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Abstract

Background: Multidimensional Prognostic Index (MPI) is recognized as a prognostic tool in hospitalized patients, but data on the value of
MPI in community-dwelling older persons are limited. Using data from a representative cohort of community-dwelling persons, we tested the
hypothesis that MPI explains mortality during 15 years of follow-up.

Methods: A standardized comprehensive geriatric assessment was used to calculate the MPI and to categorize participants in low-, moderate-,
and high-risk classes. The results were reported as hazard ratios (HRs) and the accuracy was evaluated with the area under the curve (AUC),
with 95% confidence intervals (CIs) and the C-index. We also reported the median survival time by standard age groups.

Results: All 1453 participants (mean age 68.9 years, women = 55.8%) enrolled in the INCHIANTI study at baseline were included. Compared
to low-risk group, participants in moderate (HR = 2.10; 95% CI: 1.73-2.55) and high-risk MPI group (HR = 4.94; 95% CI: 3.91-6.24) had
significantly higher mortality risk. The C-index of the model containing age, sex, and MPI was 82.1, indicating a very good accuracy of this
model in explaining mortality. Additionally, the time-dependent AUC indicated that the accuracy of the model incorporating MPI to age and
sex was excellent (>85.0) during the whole follow-up period. Compared to participants in the low-risk MPI group across different age groups,
those in moderate- and high-risk groups survived 2.9-7.0 years less and 4.3-8.9 years less, respectively.

Conclusions: In community-dwelling individuals, higher MPI values are associated with higher risk of all-cause mortality with a dose-response
effect.
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In geriatric medicine, increasing attention is given to the develop-
ment of tools that can explain mortality or other adverse health
outcomes. Information provided by these tools can greatly help in
clinical decision making on alternative therapeutics choices, particu-
larly in frail older persons (1). A limited number of prognostic tools
for geriatric patients meet the requirements of accuracy and calibra-
tion required to be used in clinical practice (2,3).

The Comprehensive Geriatric Assessment (CGA) that ex-
plores multiple domains of health is generally considered an
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effective tool to stratify the prognosis of older patients (4). The
Multidimensional Prognostic Index (MPI) is a product of the
CGA, which uses a mathematic algorithm including information
about 8 domains: functional status as assessed by basal and in-
strumental activities of daily living (IADL), cognitive status, nu-
tritional status, mobility, multi-morbidity, polypharmacy, and
cohabitation status (5,6). Multidimensional Prognostic Index is
generally considered a well-calibrated tool with good discrimin-
ation accuracy for both short- and long-term mortality and other
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adverse health outcomes (7,8). Multidimensional Prognostic Index
is derived from information on health, functional, cognitive, and
nutritional domains, as well as cohabitation status, using stand-
ardized and extensively validated rating assessment tools that are
often well known and routinely used by clinicians (3). There is
strong evidence that the MPI explains mortality in hospitalized
older patients (7-15). There is also some initial evidence that the
MPI provides information on the risk of new hospitalization, days
spent in the hospital, and the risk of mortality in community-
dwelling older persons (16). However, the value of the MPI has
not been tested in a cohort representative of the general popula-
tion with adequate follow-up.

Here, we tested the hypothesis that the MPI explains mortality
in the community-dwelling older persons who participated in the
“Invecchiare in Chianti” (ie, Aging in the Chianti area; InCHIANTT)
study, a population-based cohort study of adults conducted in 2 mu-
nicipalities of Tuscany, Italy. INCHIANTI is the ideal setting for this
analysis because it was conducted in a representative population,
with a high response rate and collected all the data required for the
calculation of the MPI (17,18).

Given this background, the aim of this study was to evaluate
whether the implementation of the CGA-based MPI in the
InCHIANTI study setting could be useful to identify different mor-
tality risk groups of people during 15 years of follow-up.

