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Abstract
Background  During the recent lockdown measures adopted by national authorities to contain the COVID-19 pandemic, 
many vulnerable older patients with chronic conditions, normally followed in ambulatory setting, needed to be monitored 
and managed in alternative ways, including telemedicine.
Aims  In the framework of a telemedicine program, we aimed to validate and implement a telephone-administered version 
of the Multidimensional Prognostic Index (TELE-MPI) among community-dwelling older outpatients.
Method  From March 9 to May 11, 2020, 131 older patients (82.1 years; 74% females) were interviewed using a telephone-
based survey to calculate the TELE-MPI. The standard MPI was performed face-to-face three months apart. The Bland–
Altman methodology measured the agreement between the two tools. Multivariate logistic regression models were built to 
ascertain the prognostic value of TELE-MPI and TELE-MPI classes (low, moderate, or severe risk) on negative outcomes 
occurring during the lockdown period.
Results  Mean MPI and TELE-MPI values were 0.523 and 0.522, respectively. Lower and upper 95% limits of agreement 
were − 0.122 and + 0.124, respectively, with only 4.6% of observations outside the limits. Each 0.1 increase of TELE-MPI 
score was significantly correlated with higher incidence of psychiatric disorders [odd ratio (OR): 1.57; 95% confidence 
interval (CI) 1.27, 1.95] and falls (OR: 1.41; 95% CI 1.08, 1.82) in community-dwelling-older adults.
Discussion  TELE-MPI showed a strong agreement with the standard MPI and was able to predict psychiatric disorders and 
falls during lockdown period.
Conclusion  TELE-MPI may represent a useful way to follow by remote the health status of older adults.

Keywords  Telemedicine · Multidimensional Prognostic Index ·  Comprehensive Geriatric Assessment (CGA) · COVID-
19 · Psychiatric disorders · Falls

Introduction

The World Health Organization (WHO) defines telemedicine 
as the application of innovative information and communi-
cation technologies, in order to guarantee the provision of 

more efficient healthcare services, especially in situations 
where the distance between involved subjects plays a deci-
sive role [1]. The most common user interfaces in telemedi-
cine include desktop and laptop computers, fax machines, 
regular and mobile phones, video cameras and a variety of 
“stand alone” systems.

Telemedicine can be applied in the healthcare for second-
ary prevention in people with chronic diseases to reduce the 
risk of possible complications; for the diagnosis in order 
to support the conventional approach; for the treatment to 
follow the patient’s response; and for rehabilitation [2]. Tel-
emedicine, in particular, can play a key role in the man-
agement of the frail older adults, who not only need more 
frequent monitoring, but at the same time present increasing 
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difficulties in access to healthcare facilities [3–5]. Older 
adults have shown interest and adaptability to use of tech-
nology [4]. Furthermore, the use of telemedicine in contexts 
without assistance services is at least as effective as the face-
to-face visit [3].

The sudden and pervasive diffusion of the COVID-19 
pandemic resulted in a serious emergency situation through-
out the social and welfare sectors dealing with the man-
agement of frail older adults [6–8]. Most of the resources 
have been converted for the emergency; most of the ser-
vices and home assistance, which the older patients ben-
efited from, have been suspended. The social restrictions, 
imposed during the lockdown, had a substantial impact on 
the management of outpatient activities with cancellations or 
postponements of visits and consults. Moreover, more vul-
nerable patients, such as frail older adults, are at higher risk 
for psychiatric problems and adverse events related to social 
isolation [9] and when infected with COVID-19 reported 
an increased risk of morbidity, admission to intensive care 
units and death [6].

In this context, telemedicine can offer a practical method 
for monitoring community-dwelling, frail older adults 
encouraging the adoption of new modalities of medical care 
[10, 11]. However, there is also a need of prognostic tools 
able to early identify frail older adults more at risk of dismal 
outcomes not merely related to COVID-19 infections. The 
Multidimensional Prognostic Index derived from Compre-
hensive Geriatric Assessment (CGA) has been demonstrated 
as a feasible and reliable tool predicting morbidity, mortal-
ity, hospitalization, institutionalization in community-dwell-
ing older adults [12]. Moreover, it offers the opportunity to 
guide the healthcare providers in clinical decision making 
and allocation of resources [13].

