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Abstract
Introduction Reduced estimated creatinine clearance (eCrCl) is prevalent in older patients and impacts on drug prescription. 
In this study, the burden of eCrCl reduction and its associated factors and impact on outcomes were analyzed. Moreover, the 
rate of inappropriate drug prescription according to eCrCl and its impact on outcomes were described.
Methods Data were obtained from “REgistro POliterapie SIMI” (REPOSI), a prospective observational register enrolling 
hospitalized patients aged ≥ 65 years. Patients enrolled from 2010–2016 with available data to calculate eCrCl according to 
the Cockcroft–Gault formula were included in this analysis.
Results A total of 5046 patients were available for analysis. Among these, we found an eCrCl of 45–59 mL/min in 1163 
patients (23.0%), an eCrCl of 30–44 mL/min in 1128 (22.4%), an eCrCl of 15–29 mL/min in 702 (13.9%), and an eCrCl < 15 
mL/min in 152 (3.0%), with several clinical factors associated with decreasing eCrCl. During follow-up, a progressively 
higher risk for all-cause death, cardiovascular (CV) death, any death/re-hospitalization, and CV death/re-hospitalization was 
found across the renal function classes. Among patients with hypertension, diabetes mellitus, atrial fibrillation, coronary 
artery disease, and heart failure, 476 (10.9%) were inappropriately prescribed medications according to eCrCl. During follow-
up, inappropriate prescription was associated with increased risk of all-cause death (odds ratio [OR] 1.49, 95% confidence 
interval [CI] 1.13–1.97) and any death/re-hospitalization (OR 1.30, 95% CI 1.03–1.63).
Conclusions In older hospitalized patients, impaired eCrCl is prevalent and associated with several factors, polypharmacy 
in particular. Patients with reduced eCrCl have a higher risk of major clinical outcomes, and > 10% of them are prescribed 
an inappropriate drug, with a higher risk for major clinical outcomes.
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Key Points 

In elderly hospitalized patients reduced eGFR confers a 
higher risk for outcomes

Over 10% are prescribed with an inappropriate drug due 
to their renal function

Use of inappropriate drugs for renal function confers a 
higher risk for outcomes

1 Introduction

Several epidemiological studies have shown an increased 
prevalence of reduced estimated creatinine clearance (eCrCl) 
in older adults. Histological lesions associated with renal 
function reduction in ageing are due to glomerular sclerosis, 
tubular atrophy, and vascular damage with arteriolosclero-
sis. The result of these abnormalities, independent of the 
cause, leads to decreased glomerular filtration rate (GFR) 
with onset of chronic kidney disease (CKD) [1]. In older 
individuals, CKD is recognized as one of the main comor-
bidities, associated with an impaired clinical and functional 
status [2, 3], increased hospitalization, and a higher risk of 
major clinical outcomes [4, 5].

In clinical practice, older adult CKD patients have under-
lying pathologies that require polypharmacy [6], the man-
agement of which is in turn made difficult by the co-exist-
ence of CKD.

Prescribing drugs to CKD patients is a delicate and com-
plex task, since renal disease has numerous effects on phar-
macokinetics [7]. Moreover, polypharmacy is very common 
in older patients, and this is often the cause for higher mor-
bidity and mortality. Hence, the concomitance of these two 
conditions can complicate medication management; indeed, 
under the various eCrCl thresholds, some drugs might need 
dosage adjustment, whereas others might be contraindicated. 
A careful evaluation of the GFR is necessary in drug pre-
scription in order to preserve the therapeutic effects while 
avoiding drug toxicity [8], given the impact of eCrCl on 
drug elimination, metabolism, absorption, and distribution 
[9]. Such consequences could be of particular importance in 
hospitalized patients, in which inappropriate drug prescrip-
tion related to GFR can affect outcomes, costs, and hospital 
length of stay (LoS).

On the basis of this background, the aims of the present 
study were (1) to describe clinical and functional status 
according to renal function classes and clinical determi-
nants of creatinine clearance in a cohort of older hospitalized 

patients; (2) to evaluate the impact of progressively decreas-
ing renal function on the occurrence of major clinical 
outcomes; and (3) to assess, in the context of a cohort of 
patients burdened with a significant risk of adverse outcomes 
related to the presence of impaired eCrCl, the prevalence of 
inappropriate prescription according to eCrCl and to evalu-
ate clinical outcomes according to appropriate/inappropriate 
prescription on the basis of eCrCl. To achieve these aims, we 
performed an analysis of patients enrolled in the “REgistro 
POliterapie SIMI” (REPOSI), according to their baseline 
eCrCl.

