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Abstract A multicenter observational study, REPOSI

(REgistro POliterapie Società Italiana di Medicina Interna),

was conducted to assess the prognostic value of glomerular

filtration rate (eGFR) on in-hospital mortality, hospital re-

admission and death within 3 months, in a sample of

elderly patients (n = 1,363) admitted to 66 internal medi-

cine and geriatric wards. Based on eGFR, calculated by the

new Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) formula, subjects at hospital admission were

classified into three groups: group 1 with normal eGFR

(C60 ml/min/1.73 m2, reference group), group 2 with

moderately reduced eGFR (30–59 ml/min/1.73 m2) and

group 3 with severely reduced eGFR (\30 ml/min/

1.73 m2). Patients with the lowest eGFR (group 3) on

admission were more likely to be older, to have a greater

cognitive and functional impairment and a high rate of

comorbidities. Multivariable logistic regression analysis

showed that severely reduced eGFR at the time of admis-

sion was associated with in-hospital mortality (OR 3.00;

95 % CI 1.20–7.39, p = 0.0230), but not with re-hospi-

talization (OR 0.97; 95 % CI 0.54–1.76, p = 0.9156) or

mortality at 3 months after discharge (OR 1.93; 95 % CI

0.92–4.04, p = 0.1582). On the contrary, an increased risk

(OR 2.60; 95 % CI 1.13–5.98, p = 0.0813) to die within

3 months after discharge was associated with decreased

eGFR measured at the time of discharge. Our study dem-

onstrates that severely reduced eGFRs in elderly patients

admitted to hospital are strong predictors of the risk of

dying during hospitalization, and that this measurement at
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the time of discharge helps to predict early death after

hospitalization.

Keywords Multicenter study � In-hospital elderly

patients � Comorbidity � Polypharmacy � eGFR

Introduction

The worldwide progressive aging of the population resulted

in an increase in the prevalence of chronic diseases, many of

which are progressive and complex [1]. More than one-third

of individuals in the general population aged 70 years and

older have moderate to severe chronic kidney diseases

(CKD), and this often occurs in the elderly in association

with other chronic comorbid conditions such as athero-

sclerotic cardiovascular disease, heart failure, hypertension,

diabetes or cognitive impairment [2–4]. Because of this

high prevalence of chronic conditions and diminished life

expectancy, careful considerations of prognosis are partic-

ularly important for clinical decision-making in older

patients [5]. Elderly patients are at high risk for developing

CKD and multiple comorbidities contribute to kidney dys-

function [6, 7]. The age-related decline in GFR is consid-

ered as a part of the normal aging process and some studies

suggest that a moderate reduction in estimated GFR (eGFR)

does not substantially increase the risk of death in the

elderly [8, 9]. By contrast, it has been reported that reduced

eGFR is independently associated with an increased risk of

all-causes mortality and cardiovascular mortality in the

general population, including subjects 80 years of age or

older [10–12]. Serum creatinine is not an adequate marker

of kidney function because serum levels are affected by

several factors, including muscle mass, dietary protein

intake and renal tubular secretion. Estimate of GFR is

accepted as the best overall index of kidney function,

especially in older people whose reduced physical activity

and muscle sarcopenia may mask a decline in renal function

as measured by creatinine [13]. Even though the eGFR is

less accurate in the non-steady-state hospitalized patients,

the calculation of glomerular filtration with the available

formulas is clearly superior to serum creatinine [13, 14].

To our knowledge, the use of eGFR as prognostic

marker has not been investigated in older patients in the

acute care setting. The aim of this study was to explore in a

cohort of 1,363 patients 65 years of age or older whether

eGFR measured on admission to the hospital and at hos-

pital discharge, calculated by the newly validated Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI)

formula, is an independent predictor of (1) in-hospital

mortality, (2) hospital re-admission and (3) death within

3 months after discharge.