Materials and Methods

Study Sample

The InCHIANTI study is an ongoing prospective population-based
cohort study among adults (age range 20-102 years) living in
Tuscany, Italy. In 1998, participants were randomly selected from
the population living in the 2 municipalities of Greve in Chianti and
Bagno a Ripoli. The data collection included a home interview and
clinical measurements at the study clinic. Other details on the sam-
pling and design of INCHIANTI have been published in previous
work (19), and they are available at http:/inchiantistudy.net/wp/
lo-studio/.

Briefly, for the aims of this work, we considered as baseline
evaluation made in 1998-2000 a total of 1453 participants,
with 1155 (79.5%) aging more than 65 years. Follow-up meas-
urements were then conducted every 3 years. At the last evalu-
ation, 900 participants were included, but it was possible to
evaluate the MPI only for 877 participants due to the presence
of missing data.

The InCHIANTI study was approved by the ethical committee
of the Italian National Institute of Research and Care on Aging. All
study participants provided written informed consent.

Multidimensional Prognostic Index
The MPI was calculated as established in previous studies (6), with

some minor modification based on available information in the
InCHIANTI study (Supplementary Table 1):

1. Functional status was evaluated by Activities of Daily Living
(ADL) index (20), which defines the level of dependence/inde-
pendence in 6 daily personal care activities (bathing, toileting,
feeding, dressing, urine and bowel continence, and transferring
[in and out of bed or chair]).

2. Independence in the IADL (21), which assesses independence in
8 activities that are more cognitively and physically demanding

than ADL, that is, managing finances, using the telephone, taking
medications, shopping, using transportation, preparing meals,
doing housework, and washing.

3. Cognitive status through the Mini-Mental State Examination
(MMSE) (22), a 30-item questionnaire investigating different do-
mains of cognition.

4. Comorbidity was examined using the Charlson Comorbidity
Index (23).

5. Nutritional status was investigated with the Mini Nutritional As-
sessment—short form (24).

6. Participant’s level of mobility, assessed as the ability to get in and
out of bed/chair, walk, and go up and down the stairs. The ability
to do these activities was categorized as yes (1 point) or no (0
point).

7. The number of medications regularly taken by the participant.

8. The cohabitation status was assessed by a questionnaire and
coded as, that is, living alone, living in a residential facility, or
living with a family member.

For each domain, a tripartite hierarchy was used, with a score of 0
indicating no problems, 0.5 minor problems, and 1.0 major prob-
lems. This scoring is based on the literature for the specific instru-
ment. The optimal location of cutoff points was determined using an
optimization algorithm in which the optimal points were defined as
the ones with the most significant (likelihood ratio test or log-rank
test) split, that is, the ones that maximize the difference among the
groups respect to their mean survival probability (25). The sum of
these 8 domains was then divided by 8 in order to obtain a final
MPI-InCHIANTI risk score, ranging from 0 (no risk) to 1 (high
risk). Moreover, as for the individual covariates that explore each
domain, also MPI-InCHIANTI was categorized into 3 different risk
groups: MPI-1 low risk 0.00-0.25, MPI-2 moderate risk 0.26-0.50,
and MPI-3 severe risk 0.51-1.00.

Vital Status
Vital status, date of death, and cause of death were retrieved from
regional and municipality registers, through administrative data.