We aimed to validate a telephone-administered version 
of the MPI (TELE-MPI) among community-dwelling older 
outpatients and then testing the usefulness of this tool in 
predicting adverse outcomes such as occurrence of psychi-
atric symptoms, falls, hospitalization and death during the 
COVID-19 related lockdown.

Methods

Study population

Between March 9th 2020 and May 11th 2020, 170 patients 
usually followed in ambulatory setting at the E.O. Galliera 
Hospital of Genova, Italy, were contacted to undergo a tele-
visit by a multi-professional team consisting of geriatrician, 
nurse and neuropsychologist. Of these, 160 responded and 
131 subjects, aged from 55 to 95 years, accepted an interac-
tion via pc/tablet or smartphone, using a dedicated connec-
tion (Jiitsimeet/Galliera). Subjects were included whether: 

(1) attended the outpatient clinics of the Galliera Hospital, 
(2) lived in community, (3) provided an informed consent or 
had the availability of a proxy for informed consent, (4) were 
willing to participate in the study and (5) had both complete 
standard MPI and TELE-MPI. No specific age criterion was 
applied, but only three patients were younger than 65 years 
old. This study was performed in accordance with the ethical 
standards in the 1964 Declaration of Helsinki and received 
formal ethical approval by Ethical Committee of Depart-
ment of Education of the University of Genoa (DISFOR), 
Genoa, Italy.

Information about occurrence of COVID-19 manifesta-
tions (e.g. fever ≥ 38 °C, cough, dyspnea and other symp-
toms), falls, call to emergency medical service, access to the 
emergency department and death were collected. Presence 
of caregiver during the lockdown was also assessed. Diag-
nosis of psychiatric disorders (i.e. depression, anxiety, sleep 
disorder, delirium) was formulated according the American 
Psychiatric Association’s Diagnostic and Statistical Manual 
fifth edition (DSM‐5).

Multidimensional prognostic index (MPI)

The standard MPI was performed face-to-face by health pro-
fessionals three months apart (before or after the lockdown) 
from the telephone interview. The MPI was calculated with 
the information from eight different domains of the CGA as 
previously reported:

1.	 Functional status was evaluated through the Katz’s 
activities of daily living (ADL) index, which defines the 
level of independence in six daily personal care activi-
ties (bathing, toileting, feeding, dressing, continence and 
transferring in and out of bed or chair) [14].

2.	 Independence was measured by means of the Lawton’s 
instrumental activities of daily living (IADL) scale, 
which assesses independence in eight activities that are 
more cognitively and physically demanding than the 
ADL, that is, managing finances, using a telephone, tak-
ing medications, shopping, using transportation, prepar-
ing meals, doing housework and washing [15].

3.	 Cognitive status was determined through the Short Port-
able Mental Status Questionnaire (SPMSQ), a 10-item 
questionnaire investigating orientation, memory, atten-
tion, calculation and language [16].

4.	 Comorbidity was examined using the cumulative illness 
rating scale (CIRS), a five-point ordinal scale (score 
1–5) to estimate the severity of pathology in each of 
13 systems, including cardiac, vascular, respiratory, 
eye–ear–nose–throat, upper and lower gastrointestinal, 
hepatic, renal, genitourinary, musculoskeletal, skin, 
nervous system, endocrine–metabolic and psychiatric 
disorders. Based on the ratings, the comorbidity index 
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(CIRS-CI) score, which reflects the number of concomi-
tant diseases, was derived from the total number of cat-
egories in which moderate or severe levels (grade from 
3 to 5) of disease were identified (range from 0 to 13) 
[17].

