostic value in identifying frailty
[6]. A systematic review undertaken by Veronese et al.
elucidated the prevalence of multidimensional frailty, as
characterized by the MPI, across various settings. The
findings revealed that within hospitals, communities, and
nursing homes, the prevalence rates of frailty were 29.8%,
51.5%, and 13.3%, respectively [8]. These data underscore
that multidimensional frailty is a widespread concern
among older people. Originally, the MPI was developed
with the primary goal of predicting mortality among
senior patients admitted to hospitals [7]. However, its
applicability has expanded over time. This predictive
tool has been widely used in a range of clinical scenar-
ios [10-13] and in older adults living in community [14]
or institutional care environments [15]. This tool has
demonstrated excellent calibration, reproducibility, and
accuracy in predicting short- and long-term mortality
in multiple cohorts of older patients [13, 15-17]. Cella
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et al. found that multidimensional frailty assessed by the
MPI was significantly more accurate than physical frailty
assessed by the Fried frailty phenotype (FP) in predicting
mortality [14]. In addition, the MPI showed significantly
greater discriminatory accuracy than the frailty index in
predicting one-month mortality and one-year mortality,
which demonstrated that the concept of multidimen-
sional frailty might have greater predictive power for the
mortality of older inpatients [18]. The efficacy of the MPI
is further corroborated by its robust validity, feasibility,
and reliability, making it an indispensable instrument not
only for gauging prognosis risk but also for formulating
individualized therapeutic strategies [19].

Current systematic reviews exploring the relationship
between frailty and mortality have focused mainly on the
frailty phenotype and frailty index, and the results have
shown that these tools have a significant ability to predict
mortality risk [2, 20]. Although many studies have indi-
cated that older adults exhibiting signs of multidimen-
sional frailty are at a significantly greater risk of mortality
than their healthy peers are, some studies have shown
that multidimensional prefrailty is not a significant pre-
dictor of mortality [13, 21]. There is a lack of systematic
reviews that specifically focus on elucidating the rela-
tionship between multidimensional frailty/prefrailty and
mortality. Therefore, the aim of this systematic review is
to identify studies that examine the mortality risk asso-
ciated with multidimensional frailty/prefrailty and to
estimate the pooled risk of mortality by conducting a
meta-analysis.

Methods

Design

This systematic review was performed in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA 2020) guidelines
[22] and was prospectively registered on the PROSPERO
website (International Prospective Register of Systematic
Reviews) with the number CRD42023443130.

Search methods

The Web of Science, CINAHL, PubMed, Cochrane
Library and Embase electronic databases were system-
atically searched on 2 January 2023 to identify potentially
eligible literature. In addition, the reference lists were
manually searched to identify eligible studies. The search
terms were developed with subject terms and free terms,
including “multidimensional prognostic index’, “multidi-
mensional frailty’, “aged’, “elder*’; “older*’] “geriatric*’ etc.
Appendix 1 shows the details of the search strategy.

Study selection
Two independent researchers identified eligible stud-
ies on basis of the inclusion and exclusion criteria. The
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inclusion criteria were as follows: (1) The participants
were over 60 years old. (2) Multidimensional frailty
was diagnosed with the MPI. Multidimensional frailty
is generally divided into three categories: robust (MPI
value<0.33, MPI-1 low risk), prefrailty (0.34<MPI
value<0.66, MPI-2 moderate risk) and frailty (MPI
value>0.66, MPI-3 severe risk). (3) The study was
designed as a prospective cohort study or longitudinal
study. (4) Mortality risk data for frailty (MPI-3) or pre-
frailty (MPI-2) were reported as the hazard ratio (HR),
odds ratio (OR), or relative risk (RR). (5) For multiple
studies from the same cohort, the study with the largest
sample size was selected. The exclusion criteria were as
follows: (1) studies written in languages other than Eng-
lish; (2) the full paper was not available; (3) the study did
not include sufficient data; and (4) conference abstracts,
editorials, protocols, or comments. A third researcher
resolved disagreements and made the final decision.

Data extraction

Two independent researchers extracted relevant data
for the included studies via a standardized Excel spread-
sheet. These data included the first author, year, country/
region, sample size, percentage of females, mean age, set-
ting, MPI categories, risk estimate HR/RR/OR (95% CI),
adjusted variables and follow-up period.

