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Purpose: To screen multidimensional frailty in older people, using a comprehensive geriatric assessment (CGA) tool such as the
multidimensional prognostic index (MPI), is a public health priority. Unfortunately, the screening tools available are not able to capture
multidimensional frailty. In this work, we aimed to evaluate in a population of hospitalized and ambulatory older patients, the
agreement between an abbreviated form of the MPI (ie, BRIEF-MPI) and the standard/full version.
Participants and Methods: All participants included in the study completed both versions of the MPI, brief and full, which share
the following domains: 1) basic and 2) instrumental activities of daily living, 3) mobility/risk of pressure sores, 4) cognition, 5)
nutrition, 6) comorbidity, 7) social and 8) number of medications. The agreement between the two instruments was reported using
either the mean comparisons with a t-test matched sample, a simple correlation analysis and the Bland–Altman methodology.
Results: The study sample included 110 participants (mean age=83.2 years, 51.8% women). The mean difference was statistically and
clinically irrelevant (mean difference=0.01±0.10; p=0.27). The correlation between brief and full MPI versions was optimal (R=0.82,
p<0.0001). Using the Bland–Altman methodology, we observed that only three participants over 110 (=2.73%) were outside the limits of
agreement. The accuracy of BRIEF-MPI in predicting multidimensional frailty, as full MPI>0.66, was optimal (area under the
curve=0.92, p<0.0001). A BRIEF-MPI value of 0.59 yielded the highest sensitivity and specificity in predicting multidimensional frailty.
Conclusion: BRIEF-MPI had a good agreement with the full/standard version of the MPI, making this tool as ideal for the screening
of multidimensional frailty in older people.
Keywords: multidimensional prognostic index, screening, frailty, agreement

Introduction
The growing population of aging imposes a broader diffusion of traditional geriatric assessment, also outside the more
classic geriatric settings (ie, geriatric ward, ambulatory activity, nursing home).1 The COVID-19 pandemic further
increased this need, with clinicians often struggling for instruments able to help in the case-finding of older adults more
at risk of negative outcomes.2 To date simple case-finding tools include judgement-based measures such as the Clinical
Frailty Scale (CFS),3 physical performance-based measures such as gait speed,4 the frailty phenotype,5 and question-
naire-based measures such as the PRISMA-76 which, however, unlikely capture the different spectrum of geriatric
disorders and serve as prognostic tools.

These concepts indicate the need to stratify older adults according to their prognosis based upon instrument derived
from Comprehensive Geriatric Assessment (CGA), the gold standard in the evaluation of older adults.7 Several multi-
center studies demonstrated that the multidimensional prognostic index (MPI), a CGA derived tool had excellent
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accuracy and calibration in predicting the clinical outcomes typical of older people, such as hospitalization, institutio-
nalization, need for homecare services and mortality.8,9 Nowadays, the MPI has been validated in over 54,000 older
adults suffering from the most common chronic and acute age-related diseases associated with high mortality in over 50
international studies.10 Unfortunately, in some settings (eg, emergency departments, intensive care units, general
practitioners’ ambulatory, or surgical wards), it could be perceived time-consuming, even if the MPI may require
approximately 15–25 minutes.8

Therefore, it could be useful developing an abbreviated version of MPI that, following the same concept of “multi-
dimensional frailty” and preserving the prognostic accuracy of the original tool, may serve as screening tool to support
individuals who are not trained in CGA to move the assessment and management plan forward.

Given this background, we aimed to evaluate, for the first time, in a population of hospitalized older patients the
agreement between an abbreviated form of the MPI (ie, BRIEF-MPI) and the standard/full version of the MPI.

Participants and Methods
Participants
Participants were consecutively enrolled at two Italian hospitals (Palermo, Genova) and one center enrolling older outpatients
(Catanzaro) participating in the project between 01st and 31st October 2021. As inclusion criteria we used only an age more than
65 years and the capacity to understand the project; we excluded older people who did not want to participate in the project.

This project falls within the aims of the MULTIPLAT-AGE, approved by the Ethical Committee of the Liguria
Region (protocol: 176/2021) on 17 May 2021. The study complies with the Declaration of Helsinki.