2  Methods

REPOSI is a multicenter collaborative observational register 
based on the participation of a representative network of 
internal medicine and geriatric wards in Italy. Full details 
about the register’s design, specific aims, and main results 
have been reported elsewhere [10, 11]. REPOSI was held in 
3 non-consecutive years (2008, 2010, and 2012) and then 
annually from 2014 onwards. Data collection was performed 
quarterly during an index week for each of the year’s sea-
sons (i.e., February, June, September, and December). All 
patients consecutively admitted to each participating ward 
were considered as eligible in the study if they were ≥ 65 
years old and gave written consent to participate. Data were 
entered into an electronic case report form, considering a 
minimum data set of variables to be included as compulsory, 
with the aim to maximize the participation of the satellite 
sites and reduce the workflow burden. Concomitant diagno-
ses made at hospital admission were coded according to the 
International Classification of Diseases-9th Edition (ICD-9) 
system (see the “eMethods” section in the electronic sup-
plementary material). Medication use at admission and dis-
charge was assessed according to the Anatomic Therapeutic 
Chemical (ATC) Classification System. The study protocol 
was first approved by the ethics committee of the promoting 
center and then by each enrolling site and the local commit-
tees. REPOSI was conducted according to Good Clinical 
Practice recommendations and the Declaration of Helsinki.

For the purposes of this analysis, we considered all 
patients with available data needed for calculation of eCrCl 
enrolled from 2010 to 2017. The eCrCl was calculated 
according to the Cockcroft–Gault formula [12] using serum 
creatinine values routinely measured at the time of hospi-
tal admission. Furthermore, we considered renal function 
classes according to clinical guidelines [1]: (1) ≥ 60 mL/
min, (2) 45–59 mL/min, (3) 30–44 mL/min, (4) 15–29 mL/
min, and (5) < 15 mL/min.
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2.1  Inappropriate Prescription According to Renal 
Function Classes

In order to substantiate the analysis of drug prescription 
according to renal function classes, we decided to focus on 
the five most prevalent comorbidities in the study cohort, 
for which the pharmacological therapy included drugs that 
could be contraindicated according to renal function. For 
each condition, according to clinical guidelines and their 
summary of product characteristics (SPCs), we defined those 
drugs that were contraindicated according to renal function 
classes (eTable 1 in the electronic supplementary material).

More details about baseline characteristics, definitions, 
follow-up procedures, and statistical analysis have been 
reported in the “eMethods”.

3  Results

Among the 5671 patients enrolled in the REPOSI study 
from 2010 to 2017, 5046 (89.0%) had available data to 
calculate eCrCl according to the Cockcroft–Gault formula 
upon hospital admission. Among them, 1901 patients 
(37.7%) had an eCrCl of ≥ 60 mL/min, 1163 (23.0%) an 
eCrCl of 45–59 mL/min, 1128 (22.4%) an eCrCl of 30–44 
mL/min, 702 (13.9%) an eCrCl of 15–29 mL/min, and 152 
(3.0%) an eCrCl of < 15 mL/min. Follow-up data were 
available for 4164 (82.5%) patients. A flow chart detail-
ing the numbers of patients included is available in the 
supplementary materials (see eFigure 1 in the electronic 
supplementary material). Comparing those patients with 

Table 1  Baseline characteristics according to renal function classes expressed as estimated creatinine clearance

Italic numbers refer to the patients with data available for the specific variable. Subscript letters in the various sub-columns refer to the Bonfer-
roni correction for multiple comparisons. Same letters identify the absence of statistical differences between proportions in the sub-columns, 
conversely different letters identify a statistical difference between proportions in the sub-columns at p < 0.05
BMI body mass index, CIRS Cumulative Illness Rating Scale, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, CrCl 
creatinine clearance, GDS Geriatric Depression Scale, IC Index of Comorbidity, IQR interquartile range, IS Index of Severity, PAD peripheral 
artery disease, SBT Short Blessed Test, TIA transient ischemic attack