Quality appraisal

Two independent reviewers assessed the methodological
quality of the included studies using the Quality in Prog-
nosis Studies (QUIPS) tool [23]. The QUIPS is divided
into six domains: study participation, attrition, prognos-
tic factor and outcome measurement, study confound-
ing and statistical analysis and reporting. Each domain is
classified as having a low, moderate, or high risk of bias.
On the basis of a previous study [24], if a study has a low
risk of bias in five or more of the QUIPS domains or a
moderate risk in only two domains, it is categorized as
possessing an overall low risk of bias. If these criteria are
not met, the study is classified as having a high overall
risk of bias.

Data Analysis

The data analyses were performed with STATA, version
15.0, and all analyses were considered statistically signifi-
cant when the p value was <0.05.

The pooled HRs, ORs or RRs of mortality along with
the 95% confidence intervals (ClIs) were analysed via
a random effects or fixed effects model. The choice
between the random effects or fixed effects model
depended on the magnitude of heterogeneity. If the
statistic was 250%, a random effects model was used for
meta-analysis; otherwise, a fixed effects model was used
[25]. Egger’s test was performed to assess publication
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bias. To explore potential sources of heterogeneity, we
performed sensitivity and subgroup analyses. The studies
were divided into different subgroups to explore poten-
tial sources of heterogeneity. Subgroup analyses were
conducted on the basis of the different settings (hospital,
intermediate care facility/nursing home versus commu-
nity dwelling), different follow-up durations (in-hospital
mortality, less than 1 year, 1 year versus more than 1
year), different system diseases (all systems, nervous
system, gastrointestinal system, respiratory system, car-
diovascular system versus urinary system) and different
models of multidimensional frailty (prefrailty and frailty,
frailty versus prefrailty).

Results

Study selection

The process of study selection is shown in Fig. 1. A total
of 1,053 records were identified, and 445 were duplicates.
After the initial screening, 66 studies remained for full-
text review. Among them, 24 studies were ultimately eli-
gible for the systematic review [13-17, 21, 26—43].

Study characteristics

Table 1 presents the main characteristics of the included
studies. The 24 studies were published between 2012 and
2022, with most studies being performed in Italy (n=16).
The sample sizes of the included studies ranged from 71
to 12,020, with a total sample size of 34,664. The propor-
tion of females in the studies ranged from 42 to 70.4%.
Nineteen studies were conducted in hospitals, three
were conducted in the community, and two were con-
ducted in nursing homes. Most studies (#=21) reported
the adjusted HRs and 95% Cls for mortality, with robust
participants used as a reference. Three studies reported
the adjusted OR for mortality, and one study reported the
adjusted RR. Four studies reported in-hospital mortal-
ity, and the follow-up period of the other studies ranged
from 1 month to 5 years.

Methodological quality

The 24 studies were evaluated for methodological quality.
The details of the methodological quality assessment are
shown in Appendix 2. The QUIPS bias assessment results
revealed that 23 studies had a low risk of bias and one
study had a high risk of bias. The most frequent source of
potential bias was study confounding, followed by study
participation. All of ten studies were classified as having a
moderate risk in the study confounding domain because
these studies were insufficient to adjust for important
confounders in their multivariate models.
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Fig. 1 Flow diagram of literature search

Meta-analysis findings

Meta-analysis of MPI-3 severe risk (multidimensional frailty)
Twenty-one studies reported the HRs of mortality for
older people in the MPI-3 group. A random effects model
was used (I’=96.5%), and the results revealed that multi-
dimensional frailty was a significant predictor of mortal-
ity (HR=5.48, 95% CI=3.91-7.67, p<0.001) (Fig. 2).
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Meta-analysis of MPI-2 moderate risk (multidimensional
prefrailty)

Nineteen studies reported the HRs of mortality for older
people in the MPI-2 group. A random effects model was
used (P=85.5%), and the results revealed that multidi-
mensional prefrailty was a significant predictor of mor-
tality (HR=2.56, 95% CI=2.17-3.02, p<0.001) (Fig. 3).
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Table 1 (continued)