Statistical Methods

Time to event was defined as the time from baseline to death;
otherwise, the patient was considered censored at the last contact.
Descriptive statistics were presented as means and standard devi-
ations (SDs) for quantitative measures and as percentages for all
categorical variables. Univariate tests were performed to explore
the association between each variable and death. Kaplan—-Meier es-
timator was used to explore 15-year mortality rates across MPI risk
groups and a statistical comparison across groups was performed by
the long-rank test. Hazard ratios (HRs) related to MPI as both con-
tinuous (as an increase in 0.1 points) and categorical variables were
obtained by fitting a “2-stage” model in order to adjust the estimate
for the longitudinal trajectory of MPI during the follow-up period.
In the first stage, the longitudinal trajectory of MPI was modeled by
a Mixed Model with random intercept and slopes including time
from baseline, age, and sex for each patient. The estimated value of
MPI for each participant at each time point was estimated by the
first stage and then these values were used in the second stage in a
Cox model as time-varying covariates, adjusting for age and sex. The
performance was estimated by using the time-dependent AUCs at
different cutoff (3, 6,9, 12, and 15 years from the baseline) while the
overall capability was measured by using the Harrell’s C-index and
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relative 95% confidence interval (CI). The improvement due to the
addition of MPI in a model with age and sex only was tested by the
comparison of C-indexes. Median time to death for moderate and
high MPI risk groups and 95% CIs were calculated, in comparison
to the MPI low-risk group using Laplace regression (26), adjusted
for age and gender. All analyses were stratified by widely known
cutoffs for defining older age (<65, 65-74, 75-84, and >835 years).
All tests were 2-tailed, with an I-type error set at 0.05. The ana-
lysis was performed using STATA software (Stata Corp LP, College
Station, TX).

Results

Baseline Characteristics

The study population included 1453 participants (mean
age 68.9 years, women = 55.8%) who participated in the
InCHIANTI study.

Table 1 presents the baseline characteristics of the included
participants, by vital status during 15 years of follow-up. As ex-
pected, participants who died during the 15-year follow-up (681;
46.9% of the baseline population) were significantly older, reported
more disability in ADL and IADL, were more likely to have lower
MMSE scores, consumed more medications, and had more severe

multi-morbidity than those who remained alive (p < .001 for all
comparisons; Table 1).

Deceased participants had significantly higher baseline MPI
values than those alive (0.17 = 0.19 vs 0.05 = 0.07, p < .001).

Survival Analyses
Figure 1 shows the association between MPI categories and mor-
tality during 15 years of follow-up. Participants in the most severe
risk group experienced significantly higher mortality than the other
2 groups (log-rank test and p for trend: <.001). In fact, compared
to MPI-1 low-risk group, participants in MPI-2 moderate-risk
(HR = 2.105 95% CI: 1.73-2.55; p < .001) and MPI-3 high-risk
group (HR =4.94; 95% CI: 3.91-6.24; p < .001) experienced a sig-
nificantly higher risk of mortality.

As given in Table 2, similar results were obtained using MPI as
an ordinal variable based on increments of 0.10 points (HR = 1.42;
95% CI: 1.36-1.49; p < .001). As given in Table 2, the C-index for
the model containing age, sex, and MPI in explaining mortality was
very good (82.1; 95% CI: 80.6-83.5). The time-dependent AUC
assessed every 3 years indicated that the accuracy of the model
incorporating MPI to sex and age in explaining mortality was, again,
excellent (ranging from 86.1 to 88.2) at both short- (3 years) and
long-term (15 years) prospective and also during the intermediate

Table 1. Descriptive Characteristics by Survival Status at 15Years in the INCHIANTI Study