Patients and methods

Study setting, design and patient population

This study was conducted in 66 hospital wards representative

of the Italian internal and geriatric medicine wards, partici-

pating in the frame of ‘REgistro POliterapie SIMI’

(REPOSI). REPOSI is a collaborative and independent

registry organized by the Italian Society of Internal Medicine

(SIMI) and the IRCCS-Mario Negri Institute of Pharmaco-

logical Research in Milan. The design has been described in

details elsewhere [15]. Briefly, REPOSI was designed with

the purpose of creating a network of internal medicine and

geriatric wards to evaluate patients affected by multiple

diseases and prescribed with polypharmacy. All patients

aged 65 years or older admitted to the participating wards

during four seasonal periods that lasted 1 week each and

were separated each from the other by 3 months, were con-

secutively recruited. A standardized web-based case-report

form was filled up by the attending physician, including

socio-demographic factors, clinical parameters, diagnoses

and medications prescribed on hospital admission and at

discharge, plus events occurring during hospital stay. Three

months after hospital discharge, a telephone interview to the

patient or his/her relative was performed by a physician, to

collect data on mortality or any novel hospital admission. All

the data were revised and rechecked by a central monitor at

the IRCCS-Mario Negri Institute. The study was approved

by the Ethical Committee of the IRCCS Cà Granda Maggi-

ore, Policlinico Hospital Foundation, Milan.

All patients enrolled in the registry who had on admis-

sion to hospital and at discharge a serum creatinine mea-

surement were included in this study.

Serum creatinine concentrations were determined using

either the Jaffe or the enzymatic method, calibrated on the

isotope dilution mass spectroscopy—IDMS—for the esti-

mation of GFR.

We stratified their kidney function by eGFR using the

CKD-EPI formula [16], as it follows.

If female and if serum creatinine (SCr) B0.7 mg/dL:

CKD - EPI ¼ 144 � Scr mg/dLð Þ=0:7�0:329

� 0:993ageðyearsÞ

If female and if Scr [0.7 mg/dL:

CKD - EPI ¼ 144 � Scr mg/dLð Þ=0:7�1:209

� 0:993ageðyearsÞ

If male and if Scr B0.9 mg/dL:

CKD - EPI ¼ 141 � Scr mg/dLð Þ=0:9�0:411

� 0:993ageðyearsÞ

If male and if Scr 0.9 mg/dL:
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CKD - EPI ¼ 141 � Scr mg/dLð Þ=0:9�1:209

� 0:993ageðyearsÞ

This formula was preferred to the abbreviated MDRD

formula [16] [MDRD = 186 9 Scr (mg/dL)-1.154 9 age

(years)-0.203 9 0.742 (if female)] because it was validated

in a cohort of subjects with a larger range of age

(18–93 years), it was shown to be more accurate than

other formulas in predicting mortality risk and carries less

errors, especially at high eGFR values [16, 17].

The flow chart in Fig. 1 shows that individuals with

missing creatinine values (n = 13), those on dialysis

(n = 3) or with terminally illness (n = 1) were excluded,

leaving 1,363 participants in the final analysis. Patients

were classified into 3 groups according to their eGFR level

on hospital admission: group 1 with normal eGFR

(C60 ml/min/1.73 m2, reference group), group 2 with

moderately reduced eGFR (30–59 ml/min/1.73 m2) and

group 3 with severely reduced eGFR (\30 ml/min/

1.73 m2). To have a sufficiently high sample size, we chose

Patients 65 years or older
N = 1,380

Creatinine unavailable n = 13

Under dialysis n = 3

Terminal illness n = 1 

Study population
N = 1,363

On hospital eGFR*<30 ml/min/1.73m2 eGFR 30-59 ml/min/1.73m2 eGFR 60 ml/min/1.73m2

admission n = 169 n = 505 n = 689

Transferred n = 14 n = 41 n =62

In critical condition n = 4 n = 8 n = 7
at hospital discharge

Deceased n = 13 n =22 n =13

Lost at discharge n = 7 n = 8 n = 16

Pts discharged n = 131 n = 426 n = 591

Lost at follow-up n = 41 n = 108 n = 159

3-month n = 90 n = 318 n = 432
follow-up

Fig. 1 Flow chart of the study.

Asterisk denotes eGFR

calculated accordingto the

CKD-EPI equation [16]
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to define these three categories instead of the five stages of

CKD usually distinguished in clinical practice [13] [stage 1

normal or elevated GFR (C90 ml/min/1.73 m2), stage 2

mild reduced GFR (60–89 ml/min/1.73 m2), stage 3 mod-

erate reduced GFR (30–59 ml/min/1.73 m2), stage 4 severe

reduced GFR (15–29 ml/min/1.73 m2) and stage 5 kidney

failure (\15 ml/min/1.73 m2)].

Outcomes

The main study outcomes included in-hospital mortality,

hospital re-admission and death within 3 months after

discharge. Patients transferred to another ward (n = 117),

discharged in critical conditions (n = 19) or lost at dis-

charge (n = 31) were not included in the analysis. Re-

hospitalization and death within 3 months after discharge

were calculated in patients whose case-report form was

filled in the section dealing with the 3-month follow-up

(n = 840).