Follow-up
period

Risk estimate HR/RR/ Adjusted variable
OR

MPI categories

Sample size/ Mean age/ Setting

Female %
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First Author, Year
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n
L < <
= B, F=] =]
5§ 6 & 5 6 3 o
4] 9] 9]
e £ X S E X E
O — —_— - = -
~ ~
0
0 <
N O O — N o b g
N AN o ¥ S
[ T N N
[ = S R A R I
Mm O 1 O O N S O
n o~ 0NN X9
— Y N — <t n — —
T a8 T2 C
O — 1N OV O O O un
0V MmN NSO
M = n = 1n N N

HR
HR
HR
HR
HR
HR
HR
HR

== = ==
= £ = = £
CI N N N G ]
L N =
O O C A C O I C I O
a o w o W ow o o

MP
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Hospital
Hospital

80.5+6.8
79.8+7.8

1198/55.5%
2033/57%

[taly
Italy

Pilotto et al., [42]
Pilotto et al,, [43]

Abbreviations MPI, Multidimensional Prognostic Index; GPS, Glasgow Prognostic Score; NYHA, New York Heart Association; HR: hazard ratio; OR, odds ratio; RR, relative risk; 95% Cl: 95% confidence interval

Note /

data unavailable
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Meta-analysis of the studies reporting the ORs

Three studies reported the ORs of all-cause mortal-
ity. A random effects model was used (*=73.9%), and
the results revealed that multidimensional frailty was a
risk factor for mortality in older people (OR=4.59, 95%
CI=2.47-8.55, p<0.05) (Fig. 4).

Sensitivity and subgroup analyses

Sensitivity analyses were performed to assess the impact
of studies providing HRs of mortality for both multidi-
mensional frailty and prefrailty. The objective of these
analyses was to determine whether there were statisti-
cally significant differences between the combined effect
value and the overall combined value. The results of these
analyses did not reveal any significant disparities, indi-
cating that the combined effect values adequately repre-
sented the overall findings.

Subgroup analyses of MPI-3 severe risk (multidimensional
frailty)

When the risk of mortality across different settings was
examined, the data showed variations. Specifically, the
nursing homes group presented the lowest risk of mor-
tality, with an HR of 3.38 (95% CI=1.05-10.86, p<0.05)
(Appendix 3). Additionally, when considering differ-
ent follow-up durations, the subgroup with a follow-up
period of more than one year had the lowest mortality
risk, with an HR of 4.32 (95% CI=2.69-6.93, p<0.001)
(Appendix 4). When different systemic diseases were
considered, the cardiovascular system subgroup had
the lowest mortality risk (HR=3.35, 95% CI=2.55-4.40,
»<0.001) (Appendix 5).

Subgroup analyses of MPI-2 moderate risk
(multidimensional prefrailty)

Furthermore, disparities in mortality risk were observed
across different settings. Notably, the community group
presented the highest risk (HR=3.02, 95% CI=2.22-4.12,
»<0.001) (Appendix 6). Moreover, when considering dif-
ferent follow-up durations, the subgroup with a follow-
up period of more than one year had the lowest mortality
risk (HR=2.17, 95% CI=1.80-2.60, p=0.113) (Appendix
7). When different systemic diseases were considered,
the cardiovascular system subgroup had the highest
mortality risk (HR=6.91, 95% CI=2.36-20.22, p<0.001)
(Appendix 8).

Subgroup analyses of the studies reporting the ORs

Different models of multidimensional frailty were also
assessed in the studies that reported the ORs. Interest-
ingly, the multidimensional prefrailty group presented
the lowest risk of mortality, with an OR of 2.66 (95%
CI=1.87-3.78, p=0.537) (Appendix 9). These findings
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Fig. 2 Forest plot of the association between multidimensional frailty and mortality measure. Note: HR: hazard ratio; 95% Cl: 95% confidence interval; a:

development cohort; b: validation cohort

provide valuable insights into the relationships between
different dimensions of frailty and mortality outcomes.

Publication bias

Publication bias analysis was performed via Egger’s test.
The results of Egger’s test (p=0.436) indicated that there
was no significant publication bias for the studies report-
ing the HRs of mortality for older people in the MPI-3
group. With respect to the studies reporting the HRs of
mortality for older people in the MPI-2 group, the results
of Egger’s test (p=0.526) revealed that there was also no

significant publication bias. Owing to the limited num-
ber of studies that reported ORs for mortality, we did not
assess publication bias for this subgroup.