Overall Death at 15 Years
No Yes
1453 (100.0%) 772 (53.1%) 681 (46.9) p Value
MPI, mean (SD) 0.11 (0.15) 0.05 (0.07) 0.17 (0.19) <.001
MPI risk group, 7 (%) Low [0-0.25] 1309 (90.1) 766 (99.2) 543 (79.7) <.001
Moderate [0.26-0.50] 89 (6.1) 6 (0.8) 83 (12.2)
Severe [0.51-1.00] 55(3.8) 0(0.0) 55(8.1)
Age, mean (SD) 68.9 (15.7) 60.5 (15.8) 78.4 (8.3) <.001
Sex, n (%) Female 811 (55.8) 457 (59.2) 354 (52.0) .006
Male 642 (44.2) 315 (40.8) 327 (48.0)
ADL, n (%) 5-6 1376 (94.7) 770 (99.7) 606 (89.0) <.001
3-4 28 (1.9) 2(0.3) 26 (3.8)
0-2 49 (3.4) 0(0.0) 49 (7.2)
IADL, n (%) 6-8 1271 (87.5) 762 (98.7) 509 (74.7) <.001
4-5 56 (3.9) 8 (1.0) 48 (7.1)
0-3 126 (8.7) 2(0.3) 124 (18.2)
MMSE, 7 (%) 16-30 1380 (95.0) 770 (99.7) 610 (89.6) <001
9-15 42 (2.9) 2(0.3) 40 (5.9)
0-8 31(2.1) 0(0.0) 31 (4.5)
Mobility, 7 (%) (1 missing) 23 1353 (93.2) 770 (99.7) 583 (85.7) <.001
1 39 (2.7) 2(0.3) 37 (5.4)
0 60 (4.1) 0(0.0) 60 (8.8)
Drugs, 1(%) 0-3 1159 (79.8) 692 (89.6) 467 (68.6) <001
4-6 233 (16.0) 70 (9.1) 163 (23.9)
>6 61(4.2) 10 (1.3) 51(7.5)
MNA, (%) (142 missing) 12-14 877 (66.9) 550 (74.8) 327 (56.8) <001
8-11 371 (28.3) 177 (24.1) 194 (33.7)
0-7 63 (4.8) 8 (1.1) 55(9.6)
Comorbidity, 7 (%) 0-3 1089 (75.0) 679 (88.0) 410 (60.2) <001
4-6 319 (21.9) 88 (11.4) 231 (33.9)
>6 45 (3.1) 5(0.6) 40 (5.9)
Cohabitation status, 72 (%) With family 1221 (84.0) 680 (88.1) 541 (79.4) <.001
Nursing home 17 (1.2) 1(0.1) 16 (2.4)
Alone 215 (14.8) 91 (11.8) 124 (18.2)

Notes: ADL = activities of daily living; IADL = instrumental activities of daily living; MMSE = Mini-Mental State Examination; MNA = Mini Nutritional As-
sessment; MPI = Multidimensional Prognostic Index. p values were referred to a t test for mean and Fisher’s exact test for frequencies.
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assessments. The addition of the MPI to a model with age and sex
for the prediction of the 15-year mortality involved a mean increase
on C-index of 1.5% (p < .001). Despite a little improvement, even if
significant, a stronger increase was related to the age of the partici-
pants. In particular, the improvement was of 2.5% (p = .023),4.5%
(p =.002), and 14.4% (p < .001) when age was stratified in 66735,
76-85, and 85 and older years, respectively.

Table 3 reports the median time to death, according to the MPI,
age at baseline (stratified in <65, 65-74, 75-84, and >85 years).
The median survival of people in moderate-risk MPI groups varied
across age groups from 2.9 to 7.0 years earlier than for those in the
low-risk MPI group (p < .0001), and the median survival of people
in high-risk MPI groups varied by age from 4.3 to 8.9 years earlier
than for those in the low-risk MPI group (p < .0001; Table 3). No
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Figure 1. Survival curves by Multidimensional Prognostic Index categories in
the INCHIANTI study. Full color version is available within the online issue.

analysis in those younger than 65 years was possible because all the
participants dying during the follow-up were included in the low-
risk MPI group.

Discussion

In this community-based prospective observational study including
a large cohort of people living in Tuscany, Italy, we found that higher
MPI values were significantly associated with mortality during
15 years of follow-up. Multidimensional Prognostic Index showed a
very high discriminatory power and accuracy in explaining mortality
in the InCHIANTI study.

The prognostic value of the MPI has been widely demonstrated
in more than 50 000 older patients with acute or chronic conditions
(such as pneumonia, heart failure, gastrointestinal bleeding, chronic
renal disease, transient ischemic attack, dementia, atrial fibrillation,
and coronary artery disease) (8). However, most of these studies in-
cluded hospitalized patients or long-term care facility residents and
patients receiving home care services (8). Our findings are consistent
with a study conducted in Sweden on a population-based cohort of
2472 community-dwelling older persons that found that higher MPI
values were associated with more days spent in hospital and higher
mortality risk, across different settings and ages (16).

