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Abstract: The prevalence of renal disease is constantly increasing in older adults and a prognostic
evaluation by a valid tool may play a key role in treatment management. We aimed to assess the
association(s) between the multidimensional prognostic index (MPI) and both the hospitalization
and mortality among older adults with renal disease. Patients with chronic kidney disease (CKD)
(stage 3–5 KDOQI) and on dialysis were considered. Clinical parameters were registered at baseline
and after 2 years. In all the patients, the MPI was calculated and divided into grade 0 (low risk),
1 (moderate risk), and 2 (severe risk). Hospitalizations and mortality were recorded during the
follow-up and analyzed according to MPI grade. A total of 173 patients, with a median age of 76 years,
on conservative (n = 105) and replacement therapy (32 patients on hemodialysis, 36 patients on
peritoneal dialysis) were enrolled. Of them, 60 patients were in MPI grade 0, 102 in grade 1, and 11 in
grade 2. The median duration of all the hospitalizations was 6 days and the number of deaths was
33. MPI significantly correlated with days of hospitalization (r = 0.801, p < 0.00001) and number
of hospitalizations per year (r = 0.808, p < 0.00001), which was higher in MPI grade 2 compared to
grade 1 (p < 0.001) and to grade 0 (p < 0.001). We found a significant association between MPI grades
and mortality (p < 0.001). Our results indicate that MPI was associated with outcomes in patients
with renal disease, suggesting that a multidimensional evaluation should be implemented in this
clinical setting.

Keywords: multidimensional prognostic index; chronic kidney disease; hemodialysis; peritoneal
dialysis; hospitalization; mortality

J. Clin. Med. 2020, 9, 3965; doi:10.3390/jcm9123965 www.mdpi.com/journal/jcm

http://www.mdpi.com/journal/jcm
http://www.mdpi.com
https://orcid.org/0000-0002-7199-2954
https://orcid.org/0000-0002-1294-9403
https://orcid.org/0000-0003-3071-1893
https://orcid.org/0000-0001-5683-6841
https://orcid.org/0000-0003-1027-7049
https://orcid.org/0000-0003-3784-3514
https://orcid.org/0000-0001-6395-6227
http://www.mdpi.com/2077-0383/9/12/3965?type=check_update&version=1
http://dx.doi.org/10.3390/jcm9123965
http://www.mdpi.com/journal/jcm


J. Clin. Med. 2020, 9, 3965 2 of 10

1. Introduction

The prevalence of older adults affected by chronic kidney disease (CKD) and requiring renal
replacement therapy is high worldwide [1,2]. Currently, assessing functional, cognitive, and nutritional
status among older CKD patients appears clinically relevant to stratify the risk to develop end-stage
renal disease, even more than using the estimated glomerular filtration rate (eGFR) and proteinuria
alone [3,4]. The prognostic evaluation of older adults with CKD is essential for physicians to identify
the most appropriate clinical decision-making process for the management, treatment, and prevention
of complications as well as to have a realistic expectation for patients and their family members. Studies
support the idea that multidimensional assessment represents an important aspect in predicting short-
and long-term all-cause mortality in older CKD patients [5–7]. This is crucial also in considering the
high prevalence of frailty in this population negatively impacting on several outcomes [8].

In this light, the multidimensional prognostic index (MPI) has been found to predict mortality in
patients with a variety of acute and chronic clinical conditions [4,9]. In particular, in CKD patients,
the MPI was shown to be more accurate in predicting mortality when compared to the eGFR alone [7].
Data from hospital-based cohorts also indicate that using the MPI in addition to eGFR ameliorated the
prediction of long-term all-cause mortality in CKD older adults [6]. Moreover, the mortality incidence
rate (considering all-cause mortality) is significantly raised with the increasing of the MPI grade [6].

The MPI is based on the assessment of nutritional, cognitive, and functional status as well as on
medical and social factors [5]; it is calculated from data obtained from a standardized comprehensive
geriatric assessment (CGA), including six different domains such as activities of daily living (ADL),
instrumental activities of daily living (IADL), short portable mental status questionnaire (SPMSQ), mini
nutritional assessment (MNA), Exton-Smith score (ESS), and cumulative index rating scale (CIRS) in
addition to information on medication history and cohabitation [5,6]. All these factors might negatively
affect patient outcomes including hospitalization and its duration not only in CKD on conservative
management but also during replacement therapy.