Baseline characteristics were compared across the dif-

ferent eGFR groups. The variables analyzed on admission

were: demographic data (age, sex, education, marital sta-

tus, caregiver and body mass index), clinical variables

including cognitive status (according to the Short Blessed

Test-SBT [18]), functional status (according to the Barthel

Index Scale [19]), systolic blood pressure, anemia (defined

according to the WHO criteria as hemoglobin concentra-

tion lower than 12 g/dL in women and 13 g/dL in men

[20]) and polypharmacy (defined as the concomitant

exposure to five or more different medications [21]).

Diagnoses on admission of cardiovascular diseases

(hypertension, diabetes, hypercholesterolemia, ischemic

heart disease, congestive heart failure, stroke and atrial

fibrillation) were identified based on the International

Classification of Disease, Ninth Revision ICD9 [22].

Comorbidity and severity indexes, according to the

Cumulative Illness Rating Scale (CIRS) [23] were calcu-

lated, excluding renal disease (class 9 in the CIRS scale).

The CIRS comorbidity index was computed by counting

the number of items for which moderate to severe illness

was reported (scores 3, 4 or 5) while overall illness severity

was represented by the mean of the 13 CIRS items.

Statistical analysis

Continuous variables were described using means and

standard deviations (SDs), medians, and upper and lower

quartiles to give a comprehensive view of the distributions,

while categorical variables were enumerated. To test if

patients’ characteristics in the three eGFR classes were

statistically different, numerical variables were compared

using the Kruskal-Wallis test and categorical variables

were analyzed using the Chi-square test.

Analysis was done using eGFR on admission and eGFR

at discharge separately.

Multivariable logistic regression analyses were con-

ducted to assess if eGFR was a predictive factor of hospital

mortality, re-hospitalization or mortality at 3-month fol-

low-up.

For each outcome, three hierarchical models were used

to study the effects of selected variables. For each outcome,

a univariable model was used, followed by two multivar-

iate models: in the first eGFR effect was adjusted for

demographic variables (age and sex), in the second model

by CIRS comorbidity index or the cardiovascular diseases

on admission as specified in the outcomes section.

We also looked at changes of eGFR during hospital stay,

defined according to three classes: no change (-10;

?10 ml/min/1.73 m2) i.e., patients having similar eGFR

values at discharge and admission; decrease (-100;

-10 ml/min/1.73 m2) i.e., patients whose eGFR worsened;

and increase (?10; ?100 ml/min/1.73 m2) i.e., patients

whose eGFR improved.

Robust standard errors were used to take into account

the non-independence of data within the same ward.

All statistical analyses were performed with the software

JMP Pro 10 (SAS Institute Inc.) and Stata IC 12.1 (Stata

Inc.).

Results

Patient’s characteristics

The eGFR distribution of the 1,363 patients on hospital

admission (baseline) is shown in Fig. 2: 689 (50.6 %)

patients were in the group 1, 505 (37.0 %) in the group 2

and 169 (12.4 %) in the group 3. The median creatinine
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Distribution of eGFR on admission

Fig. 2 Distribution of estimated glomerular filtration rate (GFR) on

admission to hospital. Median = 60.4 ml/min/1.73 m2 (range

41.7–80.0)
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concentration was 1.0 mg/dL (range 0.8–1.3) and the

median eGFR 60.4 ml/min/1.73 m2 (range 41.8–80.0). Of

the 1,363 enrolled patients, 1,148 (84.2 %) were dis-

charged alive from the participating wards. During follow-

up, 308 (22.6 %) were lost, thus 432 (31.7 %) in the group

1, 318 (23.3 %) patients in the group 2 and 90 (6.6 %)

patients in the group 3 completed the 3-month follow-up

and were included in the analysis.