N = 5046 ≥ 60 mL/min
N = 1901

45–59 mL/min
N = 1163

30–44 mL/min
N = 1128

15–29 mL/min
N = 702

< 15 mL/min
N = 152

P

Age, years median [IQR] 75 [70–80] 80 [74–84] 83 [78–87] 85 [80–93] 84 [77–88] < 0.001
Female sex, n (%) 835 (43.9)a 598 (51.4)b 639 (56.6)b,c 414 (59.0)c 79 (52.0)a,b,c < 0.001
BMI, kg/m2 median [IQR] 26.8 [24.2–30.4] 25.0 [22.7–27.9] 24.6 [21.9–27.7] 24.0 [21.3–26.9] 23.2 [20.8–25.9] < 0.001
CrCl, mL/min median [IQR] 77.2 [67.0–92.3] 52.3 [48.6–56.1] 37.7 [33.7–41.5] 24.2 [20.3–27.3] 11.3 [8.7–13.0] < 0.001
CIRS-IS, median [IQR] 5037 1.61 [1.38–1.77] 1.61 [1.38–1.85] 1.69 [1.46–1.92] 1.77 [1.54–2.00] 1.85 [1.61–2.00] < 0.001
CIRS-IC, median [IQR] 5037 3 [2–4] 3 [2–4] 3 [2–5] 3 [2–5] 4 [3–4] < 0.001
SBT, median [IQR] 4552 6 [2–10] 6 [2–14] 8 [4–14] 8 [4–14] 10 [2–15] < 0.001
GDS-4, median [IQR] 4223 1 [0–2] 1 [0–2] 1 [1–2] 1 [1–2] 1 [0–3] < 0.001
Barthel index, median [IQR] 3614 94 [77–100] 92 [73–100] 90 [68–100] 85 [64–100] 80 [58–100] < 0.001
Smoking habit, n (%) 4946 944 (50.6)a 510 (44.4)b 499 (45.2)b 276 (40.4)b 60 (40.8)a,b < 0.001
Alcohol habit, n (%) 4931 865 (46.6)a 510 (44.7)a 488 (44.4)a 287 (41.7)a 56 (37.8)a 0.087
Previous admissions, n (%) 576 (30.3)a 391 (33.6)a 376 (33.3)a 282 (40.2)b 69 (45.4)b < 0.001
Hypertension, n (%) 1358 (71.4)a 907 (77.5)b 910 (80.7)b,c 596 (84.9)c 133 (87.5)c,d < 0.001
Diabetes, n (%) 550 (28.9)a 315 (27.1)a 319 (28.3)a 212 (30.2)a 47 (30.9)a 0.601
Hypercholesterolemia, n (%) 139 (7.3)a 90 (7.7)a 51 (4.5)b 34 (4.8)a,b 5 (3.3)a,b 0.001
Coronary artery disease, n (%) 324 (17.0)a 248 (21.3)b 242 (21.5)b 171 (24.4)b 37 (24.3)a,b < 0.001
Myocardial infarction, n (%) 46 (2.4)a 38 (3.3)a,b 40 (3.5)a,b 34 (4.8)b 5 (3.3)a,b 0.037
PAD, n (%) 46 (2.4)a 39 (3.4)a,b 56 (5.0)b 41 (5.8)b,c 5 (3.3)a,b < 0.001
Heart failure, n (%) 224 (11.8)a 170 (14.6)a 231 (20.5)b 194 (27.6)c 40 (26.3)b,c < 0.001
Stroke/TIA, n (%) 117 (6.2)a 90 (7.7)a 86 (7.6)a 41 (5.8)a 8 (5.3)a 0.225
Atrial fibrillation, n (%) 377 (19.8)a 275 (23.6)a,b 289 (25.6)b 199 (28.3)b,c 35 (23.0)a,b < 0.001
Chronic liver disease, n (%) 186 (9.8)a 93 (8.0)a,b 69 (6.1)b 54 (7.7)a,b 9 (5.9)a,b 0.007
COPD, n (%) 423 (22.3)a 231 (19.9)a 267 (23.7)a 173 (24.6)a 31 (20.4)a 0.101
Previous CKD, n (%) 90 (4.7)a 160 (13.8)b 335 (29.7)c 400 (57.0)d 116 (76.3)e < 0.001
Dementia, n (%) 116 (6.1)a 91 (7.8)a,b 127 (11.3)b,c 97 (13.8)c 22 (14.5)b,c,d < 0.001
Neoplasm, n (%) 280 (14.7)a 152 (13.1)a 152 (13.5)a 81 (11.5)a 20 (13.2)a 0.295
Drugs at admission, median [IQR] 5 [3–7] 5 [0–4] 6 [4–8] 6 [4–8] 7 [5–9] < 0.001
Polypharmacy, n (%) 4887 1059 (57.9)a 681 (60.4)a 739 (67.7)b 489 (70.9)b 118 (78.7)b < 0.001
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available eCrCl and follow-up data with those without 
these data available, we found that included patients were 
slightly younger (median interquartile range [IQR] age 79 
[73–85] vs. 80 [74–85], p = 0.011), with a similar propor-
tion of female patients (p = 0.522), similar body mass 
index (BMI) (p = 0.203), and similar burden of multi-
morbidity according to both the Cumulative Illness Rating 
Scale (CIRS) severity index (p = 0.959) and comorbidity 
index (p = 0.670), even though those patients not included 
were slightly more dependent according to median [IQR] 
Barthel index (92 [70–100] vs. 88 [58–100], p < 0.001). 
Also, a similar number of drugs at admission (p = 0.683) 
was found between the two groups.