5.	 Nutritional status was investigated with the Mini Nutri-
tional Assessment Short Form (MNA-SF), which 
includes information on (1) anthropometric measures 
(body mass index and weight loss), (2) neuropsychiatric 
problems and recent psychiatric stress, (3) mobility and 
(4) decline in food intake [18].

6.	 Risk of developing pressure sores was evaluated through 
the Exton–Smith Scale (ESS), a five-item questionnaire 
determining physical and mental condition, activity, 
mobility and incontinence [19]. For each item, a score 
from 1 to 4 is assigned.

7.	 Medication use was defined according to the Anatomical 
Therapeutics Chemical Classification code system (ATC 
classification) and the number of drugs used by patients 
was recorded. Patients were defined as being on medica-
tion if they were taking any of the drugs included in the 
ATC classification at the moment of study inclusion.

8.	 Cohabitation status included living alone, in an institu-
tion, or with family members.

For each domain, was assigned a score: 0 = no problems, 
0.5 = minor problems and 1 = major problems, based on con-
ventional cutoff points derived from literature for the singu-
lar items. The sum of the scores of each domain was divided 
by 8 to obtain a final MPI risk score ranging from 0 = no risk 
to 1 = higher risk of mortality.

Telephone‑administered MPI (TELE‑MPI)

Similarly to the MPI domains, the TELE-MPI considered 
the following eight areas:

1.	 Functional status assessed through the ADL scale [14].
2.	 Mobility assessed inquiring about the abilities to 

transfer from bed to chair or wheelchair, walking and 
going up and down the stairs [20]. The ability of doing 
these activities was categorized as yes (1 point) or no 
(0 point). We opted for this scale rather than ESS, for 
evaluation of mobility, because the dichotomous choice 
allows an easier judgment by patient or caregiver com-
pared to ESS.

3.	 Independence using the Lawton’s IADL scale, as 
reported earlier [15].

4.	 Cognitive status with SPMSQ scale [16].
5.	 Nutritional status investigated with the MNA-SF [18].
6.	 Number of medications.
7.	 Comorbidity: CIRS comorbidity is the number of health 

problems/diseases that are so severe to require chronic 
drug therapies in 13 aspects of health [17]. Therefore, 
CIRS can be self-reported listing health conditions that 
require medications for their treatment.

8.	 Cohabitation status as previously stated.

As for the MPI, a tripartite hierarchy was used for each 
item and described in Table 1, according to previously 
reported cutoff values [21]. For the assessment of mobility, 
which is the only domain evaluated in different way from 
the standard MPI, we used the following, previously pro-
posed, cutoff values: score equal to 3 or 2 = 0; score equal 
to 1 = 0.5, score equal to 0 = 1 [20]. The sum of the scores 
assigned to each domain was divided by 8 to obtain a final 
TELE-MPI risk score ranging from 0 = no risk to 1 = high 

Table 1   Domains of the 
telephone-administered-MPI 
and its calculation

ADL activities of daily living, CIRS Cumulative Illness Rating Scale, IADL Instrumental Activities of daily 
Living, MNA-SF Mini Nutritional Assessment Short Form, SPMSQ Short Portable Mental Status Ques-
tionnaire, TELE-MPI Telephone-administered Multidimensional Prognostic Index

TELE-MPI

Level of risk

Risk low = 0 Risk moderate = 0.5 Risk high = 1

1. ADL 6–5 4–3 2–0
2. MOBILITY 3–2 1 0
3. IADL 8–6 5–4 3–0
4. SPMSQ 0–3 4–7 8–10
5. MNA-SF 14–12 11–8 7–0
6. Self-reported CIRS 0 1–2 ≥ 3
7. Number of drugs 0–3 4–6 ≥ 7
8. Cohabitation status Family Nursing home Alone
Sum the numbers assigned to each domain and divide by 8 Total score TELE-MPI
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risk of mortality. Also, according to the previously estab-
lished MPI categories [22], the TELE-MPI was expressed as 
three grades of risk: TELE-MPI-1 low risk (values ≤ 0.33), 
TELE-MPI-2 moderate risk (values between 0.34 and 0.66) 
and TELE-MPI-3 high risk (MPI value > 0.66).