Multidimensional Prognostic Index (Full Version)
TheMultidimensional Prognostic Index (MPI) is a prognostic tool based on a standardized CGAwhich allows to predict short-
and long-term mortality and other negative health outcomes11 in older subjects.8 MPI includes eight domains as follows:

1) Activities of daily life (ADL - Activities of Daily Living);12

2) Instrumental activities of daily living (IADL - Instrumental Activities of Daily Living);13

3) Short Portable Mental Status Questionnaire (SPMSQ):14 composed of 10 questions which assessed the patient’s
cognitive status;

4) Exton-Smith Scale (ESS):15 composed of 5 items for assessing the risk of developing pressure sores;
5) Nutritional Assessment (MNA, Mini-Nutritional Assessment) -short form:16 it consists of 6 items to assess the

patient’s nutritional status through three different types of assessments;
6) Cumulative Illness Rating Scale (CIRS):17 consisting of 14 items to describe the pathologies present at the time of

patient recruitment, identifying their severity by calculating the comorbidity and severity index respectively;
7) Number of drugs in use;
8) Cohabitation status.
To each domain is assigned a score corresponding to a risk, ie, low (value of 0), moderate (value of 0.5), and high

(value of 1). The MPI is expressed as a continuous value from 0.0 (lowest risk of mortality) to 1.0 (highest risk of
mortality), identifying three groups at different risk of mortality MPI-1: mild risk (MPI values from 0.0 to 0.33); MPI-2:
moderate risk (MPI values from 0.34 to 0.66); MPI-3: severe risk (MPI values from 0.67 to 1.0).8

The calculation of the final MPI was made through the software application available for free at the https://multiplat-
age.it/index.php/en/tools.

The BRIEF-MPI
To develop the BRIEF-MPI, we selected functional and clinical items available in the full standard MPI according to
a clinical-driven CGA-based assessment of the older subject.

In developing the BRIEF-MPI, we preserved the multidimensional structure of the original version, including the
same domains and the structure, according to the three prognostic categories of the MPI. In detail, we considered: 1) to
avoid repetitions of the items in the different scales (eg, incontinence); 2) gender differences (eg, some IADLs are
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distributed according to gender); 3) to better underline the role of mobility, as we made in the MPI-InChianti study;18 4)
the hierarchy in the progression of loss of functions, particularly for ADLs and IADLs. Finally, to assess the nutritional
status, we included the three cornerstones of the nutritional assessment, ie, body mass index, weight loss, change in food
intake. The other domains, ie comorbidities, number of drugs and co-habitation status, were not modified.

Thus, the abbreviated version of MPI (BRIEF-MPI) explore the same eight domains of the standard/full MPI
preserving the multidimensional concept of frailty assessment, but reducing the evaluation to only 18 the items to
collect, as reported in Supplementary Table 1:

1) Activities of daily life derived from ADL test12 included three items with dichotomous answer (yes/no) to evaluate
the independence in dressing and feeding and self-control over urination and defecation;

2) Instrumental activities of daily living derived from IADL test13 including three items with dichotomous answer
(yes/no) to evaluate the independence in using the telephone, taking medications, and shopping;

3) Cognition evaluated using three items of the SPMSQ14 assessing temporal and personal orientation, and computa-
tion ability;

4) Mobility, based on the Barthel mobility scale, evaluated inquiring about the abilities to transfer from bed to chair or
wheelchair, walking and going up and down the stairs.18 The ability of doing these activities will be categorized as yes (1
point) or no (0 point);

5) Nutritional Assessment assessing with dichotomous answer (yes/no) three items from MNA-short form:16 BMI
(<21 or ≥ 30 kg/m2), loss of appetite in the last three months, and weight loss in the last three months;

6) Comorbidities using the CIRS derived from SELFY-MPI19 and expressed as number of health diseases requiring
drug therapies across 13 health areas;

7) Number of drugs in use as for standard MPI;
8) Cohabitation status as for standard MPI.
Similarly, to the fullMPI, as shown in Supplementary Table 2, to each domainwas assigned a score corresponding to a risk (0,

0.5, or 1) and expressed as a continuous value from 0.0 (lowest risk of mortality) to 1.0 (highest risk of mortality). Appropriate
validated cut-off (ie, 0.33 and 0.66) were used for categorizing BRIEF-MPI in three categories (Supplementary Table 2). The
BRIEF-MPI requires in mean 5 (SD=1.5) minutes for the execution, with a range between 1 to 10 minutes.