For this reason, we aimed to assess the association(s) of the MPI over time with the number of
hospitalizations, days of hospitalization, and mortality among patients with CKD aged ≥65 years on
conservative and replacement therapy, particularly hemodialysis (HD) and peritoneal dialysis (PD).

2. Materials and Methods

The study protocol was approved by the Local Clinical Research Ethics Committee (Sapienza
University—Azienda Policlinico Umberto I, Rome, Italy—prot. n. 2517/15). The study conforms to the
principles outlined in the Declaration of Helsinki and later amendments and we obtained a written
informed consent by each patient before the enrollment.

2.1. Study Design and Participants

We performed an observational longitudinal study on clinically stable CKD patients consecutively
enrolled from March 2015 to July 2017 at the University Hospital “Policlinico Umberto I” of Rome,
Sapienza University of Rome, Italy. This study included CKD patients age ≥65 years on conservative
therapy (eGFR ≤ 60 mL/min, stage 3–5 KDOQI), or replacement therapy (HD or PD) for at least
3 months. Statins, antihypertensive and antiplatelet therapies, and/or therapies with calcium, calcitriol
and phosphate binders were continued in all patients included in the study. We recorded the clinical
history and excluded patients with acute cerebrovascular and cardiovascular events within 3 months
before the study, history of malignancy, or degenerative neurological or psychiatric diseases. We did
not enroll patients who were not able to sign the informed consent or refused to give consent, nor did
we enroll patients with missing data to calculate the MPI. We also excluded patients who were planning
at the enrollment to relocate to another nephrology unit/dialysis center within the next 6 months.

The eGFR was calculated with abbreviated modification of diet in renal disease formula [10].
Clinical and laboratory variables, including hemoglobin, serum vitamin D, intact parathyroid hormone
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(iPTH) albumin, electrolytes, pH and base excess, were recorded at baseline and at 12 and 24 months
in all CKD patients, and among HD patients, they were registered during the middle of the week,
whereas among PD patients, before the first replacement of the morning with an empty peritoneum at
routine visit [11]. Finally, body weight was determined to the nearest 0.1 kg using a calibrated digital
scale. Body mass index (BMI) was calculated using the formula of (weight (kg)/height2 (m2)).

2.2. Calculation of the MPI at Baseline

We calculated the MPI as established in previous studies, consisting as a product of the CGA [5],
which included data from 6 standardized scales: ADL and IADL, exploring the functional status;
SPMSQ, exploring the cognitive status; MNA, investigating nutritional status; ESS for mobility and
risk of pressure sore; CIRS, for multi-morbidity assessment; in addition, the number of drugs to
assess polypharmacy, and co-habitation status were recorded for a total of 63 items [4,9]. The MPI
was calculated in all the participants from the integrated total scores and expressed as 3 risk classes:
grade 0 = low risk (MPI value between 0 and 0.33), grade 1 = moderate risk (MPI value between 0.34
and 0.66) and grade 2 = severe risk (MPI value ranging from 0.67 to 1.00) [7,9].

2.3. Hospitalization and Mortality over the 24-Month Follow-Up

All the participants were followed up with for 24 consecutive months after the enrollment and
over this period we recorded the total number of days of hospitalizations per year and the number of
annual admissions as well as the number of deaths per number of patients [12].

2.4. Statistical Analysis

Data management and analysis were performed using IBM® SPSS® Statistics 20.0 for Windows®

software (IBM Corporation, New Orchard Road Armonk, New York, NY, USA). The normality
of variables was tested using the Shapiro–Wilk method for normal distributions. All continuous
variables were expressed as mean ± standard deviation, categorical variables were expressed as
number (percentage). The comparison of the data of patients, for all quantitative variables considered,
was performed using non-parametric Wilcoxon test and Student’s t test. For comparing proportions
was applied chi-square test. Student’s t-test or the Mann–Whitney U-test were performed to determine
differences between groups. The binomial test or chi-square test was used for comparison of categorical
data. Pearson’s correlation was used to determine, in bivariate correlation, the relationship and the
strength of association between the variables, considering all the patients together and also based on
the stage of the disease for hospitalization and mortality (CKD 3, CKD 4-5 or replacement therapy,
including HD and PD patients). A value of p < 0.05 was considered statistically significant.