Group 3, patients (35.5 %) were significantly more

dependent (mean Barthel score 65.4) than patients in the

other groups. Ninety-five patients (58.3 %) had a greater

cognitive impairment consistent with dementia according

to a SBT score between 10 and 28. Polypharmacy was

more prevalent among patients with moderately and

severely reduced eGFR. The proportion of patients on

diuretics or renin-angiotensin system inhibitors/blockers

Table 1 Socio-demographic and clinical characteristics of the study population on admission to hospital

Variables Patients in whom eGFR was calculated (n = 1,363)

eGFR ml/min/1.73 m2 \30 (n = 169) 30–59 (n = 505) C60 (n = 689) p valuea (n = 1,363)

Female, n (%) 85 (50.3) 279 (55.3) 326 (47.3) 0.0250

Age (years), mean (SD) 81.8 (7.6) 80.9 (7.1) 77.0 (6.8) \0.0001

Age class (year), n (%)

65–74 34 (20.1) 106 (21.0) 282 (40.9) \0.0001

75–84 75 (44.4) 248 (49.1) 320 (46.4)

C85 60 (35.5) 151 (29.9) 87 (12.6)

Education (years), mean (SD) 6.9 (4.0) 7.2 (4.2) 7.0 (3.9) 0.5400

Married, n (%) 72 (42.6) 243 (48.7) 406 (59.2) \0.0001

Caregiver, n (%) 106 (63.9) 300 (59.6) 359 (52.6) 0.0070

Body mass index (BMI), mean (SD) 26.8 (5.0) 25.8 (5.3) 26.0 (4.9) 0.0760

Short blessed test (SBT), mean (SD) 12.1 (8.7) 10.7 (8.4) 8.8 (7.7) \0.0001

Normal SBT (0–4), n (%) 42 (25.8) 156 (31.5) 253 (38.0) 0.0020

Moderate SBT (5–9), n (%) 26 (16.0) 87 (17.6) 128 (19.2)

Severe SBT (10–28), n (%) 95 (58.3) 252 (50.9) 285 (42)

Hospitalization in the last 6 months, n (%) 62 (36.7) 158 (31.3) 201 (29.1) 0.1670

Renal failure as cause of hospitalization, n (%) 12 (7.1) 4 (0.8) 0 \0.0001

Length of stayb (days), mean (SD) 12.6 (8.8) 10.8 (7.9) 10.4 (8.2) 0.0130

Barthel index score, mean (SD) (range 0–100) 65.4 (35.5) 75.9 (30.7) 80.1 (28.8) \0.0001

Patients taking 5 or more drugs, n (%) 117 (69.2) 309 (61.2) 367 (53.3) 0.0002

Systolic blood pressure (mmHg), mean (SD) 130.6 (24.9) 133.4 (23.0) 134.8 (20.8) 0.0810

Anemia, n (%) 123 (72.8) 288 (57.3) 335 (48.6) \0.0001

Mild anemia, n (%) 69 (40.8) 190 (37.8) 240 (34.8) 0.2770

Comorbidities

Severity index, mean (SD) 1.7 (0.3) 1.7 (0.3) 1.6 (0.3) \0.0030

Comorbidity index, mean (SD) 3.0 (1.7) 3.0 (1.7) 2.6 (1.6) \0.0020

Number of diagnosis on admission, mean (SD) 6.9 (3.1) 5.9 (2.9) 5.4 (2.6) \0.0001

Patients with 5 or more diagnosis, n (%) 134 (79.3) 331 (65.5) 409 (59.3) \0.0001

Cardiovascular diseases defined by ICD9

205 diabetes, n (%) 52 (30.8) 143 (28.3) 176 (25.5) 0.3030

401 hypertension, n (%) 143 (84.6) 399 (79.0) 505 (73.2) 0.0020

428 congestive heart failure, n (%) 50 (29.6) 98 (19.4) 82 (11.9) \0.0001

272 hypercholesterolemia, n (%) 14 (8.3) 33 (6.5) 74 (10.7) 0.0380

411–414 ischemic heart disease, n (%) 56 (33.1) 119 (23.6) 131 (19.0) 0.0005

430–438 stroke, n (%) 30 (17.8) 118 (23.4) 127 (18.4) 0.0790

427 atrial fibrillation, n (%) 51 (30.2) 133 (26.3) 147 (21.3) 0.0220

a Chi-square test for categorical variable o Kruskal-Wallis test for numerical variable
b Number of patients with details not available n = 88
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rose with decreasing eGFR (p \ 0.0001 and p \ 0.034,

respectively). The proportion of patients with comorbidity

on admission increased with decreasing eGFRs. Patients

with reduced eGFRs had a higher rate of such cardiovas-

cular diseases as hypertension, diabetes, anemia, conges-

tive heart failure, ischemic heart disease, stroke and atrial

fibrillation, but hypercholesterolemia was more prevalent

in the reference group. Table 1 shows the socio-demo-

graphic and clinical characteristics of patients in each

eGFR group.