Statistical analysis

Descriptive statistics were expressed as absolute and relative 
frequencies (percent) for categorical variables and as mean 
and standard deviation (SD) for continuous variables. The 
difference between the TELE-MPI and the standard MPI 
was tested with the t test for paired samples. We verified the 
agreement between the TELE-MPI and the standard MPI 
using the Bland–Altman plot (BAP) methodology [23]. This 
methodology provides an objective measure of agreement 
(95% limits of agreement) and a visual representation of the 
level of the overlap of two different scores (plot of the dif-
ference vs. the average of the two scores) [23].

Bivariate logistic regressions were performed to test 
the association between TELE-MPI and different negative 
outcomes including onset of psychiatric disorders, falls, 
call to the emergency medical service, access to the emer-
gency department and death. Multivariable logistic regres-
sion models were developed in order to identify whether 
TELE-MPI, expressed both as continuous variable (per 
0.1 increase of the score) and categorical variable (TELE-
MPI-1, TELE-MPI-2, TELE-MPI-3), was an independent 
predictor of negative outcomes taking into account potential 
confounding factors such as age, gender, presence of car-
egiver during the lockdown period. A two-tailed significance 
level at p = 0.05 was set for each test. All the analyses were 
performed using SPSS v26.0 software for Windows (SPSS, 
Chicago, IL, USA).

Results

Table 2 summarizes the characteristics of the studied cohort. 
We enrolled 131 community-dwelling older adults (74% 
females) with mean (SD) age of 82.1 years (6.6). Half of par-
ticipants lived alone (50.4%) and only 23 subjects (17.6%) 
were assisted by a caregiver during lockdown.

Mean (SD) MPI and TELE-MPI scores were 0.523 
(0.223) and 0.522 (0.222) respectively (Table 2). The mean 
difference (SD) between the MPI and the TELE-MPI was 
equal to + 0.001 (0.063) (Table 2). Lower and upper 95% 
limits of agreement were respectively equal to − 0.122 
and + 0.124. Only 6 of 131 observations (4.6%) fell outside 
the limits of agreement (Fig. 1). Among participants the 
perceived acceptability of telemedicine program was high 
(89.3%). The majority of participants (60.3%) did not report 

signs and symptoms related to COVID-19 infection. Most 
frequent adverse events were represented by new onset psy-
chiatric disorders (44.3%) and falls (25.2%). In 35 cases 
(26.7%) a therapeutic change was suggested. Incidence of 
hospitalization and death was relatively low: 9.9% and 0.8%, 
respectively.

Prognostic value of TELE‑MPI on negative outcomes

According the TELE-MPI class 27.5% subjects were dis-
tributed in the low-risk category (TELE-MPI-1), 42% in the 
moderate risk (TELE-MPI-2) and 30.5% in the high-risk 
category (TELE-MPI-3). We explored potential association 
between TELE-MPI and negative outcomes occurring dur-
ing the COVID-19 pandemic including onset of psychiat-
ric disorders, falls, call to the emergency medical service, 
access to the emergency department and death. Among 
these selected outcomes, the TELE-MPI score (as well as 
the standard MPI) was significantly associated only with the 
occurrence of psychiatric disorders (p < 0.0001) and with 
falls (p = 0.001).