3. Results

3.1. Patients’ Characteristics at Baseline

We initially considered 177 patients; 2 patients refused to give consent and 2 patients were
excluded because they transferred to other nephrology units during the study period, making complete
data unavailable. Therefore, a total of 173 patients (107 male), with a median age of 76 (70; 80) years
were consecutively included; they were affected by CKD on conservative therapy (stage 3–5 KDOQI)
(n = 105, 72 male), on HD (n = 32 patients, 15 male) and on PD (n = 36 patients, 20 male). The patients’
characteristics are shown in Table 1.

3.2. MPI Classes

The MPI score was calculated at baseline and all the participants were divided into 3 risk classes:
grade 0 (low risk) = 60 patients (35%), grade 1 (moderate risk) = 102 patients (59%), and grade 2 (severe
risk) = 11 patients (6%).
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CKD patients on conservative therapy among moderate and severe MPI risk classes (1 and 2)
were 72/105 (69%), HD patients were 10/32 (31%) and patients in PD were 31/36 (86%).

Table 1. Patient characteristics. Total patients at baseline were n = 173 and at month 24 were n = 140.

Baseline Month 24

Male, n (%) 107 (62) 84 (60)
Age, y 76 (70; 80) 73 (69; 79)

BMI, kg/m2 26.4 ± 4.4 23.9 ± 3.4
Hemoglobin, g/dL 11.6 (10.6; 13) 12.6 (11.6; 13.4)

Serum creatinine, mg/dL
All 2.1(1.8; 6.0) 2.8 (1.9; 7.2)

CKD stage 3 * 1.8 (1.4; 2) 2.08 (1.49; 2.5)
CKD stage 4–5 # 1.9 (1.8; 2.2) 2.63 (2.03; 2.9)

Replacement therapy § 6.3 (5.6; 7) 9 (7.53; 11)
Total serum nitrogen, mg/dL

All 97 (69; 138) 99 (87; 131)
CKD stage 3 * 73 (64; 95) 89 (67; 102)

CKD stage 4–5 # 76.5 (58; 101) 98 (76; 115)
Replacement therapy § 147 (114; 179) 122 (99; 148)
eGFR, mL/min/1.73 m2

All 27.5 (10; 39) 21 (8.2; 30.3)
CKD stage 3 * 39 (35; 52) 30 (25; 39)

CKD stage 4–5 # 25 (22; 28) 25 (19.8; 29.3)
Replacement therapy § 8.7 (7.3; 10.7) 7.1 (5.5; 8.8)

pH 7.33 (7.30; 7.38) 7.37 (7.33; 7.40)

Base excess −2.50 (−6.00;
1.00)

−1.90 (−3.50;
−0.80)

Sodium, mEq/L 139 (137; 142) 140 (139; 143)
Potassium, mEq/L 4.79 ± 0.63 4.63 ± 0.62
Albumin, mg/dL

All 3.98 (3.5; 4.1) 4.60 (4.2; 5.0)
CKD stage 3 * 3.89 (3.45; 4.1) 4.67 (4.4; 5.0)

CKD stage 4–5 # 3.8 (3.5; 4) 4.7 (4.5; 5.1)
Replacement therapy § 4.0 (3.8; 4.4) 3.8 (3.4; 4.2)

iPTH, pg/mL 160.5 (58.5; 165) 109.5 (76.0;
221.3)

25-OH-VitD, ng/mL 21.5 (14.4; 29.3) 14.8 (7; 20)
SBP, mmHg 130 (120; 140) 130 (120; 140)
DBP, mmHg 80 (70; 86) 80 (70; 85)

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
iPTH, intact parathyroid hormone; SBP, systolic blood pressure; DBP, diastolic blood pressure. Median (25th; 75th)
is shown for non-normally distributed variables. * at baseline n = 77 and at month 24 n = 63; # at baseline n = 28 and
at month 24 n = 21; § at baseline n= 68 and at month 24 n = 56.