Differences in patients’ baseline characteristics are 
reported in Table  1. Across the renal function classes, 
patients were progressively older, more likely females, 
and had a lower BMI. Moreover, patients were found to be 
progressively more severely ill and had more comorbidi-
ties. According to the renal function classes, patients had 
fewer smoking and alcohol habits. Patients were found to be 
progressively more affected by the comorbidities reported, 
across the renal function classes. At admission, there were a 
higher number of drugs prescribed, as well as a higher prev-
alence of polypharmacy, according to renal function classes.

At baseline, both Short Blessed Test (SBT) and Geriatric 
Depression Scale (GDS)-4 scores were progressively higher 
across the renal function classes, while conversely, Barthel 
index was progressively lower (Table 1). Accordingly, the 
prevalence of possible dementia increased across the renal 
function classes, as well as the prevalence of depression 
(Fig. 1). Conversely, according to renal function classes, 
patients were progressively more “moderately dependent” 
and “highly dependent” (Fig. 1).

Linear regression analysis showed that progressively 
older age, female sex, hypertension, coronary artery dis-
ease, heart failure, and polypharmacy were directly associ-
ated with decreasing eCrCl, while a progressively increasing 

BMI was inversely associated with decreasing eCrCl (eTa-
ble 2 in the electronic supplementary material).

3.1  Follow‑Up Analysis

Accordingly, the rates of all-cause death, cardiovascular 
(CV) death, and CV re-hospitalization and the rates of both 
composite outcomes were progressively higher across the 
renal function classes (eFigure 2 in the electronic supple-
mentary material), with no difference regarding re-hospi-
talization rate. Logistic regression analysis (Fig. 2) showed 
a progressively higher risk for association across the renal 
function classes for all-cause death, CV death, any death/re-
hospitalization, and CV death/re-hospitalization. No impact 
of eCrCl classes was found for re-hospitalization and CV 
re-hospitalization rates.

3.2  Inappropriate Drug Prescription and Impact 
on Major Clinical Outcomes

As reported in the “Methods” section, the inappropriate-
ness of drug prescription was evaluated according to the 
five most prevalent comorbidities, for which pharmacologi-
cal therapy included drugs that should be contraindicated 
according to renal function. Hence, the five most prevalent 
conditions were (1) hypertension (77.2%), (2) diabetes mel-
litus (28.6%), (3) atrial fibrillation (23.3%), (4) coronary 
artery disease (20.3%), and (5) heart failure (17.0%). A total 
of 4383 patients having at least one of these conditions diag-
nosed at baseline were included in this analysis.

At hospital admission, 388 patients (8.9%) were inap-
propriately prescribed medications in relation to their eCrCl, 
while 183 (4.2%) were inappropriately prescribed at hospi-
tal discharge. Overall, a total of 476 patients (10.9%) were 
inappropriately prescribed medications at admission or at 
discharge according to eCrCl.

Fig. 1  Geriatric scales distribution across the classes of renal function. P < 0.001 for all scales across the classes of renal function. CrCl creati-
nine clearance, GDS Geriatric Depression Scale, SBT Short Blessed Test
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The overall prevalence of inappropriately prescribed 
drugs was higher in patients with an eCrCl of 15–29 mL/min 
(41.7%) and those with an eCrCl of < 15 mL/min (35.0%), 
while it was significantly lower for patients with an eCrCl 
of 30–44 mL/min (7.1%) and those with an eCrCl of 45–59 
mL/min (7.8%), while no patients with an eCrCl ≥ 60 mL/
min were inappropriately prescribed any drug. Among 
those inappropriately prescribed medications at hospital 

admission, 24.5% were still inappropriately prescribed at 
discharge.