In a multivariable logistic regression model, each increase 
of 0.1 point in the TELE-MPI predicted an increase of about 
60% of psychiatric disorders risk [odd ratio (OR) 1.57; 95% 
confidence interval (CI) 1.27, 1.95; p < 0.0001] indepen-
dently by other potential confounders such as age, gender 
and presence of caregiver even during the lockdown period. 
In particular, as compared to patients in the lowest risk 
class (TELE-MPI-1), those in the highest risk class (TELE-
MPI-3) approximately had a tenfold higher risk of develop-
ing psychiatric disorders (OR: 10.36; 95% CI 3.06, 35.10; 

Table 2   Characteristics of the study population

MPI Multidimensional prognostic index, SD standard deviation, 
TELE-MPI Telephone-administered MPI

Age, mean (SD) 82.1 (6.6)
Female, n (%) 97 (74)
Caregiver, n (%) 42 (32)
Caregiver during lockdown, n (%) 23 (17.6)
Influenza vaccination, n (%) 95 (72.5)
Pneumococcal vaccination, n (%) 11 (8.4)
COVID-19 manifestation, n (%) 52 (39.7)
Psychiatric disorders, n (%) 58 (44.3)
Falls, n (%) 33 (25.2)
Call to the emergency medical service, n (%) 14 (10.7)
Access to the emergency department, n (%) 13 (9.9)
Mortality, n (%) 1 (0.8)
Therapeutic change, n (%) 35 (26.7)
Acceptability of telemedicine, n (%) 117 (89.3)
MPI, mean (SD) 0.523(0.223)
TELE-MPI, mean (SD) 0.522(0.222)
Difference MPI − TELE-MPI, mean (SD) + 0.001 (0.063)
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p < 0.0001) and those in the moderate risk class (TELE-
MPI-2) about five times higher risk (OR: 5.14; 95% CI 1.70, 
15.57; p = 0.004) (Table 3).

After adjusting for age, gender, presence of a caregiver 
during lockdown and new onset psychiatric disorders, an 

increase of 0.1 point in the TELE-MPI corresponded to a 
41% increased probability of falls (OR: 1.41; 95% CI 1.08, 
1.82; p = 0.01) independently. Compared to patients in the 
lowest risk class (TELE-MPI-1), those in the highest risk 
class (TELE-MPI-3) had roughly five times higher risk of 
developing falls (OR: 4.95; 95% CI 1.07, 22.82; p = 0.04) 
(Table 3). Furthermore, patients with new onset psychiatric 
disorders had a twofold higher risk of falls (OR: 2.52; 95% 
CI 1.03, 6.15; p = 0.043) (data not shown).

Discussion

In the present study we found that telephone-administered 
version of MPI (TELE-MPI) has strong agreement with 
traditional MPI tool performed face-to-face, in community-
dwelling older adults. We found that higher TELE-MPI 
score is an independent predictor of new psychiatric disor-
ders and falls during the lockdown period related to COVID-
19 pandemic. Compared to subjects in the lowest risk cat-
egory based on TELE-MPI stratification (TELE-MPI-1), 
those in the highest risk category (TELE-MPI-3) had 10- 
and 5-time more pronounced risk of psychiatric disorders 
and falls occurrence, respectively.

Older adults with chronic conditions represent a high-risk 
category not only for their vulnerability to the SARS-CoV-2 
[6], but also for the potential short and long-term conse-
quences correlated to the suspension of healthcare support 

Fig. 1   Bland–Altman plot of 
agreement between MPI and 
TELE-MPI

Table 3   Logistic model for prediction of psychiatric disorders and 
falls by TELE-MPI as continuous scale or stratified in risk classes

CI Confidence Interval, TELE-MPI Telephone-administered Multidi-
mensional Prognostic Index
a Model adjusted for age, gender and presence of a caregiver during 
lockdown
b Model adjusted for age, gender, presence of a caregiver during lock-
down and occurrence of psychiatric disorders

Odds ratio 95% CI p value

Psychiatric disordersa

 TELE-MPI (× 0.1 increase) 1.57 1.27–1.95 < 0.0001
 TELE-MPI class
  1 (Low risk) 1.0 (REF)
  2 (Moderate risk) 5.14 1.70–15.57 0.04
  3 (High risk) 10.36 3.06–35.10 < 0.0001