3.3. 24-Month Follow-Up and Clinical Characteristics

Among the entire cohort, we registered an average 206 hospitalization per year.
At the end of the follow-up, 33 patients died (n = 21 of CKD, n = 4 of HD, n = 8 of PD). Therefore,

a total of 140 patients with a median age of 73 years (68.75; 79) were studied at 24 months and their
characteristics are shown in Table 1.

3.4. MPI and Hospitalization

We found a significant positive correlation between MPI and total number of days of hospitalization
registered over the 24-month follow-up (r = 0.801, p < 0.00001) (Figure 1) as well as between MPI and
the number of hospitalizations per year (r = 0.808, p < 0.00001).
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Figure 1. Correlation between the multidimensional prognostic index (MPI) score and days of
hospitalization over the 24-month follow-up. (r = 0.801, p <0.00001).

According to MPI risk classes, the mean of annual hospital admissions was different between the
three MPI grades (p < 0.001) (Figure 2). In particular, patients in MPI risk class 2 showed a significantly
higher median number of hospitalizations per year (4, IQR 3; 4) with respect to patients in MPI risk class
1 (1, IQR 1; 2) (p < 0.0001) and to those in MPI risk class 0 (0, IQR 0; 0) (p < 0.0001) as well as a higher
median number of hospitalizations per year between patients in MPI risk class 1 versus those with risk
0 (p < 0.0001) (Figure 2). These significant differences between MPI risk classes were confirmed when
considering separately CKD patients in non-replacement therapy (p < 0.0001), and when considering
CKD patients in replacement therapy only (p < 0.0001).
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Figure 2. Differences in annual hospital admission between multidimensional prognostic index (MPI)
risk class 0 (0, IQR 0; 0), MPI risk class 1 (1, IQR 1; 2) and MPI risk class 2 (4 IQR 3; 4).
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Moreover, all the six domains comprised in the MPI significantly correlated with the total number
of days of hospitalization and with the numbers of annual hospital admissions over the 24-month
follow-up (Table 2).

Table 2. Correlations between each of the six domains of the multidimensional prognostic index (MPI)
and the days of hospitalization and the number of hospitalizations per year.

Days of Hospitalization n◦ of Hospitalizations per Year

Each of the 6 domains of MPI
ADL

r −0.629 −0.573
p-value <0.00001 <0.00001
IADL

r −0.544 −0.572
p-value <0.00001 <0.00001
SPMSQ

r −0.419 −0.381
p-value <0.00001 <0.00001

EXTON-SMITH
r −0.476 −0.480

p-value <0.00001 <0.00001
CIRS

r 0.19 0.232
p-value 0.013 0.002
MNA

r −0.533 −0.585
p-value <0.00001 <0.00001

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; SPMSQ, short portable
mental status questionnaire; CIRS, cumulative index rating scale; MNA, mini nutritional assessment.

3.5. MPI and Mortality

We found a significant association between MPI and the number of deaths for all risk classes
(χ2 = 61.22, p < 0.0001), and the analysis of standardized residuals (positive or negative) showed that
the differences were statistically significant in each MPI risk class (r < 1.96 or r > 1.96) (Table 3).

Moreover, a significant association between MPI and the number of deaths for all risk classes was
also documented when considering separately CKD patients in non-replacement therapy (p < 0.0001)
and CKD patients in replacement therapy (HD + PD) (p = 0.002).

Table 3. Association between mortality (death no/yes) and multidimensional prognostic index (MPI)
by risk classes. (Risk class 0 = MPI between 0 and 0.33; Risk class 1 = MPI between 0.34 and 0.66; Risk
class 2 = MPI between 0.67 and 1.00).