Outcomes

In-hospital mortality

Using as reference the patient group with eGFR C60

ml/min/1.73 m2, a reduced eGFR was associated with a

significantly higher in-hospital mortality by univariable

analysis. Odds ratio for in-hospital mortality in patients

of group 3 was 4.51 (95 % CI 1.80–11.29) and 2.34

(95 % CI 1.42–3.87) in group 2 patients. Multivariable

analysis adjusting for age and sex (model 1) or for age,

sex and CIRS on admission (model 2) showed that group

3 patients had a higher risk to die during hospitalization,

compared with group 2 patients (Table 2).

Post-hospital mortality

By univariable analysis, severely reduced eGFRs on hos-

pital admission were significantly associated with 3-month

post-hospital mortality (OR = 2.56, 95 % CI 1.27–5.14),

but the statistical significance of the association was lost

after adjusting for age, sex, and CIRS on admission

(Table 3). In the multivariable logistic regression analyses

(after adjustment for age, sex and cardiovascular profile on

admission), a severely reduced eGFR was associated with

the risk of death within 3 months (OR = 2.60, 95 % CI

1.13–5.98), whereas moderately reduced eGFR was not.

When the association between eGFR at hospital discharge

[in those patients in whom creatinine was available,

n = 799 (95.1 %)] and mortality at 3 months was ana-

lyzed, the adjusted odds ratio for patients in group 3 with

severely reduced eGFR was 2.62 (95 % CI 1.16–5.95) in

model 1 and 2.60 (95 % CI 1.13–5.98) in model 2 [adjusted

Table 2 Estimated glomerular filtration rate (eGFR) on admission and risk of in-hospital mortality

eGFR Univariable Multivariable model 1 Multivariable model 2

OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Group 3 4.51 (1.80–11.29) 0.0003 3.11 (1.26–7.67) 0.0159 3.00 (1.20–7.39) 0.0230

Group 2 2.34 (1.42–3.87) 1.73 (1.05–2.88) 1.67 (1.01–2.76)

Group 1 1 1 1

Age mean (SD) 1.09 (1.05–1.13) 0.0001 1.09 (1.06–1.13) \0.0001 1.09 (1.05–1.12) \0.0001

Sex (female) 0.64 (0.32–1.25) 0.1930 0.47 (0.24–0.95) 0.0350 0.51 (0.27–0.94) 0.0310

CIRS mean (SD) 1.32 (1.05–1.65) 0.0160 1.24 (1.05–1.47) 0.0600

Multivariable model 1 adjusted by sex and age

Multivariable model 2 adjusted by sex, age and CIRS on admission

Confidence intervals calculated taking into account the non-independence of data within the same ward

Table 3 Estimated glomerular filtration rate (eGFR) on admission and risk of 3-month mortality

eGFR Univariable Multivariable model 1 Multivariable model 2

OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Group 3 2.56 (1.27–5.14) 0.0305 1.94 (0.93–4.03) 0.1568 1.93 (0.92–4.04) 0.1582

Group 2 1.03 (0.62–1.70) 0.86 (0.51–1.46) 0.84 (0.50–1.43)

Group 1 1 1 1

Age mean (SD) 1.06 (1.03–1.10) 0.0010 1.07 (1.03–1.11) \0.0001 1.07 (1.03–1.11) \0.0001

Sex (female) 0.60 (0.37–0.96) 0.0330 0.49 (0.29–0.82) 0.0070 0.49 (0.29–0.84) 0.0090

CIRS mean (SD) 1.11 (0.99–1.26) 0.0820 1.09 (0.96–1.23) 0.2010

Multivariable model 1 adjusted by sex and age

Multivariable model 2 adjusted by sex, age and CIRS on admission

Confidence intervals calculated taking into account the non-independence of data within the same ward
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for age, sex and CIRS at discharge (Table 4)]. Moderately

reduced eGFR at discharge was not associated with mor-

tality at 3-month follow-up.

Hospital re-admission

eGFR did not predict the risk of hospital re-admission both

using the value of eGFR obtained on hospital admission

(Table 5) or at discharge.

Sensitivity analysis

In two-third of patients (n = 534) mean eGFR did not

change during hospital stay (64.2 ± 23.9 on admission;

63.4 ± 23.6 ml/min/1.73 m2 at discharge) and in approxi-

mately one-fifth (n = 85) decreased from 70.4 ± 16.7 to

50.8 ± 16.5 ml/min/1.73 m2). In patients (n = 179;

22.4 %) whose mean eGFR improved during hospital stay

(44.9 ± 14.4 ml/min/1.73 m2 on admission; 67.8 ±

16.6 ml/min/1.73 m2 at discharge) a 50 % reduction of re-

hospitalization risk (OR = 0.49; 95 % CI 0.28–0.84;

p = 0.0254) was found. No effects were observed on

3-month mortality (p = 0.2136).