Comparing those patients who remained inappropriately 
prescribed with those who became appropriately prescribed 
at discharge (eTable 3 in the electronic supplementary mate-
rial), we found that those who remained inappropriately 
prescribed were significantly older (p = 0.013) and had 
more comorbidities and more were diagnosed with atrial 

Fig. 2  Relationship between renal function classes and major clinical outcomes. CrCl creatinine clearance, CV cardiovascular

Table 2  Logistic regression analysis about relationship between inappropriate prescription and major clinical outcomes

Bold text highlights significant results
CI confidence interval, CV cardiovascular, OR odds ratio
a Adjusted for smoking habit, alcohol habit, hypercholesterolemia, myocardial infarction, peripheral artery disease, chronic liver disease, previous 
chronic kidney disease, dementia, and polypharmacy

Inappropriate prescription vs. appropriate prescription

Univariate analysis Multivariate  analysisa

OR 95% CI P OR 95% CI P

All-cause death 1.66 1.29–2.15 < 0.001 1.46 1.11–1.94 0.008
CV death 1.67 1.08–2.41 0.018 1.25 0.81–1.92 0.309
Re-hospitalization 1.13 0.87–1.48 0.365 1.04 0.78–1.37 0.800
CV re-hospitalization 1.55 0.97–2.47 0.068 1.13 0.69–1.85 0.642
Any death/re-hospitalization 1.48 1.19–1.83 < 0.001 1.29 1.03–1.62 0.028
CV death/re-hospitalization 1.65 1.21–2.26 0.002 1.22 0.87–1.71 0.252
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fibrillation. Coronary artery disease was less prevalent in 
patients who remained inappropriately prescribed. No differ-
ences were found in terms of hospital LoS (mean inpatients 
days [SD]) between the two groups.

Examining the overall prevalence of inappropriate pre-
scription according to the five conditions considered (eTa-
ble 4), we found the lowest prevalence in patients diagnosed 
with atrial fibrillation (1.8%) and the highest for patients 
diagnosed with coronary artery disease (21.5%).

At follow-up, patients inappropriately prescribed at 
hospital admission or discharge were reported as having a 
higher rate of all-cause deaths, CV deaths, and composite 
outcomes, with a trend in difference for CV re-hospitali-
zation and no difference regarding the re-hospitalization 
outcome (eFigure 3). At univariate analysis, inappropri-
ate prescription according to eCrCl was associated with 
an increased risk of all-cause death, CV death, and the 
composite outcomes of any death/re-hospitalization and 
CV death/re-hospitalization (Table 2). After multivari-
ate adjustments, inappropriate prescription was still sig-
nificantly associated with an increased risk of all-cause 
death (odds ratio [OR] 1.46, 95% confidence interval [CI] 
1.11–1.94) and the composite outcome of any death/re-
hospitalization (OR 1.29, 95% CI 1.03–1.62) (Table 2).

3.3  Sensitivity Analysis

A total of 3426 patients had available eCrCl also at dis-
charge. Mean (SD) eCrCl at discharge was 56.8 (27.7) mL/
min, with a mean (SD) delta eCrCl of 2.6 (15.3) mL/min 
and a median (IQR) delta eCrCl of 0.0 (−2.9 to 7.9) mL/
min. Evaluating the inappropriate prescription of drugs at 
discharge (by eCrCl at discharge), we found that 4.4% of 
patients (151) were inappropriately prescribed with at least 
one drug. Taking together those patients inappropriately pre-
scribed at admission (according to eCrCl at admission) and 
those inappropriately prescribed at discharge (according to 
eCrCl discharge), we found a total of 402 patients (11.7%) 
inappropriately prescribed with at least one drug. Follow-up 
data were available for 2864 patients (83.6%). After mul-
tivariate adjustment, inappropriate prescription was found 
to be associated with occurrence of all-cause death (OR 
1.49, 95% CI 1.06–2.10; p = 0.021), also showing a non-
significant trend in association with occurrence of any death/
re-hospitalization (OR 1.24, 95% CI 0.96–1.60; p = 0.098).