MPI Risk Class
Total (n)

0 1 2

Death

NO

Count 60 80 0 140

Expected count 48.6 82.5 8.9 140.0

Standardized residual 4.7 −1.0 −7.1

YES

Count 0 22 11 33

Expected count 11.4 19.5 2.1 33.0

Standardized residual −4.7 1 7.1

Total Count 60 102 11 173

Person’s Chi-square Value 61.22 p-value < 0.0001
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4. Discussion

The prognostic evaluation of older adults with CKD is crucial in the decision analysis of care
processes to evaluate the most appropriate management and treatment of patients with renal disease.
In particular, older adults often present several comorbidities, and life expectancy is likely to be
influenced by a multitude of factors. The prognosis of older adults with CKD is strongly affected by
functional, cognitive, and nutritional status, psychosocial capacity, treatments, and other factors that
are directly or indirectly related to the disease, suggesting the need of a prognostic tool which should
be accurate in predicting mortality risk, with the objective of developing an overall comprehensive
plan for treatment and follow-up [5,13]. This may be also important to decide if replacement therapy
should be initiated or not. Based on this concept, the MPI was successfully used in CKD to predict
all-cause mortality. Interestingly, in our study, we observed a significant association between MPI
classes and outcomes not only in patients with CKD on conservative therapy (stage 3–5 KDOQI) but
also in patients on HD and PD. In fact, patients on replacement therapy are known to be frail with
important clinical implications [14]. In particular, among our cohort, the 86% of patients on PD were
those in MPI risk classes 1 and 2.

MPI significantly correlated with the number of days of hospitalization during the 2-year follow-up,
and this observation was also confirmed when analyzing the correlation between MPI and the number
of hospitalizations per year. Based on these results, we believe that physicians should pay particular
attention to patients within MPI risk class 2 considering that these patients were those with the highest
number of hospitalizations per year. Interestingly, when considering each of the six domains comprised
in the MPI, all of them significantly correlated with the total number of days of hospitalization and
with hospitalizations per year. In particular, a high correlation was documented for the ADL and
hospitalizations. This observation appears novel in the literature considering that the majority of the
data available regarding ADL and outcomes, specifically on HD or PD, were focused on mortality [15]
and not on hospitalization rate. Frailty assessment was also shown to be useful for decision-making
among CKD patients on conservative care [16].

Moreover, ADL is a sensitive instrument in predicting frailty in the renal population, especially in
patients in HD, and among frail patients a significantly higher rate of hospitalization was observed [17].

In this light, our data are clinically important and potentially useful for physicians in assessing
the length of stay and the potential increased healthcare-related costs of patients with CKD and on
replacement therapy. During our follow-up, we confirmed the significant association between MPI
and mortality (number of deaths) for all the risk classes. Interestingly, all the patients identified at
baseline in MPI class 2 died during the 24-month follow-up. This highlights the clinical relevance
of the MPI in predicting mortality among patients with worse nutritional, cognitive, and functional
status as well as with negative medical and social factors. In this view, our data are in accordance with
the ones reported by others, where MPI risk classes were significantly associated with mortality in
patients with renal disease [5,18]. In particular, our results may add novel information on MPI and
outcomes, considering that they were obtained in a cohort of renal patients that included CKD patients
at different stages and patients on dialysis, although not equally distributed in each group, followed in
the same nephrology unit. This tool may be clinically useful to identify accurate and more adequate
management of patients with renal disease.

Our study focused on MPI and outcomes also in patients on replacement therapy, considering
the clinical relevance of predicting hospitalizations and survival in HD and PD patients. In this light,
recent data showed that HD patients with frailty incurred higher healthcare costs with respect to those
without frailty over a mean follow-up of 2.3 years [8]. In addition, we have previously shown that HD
patients may present neurological and psychological dysfunctions that were associated with impaired
quality of life [19]. Moreover, cognitive impairment was highly associated with a frail phenotype [20],
resulting in increased costs and early mortality [21].
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MPI calculation may also be important in PD patients to predict outcomes considering that, in this
setting, we have previously found some alterations of nutritional and metabolic status, specifically
among older adults (aged ≥65 years) [22].

Noteworthy is the fact that MPI includes, among others, the assessment of co-habitation status,
CIRS, and polypharmacy. In particular, the use of several medications represents a clinical issue highly
associated with poor prognosis during the course of several chronic diseases in the elderly [23].

In the systematic assessment of prognostic indices for all-cause mortality in older patients, the
MPI has been proved to be the only selected mortality index based on a multidimensional approach,
indicating the clinically relevant impact of the multidimensional derangement on the risk of mortality [5].
Interestingly, an approach that includes the assessment of several factors [5] appears challenging
and may potentially add important information for clinical care in the elderly population affected by
renal disease.