Discussion

In a nationally representative sample of elderly patients

aged 65 or older, admitted acutely to internal medicine or

geriatric wards, there was an association between severely

reduced eGFRs and increased risk to die during hospi-

talization. In the meta-analysis conducted by the CKD-

PC, eGFR \60 ml/min/1.73 m2 was associated with

increased hazard ratio for all cause mortality among

individuals \65 and C65 years of age [10], but this

finding was obtained in a non-hospitalized population. To

our knowledge, the present study is the first to evaluate

eGFR as predictor of in-hospital mortality in elderly

people, and to find that the association of severely

reduced eGFR with mortality remains statistically signif-

icant even after adjustment for confounders, whereas

moderately reduced eGFRs are not.

Table 4 Estimated glomerular filtration rate (eGFR) on hospital discharge and risk of 3-month mortality

eGFR Univariable Multivariable model 1 Multivariable model 2

OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Group 3 3.24 (1.46–7.21) 0.0155 2.62 (1.16–5.95) 0.0681 2.60 (1.13–5.98) 0.0813

Group 2 1.44 (0.90–2.29) 1.32 (0.81–2.15) 1.28 (0.79–2.08)

Group 1 1 1 1

Age mean (SD) 1.06 (1.03–1.10) 0.0010 1.06 (1.02–1.10) 0.0020 1.06 (1.02–1.10) 0.0020

Sex (female) 0.60 (0.37–0.96) 0.0330 0.43 (0.26–0.70) 0.0010 0.43 (0.26–0.70) 0.0270

CIRS mean (SD) 1.16 (1.03–1.31) 0.0160 1.14 (1.01–1.27) 0.0810

Multivariable model 1 adjusted by sex and age

Multivariable model 2 adjusted by sex, age and CIRS at discharge

Confidence intervals calculated taking into account the non-independence of data within the same ward

Table 5 Estimated glomerular filtration rate (eGFR) on admission and risk of hospital re-admission

eGFR Univariable Multivariable model 1 Multivariable model 2

OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

Group 3 0.87 (0.46–1.67) 0.8287 0.97 (0.50–1.80) 0.8176 0.97 (0.54–1.76) 0.9156

Group 2 1.02 (0.73–1.43) 1.08 (0.73–1.61) 1.05 (0.73–1.51)

Group 1 1 1 1

Age mean (SD) 0.98 (0.95–1.01) 0.1630 0.97 (0.95–1.00) 0.0790 0.97 (0.94–0.99) 0.0420

Sex (female) 1.22 (0.87–1.70) 0.2066 1.30 (0.94–1.78) 0.1010 1.34 (0.98–1.84) 0.0690

CIRS mean (SD) 1.13 (1.02–1.25) 0.0130 1.16 (1.04–1.28) 0.0090

Multivariable model 1 adjusted by sex and age

Multivariable model 2 adjusted by sex, age and CIRS on admission

Confidence intervals calculated taking into account the non-independence of data within the same ward
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Some studies show that a moderate reduction in eGFR

does not substantially increase the risk of death in the

elderly. In a cohort of non-hospitalized subjects O’Hare

and colleagues [8] demonstrate that in all age groups a

severe eGFRs reduction (defined as 15 ml/min/1.73 m2 or

less) is associated with an increased risk of death, while

moderate reductions (defined as 50–59 ml/min/1.73 m2)

are not. Similarly Raymond et al. [9] demonstrate in the

frame of a community-dwelling UK cohort that elderly

patients more than 75 years old, with mild to moderate

CKD (defined by eGFR of 45–59 ml/min/1.73 m2), have

no increased risk of death compared with the reference

group. However, the comparison of hazards ratio between

subgroups of the same population with different baseline

risk for outcome, needs to be undertaken with caution.

In this study, the proportions of patients with comor-

bidities (defined by the mean comorbidity-severity index or

the number of diagnoses on admission), increased with

worsening eGFRs, similarly to Gullion et al. [24] who

demonstrate that subjects with CKD have higher rates of

comorbidities than randomly selected age- and sex-mat-

ched comparators without CKD. The proportion of our

patients with a greater cognitive impairment increased with

reducing eGFR and 58.3 % (n = 95) of those in group 3

had a short Blessed Test score consistent with dementia.