Fallsb

 TELE-MPI (× 0.1 increase) 1.41 1.08–1.82 0.01
 TELE-MPI class
  1 (Low risk) 1.0 (REF)
  2 (Moderate risk) 3.24 0.77–13.63 0.11
  3 (High risk) 4.95 1.07–22.82 0.04
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and the breakdown of social networks [8, 9]. Social isolation 
and loneliness are well-known risk factors for morbidity and 
mortality among older adults [24]. Telemedicine programs 
may offer the possibility to deal with these aspects related 
to the social distancing [10, 25]. In the last months, several 
initiative focused on telehealth in community-dwelling older 
adults have been set up, also solicited by national health 
authorities, to offer adequate support to this frail popula-
tion [26, 27]. For example, Beauchet et al. developed a tele-
phone screening test named “Evaluation SOcioGERiatrique” 
(ESOGER) which included assessment of: (1) COVID-19 
manifestation; (2) frailty; (3) psychological distress; (4) 
social isolation and (5) caregivers’ burden, to early detect 
homebound older adults at risk of negative outcomes [26]. 
However, this tool still lacks validation studies.

To the best of our knowledge, TELE-MPI is the first prog-
nostic tool for community-dwelling older adults validated 
using a telephone interview. In contrast with previous evi-
dence on MPI [12], in this cohort, both MPI and TELE-MPI 
did not show predictive accuracy for death and access to 
the emergency department, but this might be explained by 
limited sample size, relatively short follow-up, different type 
of setting and potentially by the effect itself of telemedicine 
program. Previous studies showed that standard MPI is also 
an independent predictor of depressive disorders and falls 
[28, 29]. In the Irish Longitudinal Study on Ageing, carried 
out on 1,854 older adults followed-up over two years, higher 
baseline MPI values were significantly associated with inci-
dent depressive symptoms (highest MPI tertile vs. lowest: 
OR: 2.96; 95% CI 1.50–5.85) [28]. Evidence from Osteo-
arthritis Initiative study in 885 community-dwelling older 
people with knee osteoarthritis or at high risk for this condi-
tion showed that subjects in high-risk MPI category (MPI-3) 
had significantly higher risk of recurrent falls compared to 
those in MPI-1 category (OR: 5.98; 95% CI 3.29–10.86) 
during 8-year follow-up [29]. The present findings may sug-
gest that the telephone-administered version of MPI could 
have similar efficacy of standard MPI tool in predicting risk 
of psychiatric disorders and falls.

This study has some limitations. Firstly, the sample size 
is relatively small thus may be underpowered on some out-
comes as hospitalization and mortality. Secondly, the cross-
sectional design does not allow to establish a causal–effect 
relationship between multidimensional impairment assessed 
by TELE-MPI and occurrence of negative outcomes. 
Thirdly, the MPI score could change over time, however it 
is quite reasonable that in a population of community-dwell-
ing the MPI variations in such limited time frame would 
be low relevant. Finally our study population is constituted 
by patients who agreed to participate in the telemedicine 
program and thus could have access and familiarity with 
technologies. Therefore, present findings might not be gen-
eralizable to the broader population of community-dwelling 

older adults. Future longitudinal studies with larger popula-
tion are warranted to test usefulness of TELE-MPI in risk 
stratification and clinical decision making.

However, this study has also some important strengths. 
Indeed, we validated for the first time a telephone-admin-
istered version of a well-established prognostic tools as 
the MPI. Besides the current utilization, the TELE-MPI 
might have several further applications in clinical prac-
tice including monitoring post-hospitalization course or 
effectiveness of home-based interventions in older adults. 
This approach may be sustainable for the patients and less 
time-consuming for the healthcare providers. More tele-
visits can be scheduled in the same time spent for just 
one face-to-face, meaning more often follow-ups and more 
strict control of patients’ conditions.

In conclusion, our study suggests that TELE-MPI was a 
feasible and reliable tool for remote monitoring of commu-
nity-dwelling older people. TELE-MPI values can predict 
risk of psychiatric disorders and falls offering the oppor-
tunity to take appropriate preventive strategies.
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