Our study has several limitations. We have included a highly heterogenous population consisting
of patients with both moderate CKD and end-stage renal disease. The number of the participants in
each group (in particular, in CKD patients in the stage 4–5 group and in the replacement group) was
small, and for this reason, we could not also analyze the associations among HD and PD separately.
We acknowledge that the epidemiology of the patients with CKD at earlier stage and of patients with
more advanced renal disease (CKD stage 5 and dialysis) is different, likely limiting the interpretation of
our results. Patients were also recruited from a single center. The implementation of MPI requires time
to complete the collection of information to calculate the score and, therefore, it may limit its feasibility
in clinical practice. More importantly, MPI is a tool using several items of self-reported information
that may not represent an objective assessment.

5. Conclusions

In the present study, MPI was significantly associated with hospitalization and mortality over
24-month follow-up in older adults with CKD on conservative treatment or renal replacement
therapy. This suggests that MPI may be clinically useful to assess prognosis in this setting and
that physicians should pay attention to a multidimensional evaluation aimed at reducing patients’
morbidity and mortality.

Author Contributions: Conceptualization, S.L. and A.M.; methodology, S.L., M.I.A., S.M., G.I., P.M. and A.M.;
software, A.G.; formal analysis, S.L., M.I.A., G.I., A.G. and A.M.; investigation, S.L., S.M., A.P.M. and F.A.;
writing—original draft preparation, S.L., M.I.A., G.I. and A.M.; writing—review and editing, S.L., S.M., G.B., P.M.
and A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Pyart, R.; Evans, K.M.; Steenkamp, R.; Casula, A.; Wong, E.; Magadi, W.; Medcalf, J. The 21st UK Renal
Registry Annual Report: A Summary of Analyses of Adult Data in 2017. Nephron 2019, 144, 59–66. [CrossRef]

2. United States Renal Data System. 2017 USRDS Annual Data Report: Epidemiology of kidney disease in
the United States. National Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases, Bethesda, MD, 2017. Available online: https://www.usrds.org/annual-data-report/previous-adrs
(accessed on 10 October 2020).

3. Lai, S.; Muscaritoli, M.; Andreozzi, P.; Sgreccia, A.; De Leo, S.; Mazzaferro, S.; Mitterhofer, A.P.; Pasquali, M.;
Protopapa, P.; Spagnoli, A.; et al. Sarcopenia and cardiovascular risk indices in patients with chronic kidney
disease on conservative and replacement therapy. Nutrition 2019, 62, 108–114. [CrossRef] [PubMed]

4. Angleman, S.B.; Santoni, G.; Pilotto, A.; Fratiglioni, L.; Welmer, A.-K.; on behalf of the MPI_AGE Project
Investigators. Multidimensional Prognostic Index in Association with Future Mortality and Number of
Hospital Days in a Population-Based Sample of Older Adults: Results of the EU Funded MPI_AGE Project.
PLoS ONE 2015, 10, e0133789. [CrossRef] [PubMed]

http://dx.doi.org/10.1159/000504851
https://www.usrds.org/annual-data-report/previous-adrs
http://dx.doi.org/10.1016/j.nut.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30875540
http://dx.doi.org/10.1371/journal.pone.0133789
http://www.ncbi.nlm.nih.gov/pubmed/26222546


J. Clin. Med. 2020, 9, 3965 9 of 10

5. Pilotto, A.; Panza, F.; Sancarlo, D.; Paroni, G.; Maggi, S.; Ferrucci, L. Usefulness of the multidimensional
prognostic index (MPI) in the management of older patients with chronic kidney disease. J. Nephrol. 2012, 25,
79–84. [CrossRef] [PubMed]

6. Pilotto, A.; Sancarlo, D.; Aucella, F.; Fontana, A.; Addante, F.; Copetti, M.; Panza, F.; Strippoli, G.F.; Ferrucci, L.
Addition of the Multidimensional Prognostic Index to the Estimated Glomerular Filtration Rate Improves
Prediction of Long-Term All-Cause Mortality in Older Patients with Chronic Kidney Disease. Rejuvenation Res.
2012, 15, 82–88. [CrossRef]

7. Pilotto, A.; Sancarlo, D.; Franceschi, M.; Yang, X.; D’Ambrosio, P.; Scarcelli, C.; Ferrucci, L. A multidimensional
approach to the geriatric patient with chronic kidney disease. J. Nephrol. 2010, 23.