To calculate the MPI from the data collected on the INCHIANTI
study, we used a slightly modified version of the original MPI,
namely, we used the MMSE and Charlson Comorbidity Index in-
stead of the Short Portable Mental Status Questionnaire and the
Cumulative Illness Rating Scale, respectively, which are included in
the original version of the MPIL. This approach was possible thanks
to the “plasticity” of the MPI, that is, the capacity of the CGA-based
MPI to maintain its prognostic properties even if derived from dif-
ferent tools (27,28). In this regard, values to define risks are specific
for each population/setting and to the outcome of interest. Indeed,

Table 2. Adjusted Survival Analyses in the INCHIANTI Study by Using a 2-Stage Model for Including the Longitudinal Evolution of MPI

During the Follow-up Period in the Estimation of the Cox Model

AUC (95% CI)

P C-index (95%
HR (95% CI) Value 3 years 6 years 9 years 12 years 15 years CI)
MPI (x0.10 increase) 1.42 <.001 86.1(83.0-  87.9 88.1 88.2 86.1 82.1 (80.6-83.5)
(1.36-1.49) 89.2) (86.1-89.8)  (86.4-89.8)  (86.4-89.9)  (84.2-88.1)
Sex (M vs F) 2.03 <.001
(1.74-2.37)
Age (x5 years 1.54 <.001
increase) (1.47-1.61)
Note: AUC = area under than curve; HR = hazard ratio; MPI = Multidimensional Prognostic Index.
Table 3. MedianTime to Death inYears, by Multidimensional Prognostic Index (MPI) Group and Age
<65 65-74 75-84 >85

177298 (5.7%) 210/610 (34.4%)

2791366 (76.2%) 175/179 (97.8%)

MPI Group  Years 95% ClI  p Value Years 95% CI  pValue  Years 95% Cl  pValue  Years 95% CI  p Value
Low Excluded because no patients in ~ Ref. — <.001 Ref. — <.001 Ref. — <.001
Moderate moderate- and high-risk classes 7.0 -12.5 -3.9 -6.0 to -2.9 -4.1to

to -1.5 -1.9 -1.6
High -8.9 -12.9 -6.7 -8.7 to -4.3 -5.3to

to 4.8 4.7 -3.3

Note: Adjusted for age and gender.
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very recently MPI was recognized as one of the most used tools in
clinical practice to assess frailty in older participants (29).

An interesting and original finding of this study is that the prog-
nostic value of the MPI for mortality became progressively higher at
older ages, as reported by the median time to death that shows signifi-
cant findings only after 65 years of age. Even if this result is somewhat
expected, we believe that is relevant since one of the most important
questions in actual geriatric medicine, is: “when does the geriatric year
begin?” We can define “old age” as the age nearing or surpassing the
life expectancy of human beings. Traditionally, older age begins after
65 years, that is, in many Western countries, the age of retirement
(30), but more precisely older age is the age after that expected mor-
tality significantly increases. Our work might suggest that a reliable
answer to this question is the geriatric era begins when the component
“multidimensional fragility” (as measured with MPI) is relevant, that
is, after 65 years.

The findings of our study must be interpreted within its limi-
tations. First, we validated MPI in the InNCHIANTI study only for
mortality which may not be the most important outcome considered
in geriatric medicine. Future outcomes should address the ability of
the MPI to explain other adverse outcomes important for older pa-
tients, including falls, disability, health care utilization, and nursing
home admission (31).

In conclusion, in community-dwelling individuals participating
in the INCHIANTI study, higher MPI values were associated with
higher mortality risk. This finding was particularly evident in older
people, indicating the possibility of using MPI also in older com-
munity dwellers. The association between MPI and mortality was
evident only in people older than 65 years, indicating that this age
should be considered the starting point for CGA. Future research in
this topic should cover the MPI’s ability to explore biological, gen-
etic, and environmental factors of aging, a topic of great interest in
geriatric medicine.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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