4  Discussion

In this study, we assessed how a large proportion of hospi-
talized older patients had impaired renal function, with sev-
eral clinical factors significantly associated with the eCrCl 

values. The presence of an impaired eCrCl is associated with 
an overall worse performance status, namely, patients more 
cognitively and emotionally impaired and with a significant 
degree of dependency in their daily life. Moreover, we docu-
mented how the risk of major clinical outcomes, in particu-
lar all-cause death and CV death, is significantly associated 
with a lower eCrCl. Finally, we reported that a significant 
proportion of patients (more than 10%) are prescribed, either 
upon admission or discharge, a drug that is inappropriate 
according to the baseline eCrCl, with a significant impact 
on major clinical outcomes, carrying within a year a 46% 
increase in risk of all-cause death in patients prescribed with 
an inappropriate drug.

The relationships between older age and impaired renal 
function as well as the strong relationships with some clini-
cal characteristics such as hypertension and other CV comor-
bidities have been clearly reported [13]. The present study 
confirms these relationships in a large, nationwide, unse-
lected cohort of hospitalized older patients. Furthermore, the 
finding of a significant association between polypharmacy 
and impaired renal function represents important evidence, 
in the context of hospitalized older patients. Indeed, while 
a large prevalence of polypharmacy in older patients with 
CKD has been previously described [14], distinct from pre-
vious reports [15], we were able to demonstrate an independ-
ent relationship between polypharmacy and progressively 
lower eCrCl.

Moreover, we documented how progressively impaired 
renal function also entailed impaired performance status, 
with patients requiring more intensive care. Accordingly, 
the impaired renal function seems to be a clinical feature, 
able to significantly impact on older patients in terms of 
frailty [2, 3, 16] and intrinsic capacity [17]. Furthermore, 
while the impact of impaired renal function on outcomes 
has been already described [20, 21], with previous stud-
ies showing how CKD (eCrCl < 60 mL/min) is associated 
with short-term outcomes [18, 19], the peculiarities of our 
analysis help us to document and underline this relationship 
also in a “real-life” older cohort observed over a significant 
follow-up time.

The most relevant evidence provided was related to 
the prevalence of inappropriate drug prescription in older 
patients with impaired renal function and its impact on clini-
cal follow-up. The evidence that more than 10% of patients 
are prescribed at least one inappropriate drug, in particular 
those with more reduced renal function and those diagnosed 
with coronary artery disease, and the associated impact on 
major clinical outcomes is extremely relevant in terms of 
everyday clinical practice. Most hospitalizations for poten-
tially inappropriate medicines (PIMs) in older patients are 
due to anticoagulants, CV drugs, antibiotics, and oral hypo-
glycemic agents [22]. Studies conducted on PIM use, by 
definition a therapy whose adverse risks exceed its health 
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benefits, are mostly based on findings about adverse drug 
reactions (ADRs) in the absence of details on renal func-
tion [23]. In older age, ADRs may occur because of meta-
bolic changes and reduced drug clearance in association 
with polypharmacy [24]. Several studies have addressed 
the issue of PIM use in older patients, with a prevalence of 
11.5–62.5% and them being associated with adverse effects 
[25]. Use of PIMs is associated with an increased risk of 
ADRs, interactions, hospitalizations, and mortality [26]. In 
Europe, PIMs according to Beers’ criteria have been found 
in 14–34% of hospitalized older adults [27, 28].

To date, only a few studies have reported data about the 
issue of contraindicated drugs in older patients accord-
ing to eCrCl. Secora et al., in an Atherosclerosis Risk in 
Communities study sub-analysis, assessed the prevalence 
and associated morbidity and mortality of polypharmacy 
and PIM use in older adults, looking for differences 
according to CKD status [29]. In that study, including 
6392 older patients, PIMs related to renal function were 
reported in 36% of those with an eCrCl of < 30 mL/min. 
Moreover, among patients with CKD, kidney-based PIM 
use was associated with lower eCrCl and polypharmacy 
[29]. In the Chronic Kidney Disease-Renal Epidemiology 
and Information Network (CKD-REIN) study, involving 
3033 outpatients followed up in a nephrology clinic, 31% 
of them had at least one drug prescribed that was con-
traindicated according to their eCrCl, with this prevalence 
rising up to 57% in CKD stage 4 and 5 patients [30].