8. Sy, J.; Streja, E.; Grimes, B.; Johansen, K.L. The Marginal Cost of Frailty among Medicare Patients on
Hemodialysis. Kidney Int. Rep. 2020, 5, 289–295. [CrossRef]

9. Pilotto, A.; Custodero, C.; Maggi, S.; Polidori, M.C.; Veronese, N.; Ferrucci, L. A multidimensional approach
to frailty in older people. Ageing Res. Rev. 2020, 60, 101047. [CrossRef]

10. Levey, A.S.; Coresh, J.; Greene, T.; Stevens, L.A.; Zhang, Y. (Lucy); Hendriksen, S.; Kusek, J.W.; Van Lente, F.;
for the Chronic Kidney Disease Epidemiology Collaboration. Using Standardized Serum Creatinine Values
in the Modification of Diet in Renal Disease Study Equation for Estimating Glomerular Filtration Rate.
Ann. Intern. Med. 2006, 145, 247–254. [CrossRef]

11. Lai, S.; Molfino, A.; Russo, G.E.; Testorio, M.; Galani, A.; Innico, G.; Frassetti, N.; Pistolesi, V.; Morabito, S.;
Fanelli, F.R. Cardiac, Inflammatory and Metabolic Parameters: Hemodialysis versus Peritoneal Dialysis.
Cardiorenal Med. 2015, 5, 20–30. [CrossRef]

12. Molfino, A.; Chiappini, M.G.; Laviano, A.; Ammann, T.; Bollea, M.R.; Alegiani, F.; Fanelli, F.R.; Molfino, A.
Effect of intensive nutritional counseling and support on clinical outcomes of hemodialysis patients. Nutrition
2012, 28, 1012–1015. [CrossRef] [PubMed]

13. Volpato, S.; Bazzano, S.; Fontana, A.; Ferrucci, L.; Pilotto, A. Multidimensional Prognostic Index Predicts
Mortality and Length of Stay During Hospitalization in the Older Patients: A Multicenter Prospective Study.
J. Gerontol. Ser. A Biol. Sci. Med Sci. 2014, 70, 325–331. [CrossRef] [PubMed]

14. Kallenberg, M.H.; Kleinveld, H.A.; Dekker, F.W.; Van Munster, B.C.; Rabelink, T.J.; Van Buren, M.;
Mooijaart, S.P. Functional and Cognitive Impairment, Frailty, and Adverse Health Outcomes in Older
Patients Reaching ESRD—A Systematic Review. Clin. J. Am. Soc. Nephrol. 2016, 11, 1624–1639. [CrossRef]
[PubMed]

15. McAdams-DeMarco, M.A.; Ying, H.; Olorundare, I.; King, E.A.; Haugen, C.; Buta, B.; Gross, A.L.; Kalyani, R.;
Desai, N.M.; Dagher, N.N.; et al. Individual Frailty Components and Mortality in Kidney Transplant
Recipients. Transplantation 2017, 101, 2126–2132. [CrossRef]

16. Villarreal, I.R.; Ortega, O.; Hinostroza, J.; Cobo, G.; Gallar, P.; Mon, C.; Herrero, J.C.; Ortiz, M.; Di Giogia, C.;
Oliet, A.; et al. Geriatric Assessment for Therapeutic Decision-Making Regarding Renal Replacement in
Elderly Patients with Advanced Chronic Kidney Disease. Nephron Clin. Pract. 2014, 128, 73–78. [CrossRef]

17. Lee, S.-Y.; Yang, D.H.; Hwang, E.; Kang, S.H.; Park, S.-H.; Kim, T.W.; Lee, D.H.; Park, K.; Kim, J.C.
The Prevalence, Association, and Clinical Outcomes of Frailty in Maintenance Dialysis Patients. J. Ren. Nutr.
2017, 27, 106–112. [CrossRef]