Statistical Analysis
Main findings were summarized using means and standard deviation [SD] for continuous variables and absolute numbers
and percentages for categorical variables.

The agreement between the brief and full versions of the MPI was assessed using several approaches, including: 1. Mean
comparisons with a t-test matched sample; 2. Simple correlation analysis; 3. The Bland–Altman (BAP) methodology. The
BAPmethodology provides an objective measure (95% limits of agreement) and a visual representation (plot of the difference
vs the mean of the two measures) of the level of agreement between two different measures.20

The accuracy of BRIEF-MPI in predicting the presence of multidimensional frailty, as a full MPI>0.66, was analyzed
using the area under the curve (AUC). The best point of BRIEF-MPI, in terms of sensitivity and specificity, was then reported.

We reported two-tailed probabilities, and a p-value of 0.05 was adopted to define nominal statistical significance. All
analyses were conducted using the software STATA (version 14.2; StataCorp., College Station, TX) and SPSS 20.0.

Results
Altogether, 110 participants in hospital (Palermo and Genova) and partly in a geriatric ambulatory (Catanzaro), were
enrolled. Only three participants, previously contacted, decided to not participate in the study. The mean age was 83.2
±6.9 years (range: 65–101) and the participants were mainly females (=51.8%), as reported in Table 1. The main causes
of hospitalization in Palermo and Genova’s hospital were heart failure and pneumonia and chronic obstructive pulmonary
disease exacerbation.

The mean MPI value, using the full version, was 0.53±0.18 (range: 0.13 to 0.88) having 10 participants in MPI-1
(=9.1%), 67 in MPI-2 (=60.9%), and 33 in MPI-3 (=30.0%). Table 2 shows the mean difference between full and brief
versions of MPI, including their domains. Overall, the full and the brief versions of the MPI were not significantly
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different (mean difference=0.01±0.10; p=0.27). Among the domains included, ADL (p=0.40) and mobility items
(p=0.16) did not significantly differ between brief and full versions. The linear correlation between full and BRIEF-
MPI was optimal, as shown in Figure 1 (R=0.82, p<0.0001). Finally, using the BAP methodology, we observed that only
three participants over 110 (=2.73%) were outside the limits of agreement (Figure 2).

Table 1 Baseline Characteristics of the Participants Included

Characteristic Values (Mean with SD or Numbers and %)

Center Catanzaro (n=50), outpatients;

Genova (n=35) and Palermo (n=25), inpatients

Main cause of hospitalization (only for Palermo and Genova) Heart failure (n=7), pneumonia and chronic obstructive pulmonary disease exacerbation (n=7).

Mean age 83.2 (6.9)

Females 57 (51.8%)

ADL 3.4 (2.3)

IADL 2.5 (2.3)

SPMSQ 2.8 (2.6)

ESS 14.6 (3.8)

CIRS 3.7 (2.2)

MNA 4.9 (3.6)

Number of medications 7.0 (2.7)

MPI 0.53 (0.18)

Abbreviations: ADL, Activities of Daily Living; CIRS, Cumulative Illness Rating Scale; ESS, Exton-Smith Scale; IADL, Instrumental Activities of Daily Living; MNA-SF, Mini
Nutritional Assessment Short Form; MPI, Multidimensional Prognostic Index; SPMSQ, Short Portable Mental Status Questionnaire; SD, standard deviation.

Table 2 Comparison Between Full and BRIEF Multidimensional Prognostic Index

Mean SD Mean Difference
(Full vs BRIEF)

SD Difference p-value

Domain MPI FULL 0.53 0.17 0.01 0.10 0.27

BRIEF-MPI 0.52 0.16

ADL FULL 0.47 0.42 0.02 0.22 0.40

ADL BRIEF 0.45 0.43

IADL FULL 0.82 0.32 0.07 0.27 0.008

IADL BRIEF 0.75 0.36

CIRS FULL 0.79 0.26 −0.08 0.30 0.007

CIRS BRIEF 0.87 0.23

ESS FULL 0.30 0.35 −0.07 0.54 0.16

MOB BRIEF 0.37 0.41

MNA FULL 0.84 0.27 0.15 0.31 <0.0001

MNA BRIEF 0.69 0.41

Abbreviations: ADL, Activities of Daily Living; CIRS, Cumulative Illness Rating Scale; IADL, Instrumental Activities of Daily Living; MNA-SF, Mini Nutritional Assessment
Short Form; MPI, Multidimensional Prognostic Index; SPMSQ, Short Portable Mental Status Questionnaire; SD, standard deviation.
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Figure 1 Linear correlation between full and BRIEF Multidimensional Prognostic Index.