These findings are in broad agreement with those of Ku-

rella et al. [3] who demonstrate that an eGFR\60 ml/min/

1.73 m2 is associated with an increased risk of cognitive

impairment in a large cohort of community-dwelling

elderly individuals. Recently eGFR has been intensively

investigated as a cardiovascular risk in the general popu-

lation. Shilpak et al. [4] conclude that renal insufficiency is

common in the elderly and is independently associated

with clinical and subclinical cardiovascular diseases and an

elevated cardiovascular risk [25]. As for other studies, our

data suggest that such cardiovascular diseases like hyper-

tension, diabetes, congestive heart failure, ischemic heart

disease, stroke and atrial fibrillation are progressively

increasing in frequency with the degree of renal impair-

ment. On the contrary, hypercholesterolemia is more fre-

quent in the reference group, perhaps as a consequence of

less use of drugs affecting lipid metabolism.

When the risk of dying within 3 months after hospital

discharge was analyzed in models adjusting by age, sex and

CIRS index on admission (Table 3), there was no associ-

ation with a reduced eGFR on admission to hospital. After

adjustment for cardiovascular diseases severely reduced

eGFR on admission remained an independent predictor for

mortality within 3 months after hospital discharge.

Although CIRS provides a valuable tool for characterizing

multiple comorbidities, and for quantitative measure of

physical illness in the elderly [23], single items do not

distinguish diseases with a higher risk of poor outcomes

such as ischemic heart disease, atrial fibrillation or con-

gestive heart failure from less severe conditions, all

included in the same category. This may justify the dif-

ferent results obtained using different models. On the other

hand, several studies find an association between decreased

eGFR (\60 ml/min/1.73 m2) on admission to hospital and

long-term mortality after hospital discharge in selected

patients with cardiovascular diseases [26–28], but infor-

mation obtained in elderly people is still poor [29]. The

long-term follow-up and the risk of adverse events in

patients with cardiovascular diseases after hospital dis-

charge could account for the variability of results when

those findings are compared with ours.

The GFR was also estimated in patients discharged alive

from hospital. The predictive power of severely reduced

eGFR for mortality during the 3-month follow-up was

marginally significant in the different adjusted model,

whereas a moderately reduced eGFR was not. These find-

ings support the views that eGFRs are less accurate for

prognosis in the acute non-steady-state conditions [13].

They suggest that estimation of GFR in elderly patients

when the acute event leading to hospitalization has been

controlled is a better predictor of early mortality after

hospital discharge than eGFR at the time of hospital

admission.

Further studies are needed to understand the implica-

tions of the association between reduced eGFR on admis-

sion to hospital and long-term outcomes.

Although several studies conclude that some specific

diseases affect the risk of re-admission of elderly people to

hospital, there is no agreement on which of them are par-

ticularly relevant [30, 31]. In one of our previous studies,

vascular and liver disease (as defined by CIRS index) was

associated with hospital re-admission [32]. In the present

study, no association was found between eGFR and the

likelihood of hospital re-admission. In agreement with

previous observations on the predictive role of comorbid-

ities, the CIRS index was significantly associated with the

risk of hospital re-admission.

Strengths and limitations

A strength of the REPOSI study is its multicenter design

resulting in a representative sample of the hospitalized

population of elderly people in Italy. Moreover, the

inclusion of patients during four periods of 4 weeks (one

per season) enabled balancing the effect of seasons on

acute diseases and on hospitalization. Data collection by

physician could include some variables often omitted in

epidemiological studies, such as illness severity, functional

and cognitive patient’ status, physical and social charac-

teristics of the patients.
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A limitation is that this study was not specifically

designed to evaluate eGFRs as a predictor of mortality and

hospital re-admission. Moreover, we did not measure uri-

nary albumin or protein excretion, which contributes to an

accurate diagnosis of CKD and its severity [13]. The per-

formance of serum creatinine-based formulas for GFR

estimation has been challenged [33]. Thus, the use of

estimated rather than measured GFR might have reduced

the power of our analyses to detect the relationships

between eGFR and considered outcome. However, finding

that eGFR retained an independent predictive value despite

this limitation, provides additional evidence of the

robustness of study results. Another limitation is that the

3-month follow-up was not available in all the patients. In

addition, this short follow-up did not allow the assessment

of the association between eGFR and long-term mortality,

as done by other studies where the median follow-up was at

least 2 years [10]. It should also be stressed that decisions

regulating the admission to hospital of elderly subjects vary

from hospital to hospital and that often the selection of

patients is regulated by local policies and availability of

community services. Finally, since this was an observa-

tional study, not a clinical trial, the associations we

reported cannot be interpreted as indicative of a causal role

of eGFR on mortality.