18. Sancarlo, D.; Pilotto, A.; Panza, F.; Copetti, M.; Longo, M.G.; D’Ambrosio, P.; D’Onofrio, G.; Ferrucci, L.;
Pilotto, A. A Multidimensional Prognostic Index (MPI) based on a comprehensive geriatric assessment
predicts short- and long-term all-cause mortality in older hospitalized patients with transient ischemic attack.
J. Neurol. 2011, 259, 670–678. [CrossRef]

19. Lai, S.; Molfino, A.; Mecarelli, O.; Pulitano, P.; Morabito, S.; Pistolesi, V.; Romanello, R.; Zarabla, A.; Galani, A.;
Frassetti, N.; et al. Neurological and Psychological Changes in Hemodialysis Patients before and after the
Treatment. Ther. Apher. Dial. 2018, 22, 530–538. [CrossRef]

20. McAdams-DeMarco, M.A.; Tan, J.; Salter, M.L.; Gross, A.L.; Meoni, L.A.; Jaar, B.G.; Kao, W.-H.L.; Parekh, R.S.;
Segev, D.L.; Sozio, S.M. Frailty and Cognitive Function in Incident Hemodialysis Patients. Clin. J. Am.
Soc. Nephrol. 2015, 10, 2181–2189. [CrossRef]

21. Foster, R.; Walker, S.; Brar, R.; Hiebert, B.; Komenda, P.; Rigatto, C.; Storsley, L.; Prasad, B.; Bohm, C.;
Tangri, N. Cognitive Impairment in Advanced Chronic Kidney Disease: The Canadian Frailty Observation
and Interventions Trial. Am. J. Nephrol. 2016, 44, 473–480. [CrossRef]

http://dx.doi.org/10.5301/jn.5000162
http://www.ncbi.nlm.nih.gov/pubmed/22641578
http://dx.doi.org/10.1089/rej.2011.1210
http://dx.doi.org/10.1016/j.ekir.2019.11.020
http://dx.doi.org/10.1016/j.arr.2020.101047
http://dx.doi.org/10.7326/0003-4819-145-4-200608150-00004
http://dx.doi.org/10.1159/000369588
http://dx.doi.org/10.1016/j.nut.2012.01.008
http://www.ncbi.nlm.nih.gov/pubmed/22554958
http://dx.doi.org/10.1093/gerona/glu167
http://www.ncbi.nlm.nih.gov/pubmed/25209253
http://dx.doi.org/10.2215/CJN.13611215
http://www.ncbi.nlm.nih.gov/pubmed/27342598
http://dx.doi.org/10.1097/TP.0000000000001546
http://dx.doi.org/10.1159/000363624
http://dx.doi.org/10.1053/j.jrn.2016.11.003
http://dx.doi.org/10.1007/s00415-011-6241-4
http://dx.doi.org/10.1111/1744-9987.12672
http://dx.doi.org/10.2215/CJN.01960215
http://dx.doi.org/10.1159/000450837


J. Clin. Med. 2020, 9, 3965 10 of 10

22. Lai, S.; Amabile, M.I.; Bargagli, M.B.; Musto, T.G.; Martinez, A.; Testorio, M.; Mastroluca, D.; Lai, C.; Aceto, P.;
Molfino, A.; et al. Peritoneal dialysis in older adults: Evaluation of clinical, nutritional, metabolic outcomes,
and quality of life. Medicine 2018, 97, e11953. [CrossRef] [PubMed]

23. Maher, R.L.; Hanlon, J.; Hajjar, E.R. Clinical consequences of polypharmacy in elderly. Expert Opin. Drug Saf.
2014, 13, 57–65. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/MD.0000000000011953
http://www.ncbi.nlm.nih.gov/pubmed/30170391
http://dx.doi.org/10.1517/14740338.2013.827660
http://www.ncbi.nlm.nih.gov/pubmed/24073682
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Calculation of the MPI at Baseline 
	Hospitalization and Mortality over the 24-Month Follow-Up 
	Statistical Analysis 

	Results 
	Patients’ Characteristics at Baseline 
	MPI Classes 
	24-Month Follow-Up and Clinical Characteristics 
	MPI and Hospitalization 
	MPI and Mortality 

	Discussion 
	Conclusions 
	References