Discussion

This systematic review included an exhaustive examina-
tion of 24 studies that reported the association between
multidimensional frailty and the risk of mortality. The
MPI has been widely used to predict mortality in vari-
ous settings, such as hospitals, communities, and nurs-
ing homes. The subjects included patients with acute or
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Fig. 3 Forest plot of the association between multidimensional prefrailty and mortality measure. Note: HR: hazard ratio; 95% Cl: 95% confidence interval;

a, development cohort; b, validation cohort

chronic diseases (cardiovascular diseases [37], COVID-
19 [26], cancer [32], dementia [36] and chronic kidney
disease [42]), intensive care unit (ICU) patients [13],
emergency room patients [28] and older individuals in
the community or nursing homes [15, 39]. The included
studies meticulously measured this association through
metrics such as hazard ratios (HRs) or odds ratios (ORs).
The meta-analysis indicated that, multidimensional
frailty or prefrailty was a significant predictor of mor-
tality. In addition, subgroup analyses based on different
settings revealed that the community group presented
the highest risk of mortality. When considering differ-
ent follow-up durations, the subgroup with a follow-up
period of more than one year had the lowest mortality

risk. Moreover, different systemic diseases affected the
risk of mortality.

A systematic review by Chang et al. explored the rela-
tionship between physical frailty assessed by the Fried
frailty phenotype (FP) and mortality, and they reported
that the pooled HRs of mortality for frail and prefrail
older people were 2.00 and 1.335, respectively [20].
Another systematic review investigated the risk of mor-
tality for frailty, defined by the frailty index (FI), and the
results indicated a significant association between higher
FI scores and a higher risk of mortality (pooled HR per
0.1 FI increase=1.282) [2]. Our meta-analysis findings
unequivocally revealed that older individuals with mul-
tidimensional frailty or prefrailty have a significantly
greater risk of mortality than older adults without frailty
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Fig.4 Forest plot of the association between multidimensional frailty and mortality measured by odds ratio (OR). Note: 95% Cl: 95% confidence interval;

a: multidimensional frailty; b: multidimensional prefrailty

(HR=5.48 and HR=2.56, respectively). These findings
emphasize the importance of recognizing and address-
ing multidimensional frailty in the older population and
underscore the importance of implementing interven-
tions to mitigate the impact of multidimensional frailty
and improve health outcomes in older adults.

Drawing from our current understanding, we can
postulate several potential factors contributing to the
connection between multidimensional frailty and a
heightened risk of mortality. First, the Multidimensional
Prognostic Index (MPI) is a tool derived from a com-
prehensive geriatric assessment and incorporates mul-
tiple relevant factors, such as physical function, cognitive
function, and social function, as evaluation indicators,
accounting for an individual’s health status and disease
conditions [6]. By comprehensively assessing different
factors, it is possible to provide a more accurate predic-
tion of mortality risk for individuals [9, 11]. Second, the
multidimensional frailty of older people is often associ-
ated with a decline in various physiological systems,
including the cardiovascular [44], respiratory [45], mus-
culoskeletal [46], and immune systems [47]. This decline
in physiological function could increase the risk of mor-
tality. Third, the assessment of multidimensional frailty
accounts for comorbidity factors, which means that
older adults with comorbidities are more likely to have
an increased risk of developing multidimensional frailty.
Comorbidities, such as cardiovascular disease, increase
the risk of mortality [48]. Fourth, individuals with

multidimensional frailty usually have lower resilience,
which may result in individuals being more susceptible to
adverse health events, leading to a higher risk of mortal-
ity [49]. Fifth, multidimensional frailty is also associated
with a decline in cognitive function and physical func-
tion. These cognitive deficits may result in difficulties in
effective self-management, adhering to treatment plans,
and engaging in preventive behaviors, thereby increasing
the risk of mortality [50]. A decline in physical function
can result in limitations in mobility and balance, leading
to an increased risk of falls and ultimately resulting in
death [51]. Finally, social factors can also be contributing
factors. Loneliness and social isolation are risk factors for
frailty [52, 53], which might increase the risk of death in
individuals with multidimensional frailty.