Conclusive comments

One of the major consequences of the ongoing demo-

graphic changes and population aging is the increased co-

occurrence of multiple diseases, which result in an

increasing number of patients with multimorbidity being

hospitalized in internal medicine and geriatric wards.

Therefore, clinicians, patients and caregivers do need

prognostic indexes to modulate in the elderly clinical

management and health care plans, which become partic-

ularly complex in patients not only affected by the acute

diseases leading to hospitalization, but also by multiple

concomitant chronic conditions. What our findings add to

the growing evidence of the deleterious effects of reduced

eGFRs, is that severely reduced eGFRs at the time of

hospital admission in patients 65 years or older are strong

predictor of the risk of death during hospitalization,

whereas moderately reduced eGFR is not. Moreover,

reduced eGFR as measured at the time of discharge helps

to predict short-term post-hospitalization death.

Acknowledgments The REPOSI study is a network of Italian

Internal Medicine and Geriatric hospital wards who on a voluntary

basis and without any financial support agreed to participate in data

collection during the four index weeks.

Conflict of interest We declare that the work is original and that all

authors meet the criteria for authorship, including acceptance of

responsibility for the scientific content of the manuscript as stated also

in appendix. The authors declare that they have no competing

interests.

Appendix

Steering Committee: Pier Mannuccio Mannucci (Chair,
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Palermo), Alessandra Marengoni (Spedali Civili di Bre-

scia, Brescia), Alfonso Iorio (McMaster University, Ham-

ilton, Canada), Maura Marcucci (McMaster University,

Hamilton, Canada).

Clincal data monitoring and revision: Eleonora

Sparacio, Stefania Alborghetti, Rosa Di Costanzo (Istituto

di Ricerche Farmacologiche ‘‘Mario Negri’’, Milano).

Database Management and Statistics: Mauro Tetta-

manti, Codjo Djignefa Djade (Istituto di Ricerche Farma-

cologiche ‘‘Mario Negri’’, Milano).

Investigators: Domenico Prisco, Elena Silvestri, Cate-

rina Cenci, Tommaso Barnini (Azienda Ospedaliero Uni-

versitaria Careggi Firenze, SOD Patologia Medica);

Giuseppe Delitala, Stefano Carta, Sebastiana Atzori (Azi-

enda Mista Ospedaliera Universitaria, Sassari, Clinica

Medica); Gianfranco Guarnieri, Michela Zanetti, Annalisa

Spalluti (Azienda Ospedaliera Universitaria Ospedali Ri-

uniti di Trieste, Trieste, Clinica Medica Generale e Tera-

pia Medica); Maria Grazia Serra, Maria Antonietta Bleve

(Azienda Ospedaliera ‘‘Cardinale Panico’’ di Tricase,
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Vella, Alessandro Marseglia, Chiara Valentina Luglio

(Azienda Ospedaliero-Universitaria Consorziale Policli-

nico di Bari, Bari, Medicina Interna Universitaria C.

Frugoni); Giuseppe Palasciano, Maria Ester Modeo,

Annamaria Aquilino, Pallante Raffaele (Azienda Ospedal-

iero-Universitaria Consorziale Policlinico di Bari, Bari,

Medicina Interna Ospedale ‘‘Pende-Ferrannini’’); Stefania

Pugliese, Caterina Capobianco (Azienda Ospedaliero-Uni-

versitaria Consorziale Policlinico di Bari, Bari, Clinica

Medica I Augusto Murri); Alfredo Postiglione, Maria

Rosaria Barbella, Francesco De Stefano (Azienda Ospe-

daliera Universitaria Policlinico Federico II di Napoli,

Medicina Geriatrica Dipartimento di Clinica Medica);

Luigi Fenoglio, Chiara Brignone, Christian Bracco, Alessia

Giraudo (Azienda Sanitaria Ospedaliera Santa Croce e

Carle di Cuneo, Cuneo, S. C. Medicina Interna); Giuseppe

Musca, Olga Cuccurullo (Azienda Sanitaria Provinciale di

Cosenza Presidio Ospedaliero di Cetraro, Cosenza, Unità
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Salute, Torino, Medicina Interna 5); Giacomo Fera, Maria

Loreta Di Luca, Donatella Renna (Ospedale San Giacomo
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