It is noteworthy that, at discharge, a large proportion 
of patients with inappropriate prescriptions were depre-
scribed those drugs. We could postulate that several fac-
tors could have contributed to this phenomenon. First of 
all, in recent years, more and more attention has been 
given to the issue of inappropriate polypharmacy and 
the related risks [31, 32]. Indeed, the progressive ageing 
of the population exacerbates this phenomenon, in par-
ticular in frail and multimorbid individuals [33], condi-
tions which are frequently associated [34]; evidence also 
exists that these conditions are impaired by polypharmacy 
[35]. Based on this evidence, data and recommendations 
are progressively accumulating regarding the process of 
deprescribing, a strategy that is currently being progres-
sively adopted by physicians [36, 37]. Also, it is impor-
tant to note that, together with the data collection, the 
REPOSI program included educational initiatives that, 
through the years, increased the awareness of these issues 
and the available strategies [38], in turn promoting an 
improvement in drug over-prescription [39].

The significant impact on adverse outcomes of inap-
propriate prescription according to eCrCl underlines 
how this issue is relevant in terms of clinical manage-
ment of older patients. Indeed, in clinical practice, many 
renally excreted drugs are prescribed, and considering 

that, in older patients, mild to moderate reduced GFR 
can be often underdiagnosed, inappropriate drug use can 
be favored.

In the Screening Tool of Older Persons’ potentially 
inappropriate Prescriptions (STOPP) version 2 criteria, 
eCrCl is stated among those clinical factors significantly 
correlated with PIMs [40]. Indeed, the evaluation of 
eCrCl is recommended as a relevant tool to be used when 
evaluating PIMs in older patients, particularly in hospital-
ized patients [40]. The high prevalence of reduced renal 
function in older patients should be taken into account 
when prescribing renally excreted drugs. Special attention 
should be paid to older patients with CKD and polyphar-
macy who are using high-risk medications such as anti-
coagulants, diuretics, CV agents, and anti-diabetic drugs 
[41].

An accurate deprescribing strategy that would take 
proper account of impaired renal function is likely to be 
effective in reducing inappropriate drug prescription in 
older hospitalized patients. Hence, a more accurate consid-
eration of this issue in clinical practice is likely to reduce 
the risk of occurrence of major clinical outcomes [42, 43]. 
Notwithstanding, further data are needed to better eluci-
date the impact of deprescribing strategies on this specific 
issue.

4.1  Limitations

This study has limitations. First, being based on ICD-9 
codes, we cannot exclude some bias related to coding mis-
takes and inaccurate diagnosis. Second, not being specifi-
cally designed and powered to detect differences in the sub-
groups considered, some data should be considered with 
caution. Also, the evidence that patients excluded were 
slightly older and more dependent could have influenced 
the rate of adverse events in the subgroups examined. Even 
though we assessed several functional domains, frailty 
was not explicitly assessed. Third, since we pragmatically 
restricted the analysis of contraindicated drugs only to the 
five most prevalent conditions, we cannot exclude under-
estimation of the prevalence of inappropriate prescribing.

Fourth, at the follow-up, it was not possible to reassess 
the presence of inappropriate prescription among patients 
who presented an inappropriate drug for eCrCl at dis-
charge, since the data on home therapy were fragmented. 
Fifth, we did not use the Beers and STOPP/Screening Tool 
to Alert to Right Treatment (START) criteria to evaluate 
the prescription appropriateness. While we do recognize the 
importance of those tools to evaluate this issue, in this study, 
we wanted to specifically assess the clinical role of kidney 
function in influencing prescription. Given that, since both 
the tools are strongly based on the renal function evalua-
tion, we believe that we underline a very large proportion of 
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possible inappropriate prescriptions. Lastly, while the setting 
of the study represents a specific peculiarity of our analysis, 
this would somewhat limit the generalizability of the results 
presented.

5  Conclusions

In this cohort of older hospitalized patients, impaired renal 
function was highly prevalent and associated with several 
clinical factors, in particular polypharmacy. Patients with 
a reduced eCrCl have a worse performance status and are 
characterized by a higher risk of major clinical outcomes. 
More than 10% of these patients were prescribed an inap-
propriate drug according to their eCrCl. Inappropriate drug 
prescription in relation to eCrCl is associated with a higher 
risk for major clinical outcomes, in particular all-cause 
death, and thus appears to further worsen the prognosis of 
older patients with impaired renal function.
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