Further investigation through subgroup analyses
revealed a noteworthy revelation—older adults with mul-
tidimensional frailty in the nursing homes group pre-
sented the lowest mortality risk. This might be because
nursing homes often offer specialized treatments and
close monitoring for older patients [15]. A scoping review
by Sezgin et al. revealed that intermediate care had posi-
tive effects on reducing short- and long-term hospital
re-admissions and improving ADL function [54], which
might contribute to reducing the risk of mortality. More-
over, the lower mortality risk could also reflect selection
bias, where individuals who enter these facilities may
already be in a relatively better health status. The subjects
from the hospital studies included older patients with
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acute or severe diseases [21, 27, 41], who may already
be in the severe stages of disease or who are experienc-
ing acute illness, thereby increasing their risk of mortal-
ity. However, it is essential to note that this observation
is founded on a somewhat limited dataset, as only two
studies have directly examined the nexus between mul-
tidimensional frailty and mortality within the context of
older adults residing in nursing homes [15, 26]. There-
fore, more research should be conducted in this field.

Additionally, we found that the risk of short-term
mortality (in-hospital mortality or less than one year of
follow-up) was greater among older adults with mul-
tidimensional frailty or multidimensional prefrailty
than long-term mortality. A cohort study conducted by
Hansen et al. revealed that 90-day mortality had higher
hazard ratios (HR=18.50) than did long-term mortality
(HR=7.10) [30]. Zanettil et al. investigated data from
529 medical patients and reported that the hazard ratio
(HR=4.152) for 60-day mortality was greater than that
for 1-year mortality (HR=2.986) [16]. Our findings were
consistent with those of previous studies. These findings
indicate that the MPI has high accuracy and predictive
ability for forecasting short-term mortality [2, 9, 27]. This
may be because long-term mortality is influenced by a
variety of chronic and clinical factors [16], which means
that the accurate prediction of long-term mortality needs
to consider more potential variables and complex inter-
actions. Moreover, some studies included in our review
focused on acutely hospitalized patients. Owing to the
urgent and serious nature of their medical conditions,
hospitalized patients may have a greater risk of short-
term mortality [16, 18, 41].

In general, this systematic review has several strengths.
First, we provide a comprehensive synthesis of evidence
on multidimensional frailty and mortality. We con-
ducted a comprehensive and systematic search of elec-
tronic databases to minimize selection bias and provide
a more complete overview of the available evidence.
Additionally, we employed rigorous methods for study
selection, data extraction, and quality assessment. Sub-
group and sensitivity analyses were conducted to explore
the sources of heterogeneity. These factors collectively
enhance the rigor and reliability of our study, increasing
confidence in the scientific validity and credibility of our
findings.

However, several limitations of this study that should
be acknowledged. First, there was significant hetero-
geneity in the studies, possibly due to the diverse envi-
ronments in which the research was conducted. There
was a lack of studies conducted in community and care
facilities, which may have affected on the results. While
numerous studies have been conducted in hospital
environments, the patients in these studies exhibited
a wide range of disease types. Owing to limitations in
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the number of studies available, we were unable to per-
form subgroup analyses on the basis of specific disease
types. Second, in terms of the search strategy, our search
terms did not utilize Emtree in the Embase search strat-
egy, Medical Subject Headings (MeSH) in the Cochrane
Library search strategy, or CINAHL Subject Headings
in the CINAHL search strategy. Third, while most stud-
ies adjusted for confounding factors, each study had dif-
ferent confounding factors that were considered. These
varying confounders may have had an impact on the
results of the study. Finally, the follow-up durations of the
studies were not consistent, with some studies having rel-
atively short follow-up periods. This variation in follow-
up time may have resulted in an underestimation of the
outcomes of the study.

Hence, future studies should provide the HR or OR
of mortality in community and care facilities, and
respondents should be followed up for a longer period.
Additionally, more research is needed to elucidate the
mechanisms underlying the relationship between multi-
dimensional frailty and mortality.

Conclusions

The systematic review of the relationship between
multidimensional frailty and mortality revealed that
multidimensional frailty/prefrailty is a predictor of mor-
tality, which has prognostic value and can guide treat-
ment decisions.

Relevance to clinical practice

The MPI is a reliable prognostic indicator for mortality
in various populations and could be used to guide nurs-
ing decisions and identify individuals at risk of adverse
outcomes. However, importantly, many of the studies
included in this review were conducted in hospital set-
tings and focused on specific patient populations. Fur-
ther research is needed to evaluate the utility of the MPI
in different environments and populations as well as to
explore its potential applications in clinical practice.
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