Figure 2 Bland–Altman plot for the agreement between BRIEF and full Multidimensional Prognostic Index.
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Figure 3 shows the accuracy of BRIEF-MPI in predicting multidimensional frailty, as full MPI>0.66. The area under
the curve was 0.92 (p<0.0001) indicating an optimal accuracy and a value of BRIEF-MPI of 0.59 had a sensitivity in
identifying multidimensional frailty was 82% and a specificity of 88%.

Discussion
In this work, including 110 older in and outpatients, we found that the abbreviated form of the MPI, ie, BRIEF-MPI, had
a good agreement with the standard/full version. Using the Bland-Altman plot, we found that only a very small part of
older people felt outside the limits of agreement and that the accuracy of BRIEF-MPI in predicting multidimensional
frailty was therefore optimal. Altogether, these findings indicate that an abbreviated version of the MPI can be used as
a screening tool in settings in which time is limited.

The instruments for the screening frailty are several but limited to the identification of physical frailty or as frailty
defined as accumulation of health deficits. For the identification of physical frailty, for example, the FRAIL scale is based
on five simple questions predicting the presence of frailty according to the frailty phenotype.21 Similarly, the CFS can be
used as a screening tool for detecting frailty in older people even if, unfortunately, during COVID-19 this screening tool
was used as a diagnostic tool22 while CFS is not able to capture the different spectrum of geriatric problems and the
complexity of older person.23 In an interesting new study of 100 Danish older people,23 CFS and MPI showed a fair and
equal efficiency to predict 90-day mortality, but these two tools can have different roles in geriatric assessment: CFS may
be more appropriately used in the ED screening patients for frailty,24 whilst MPI can be recommended to better
understand the complex physical and mental health needs in older patients, particularly for the clinical decision making.23

With the current work, we tried to formulate an abbreviated form of the MPI in order to give an easy screening tool
for detecting multidimensional frailty, a condition that is highly present in older people25 and it is associated with several
negative outcomes in older individuals.26 Of importance, multidimensional frailty seems to be more accurate than
physical frailty in predicting mortality both in hospital27 and in community-dwelling settings.28 Therefore, our current
work can further highlight the importance of having a specific tool for quickly identifying older individuals that can be
considered frail using a CGA derived tool. In particular, a BRIEF-MPI more than 0.59 identifies with a good accuracy
and with good specificity/sensitivity, older people that could be frail from a multidimensional point of view and then
needing a CGA evaluation of their needs and problems.

Figure 3 Accuracy of BRIEF Multidimensional Prognostic Index in predicting the presence of frailty using full Multidimensional Prognostic Index.
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Finally, we found an important difference in the completion time between the full and the brief version of the MPI.
The standard MPI, in fact, may require 15–25 minutes,8 whilst the BRIEF-MPI only five minutes, making the BRIEF-
MPI ideal for the screening of frailty in older people, across different settings.

The findings of this study must be interpreted within its limitations. First, the cohort enrolled was relatively small,
consisting of 110 included participants. However, we plan to use in bigger samples and in different contexts in which
geriatric patients are present. Moreover, the population included was quite frail, since only 10/110 of patients were
categorized as MPI 1, probably explaining the lower agreement observed in MPI 1 category and probably indicating the
presence of a proportional bias in our findings. These considerations further stress the need to further validate the BRIEF-
MPI not only in different settings, bur also in a less frail population. Second, some domains are significantly different
between full and brief version of the MPI: in particular, the IADL and MNA seem to be underestimated by the BRIEF-
MPI, whereas the CIRS seems to be overestimated by the BRIEF MPI, compared to the full version, finally suggesting
that more research is needed. Finally, the majority of the people was included from hospital setting, whilst the application
of BRIEF-MPI could be more useful in other settings such as emergency department or primary care.

Conclusion
BRIEF-MPI had a good agreement with the full/standard version of the MPI, making this tool as ideal for the screening
of multidimensional frailty in older people. Further studies are needed to verify the validity of BRIEF-MPI in other
settings in which the geriatrician is currently involved.

Disclosure
The authors report no conflicts of interest in this work.
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