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Abstract
Background and aims  Cognitive and renal impairment are pervasive among elderly frails, a high-risk, geriatric sub-popula-
tion with peculiar clinical characteristics. In a series of frail individuals with non-advanced chronic kidney disease (CKD), 
we aimed at assessing the entity of functional, general health and cognitive impairment and the possible relationship between 
these types of dysfunction and the severity of renal impairment.
Methods  2229 geriatric subjects were screened for frailty and CKD. Severity of CKD was assessed by eGFR (CKD-EPI 
formula). Frailty was established by the Fried Index. Functional, general health and cognitive status were assessed by vali-
dated score measures.
Results  Final analysis included 271 frail CKD subjects (162 women, 109 men). Mean eGFR was 64.25 ± 25.04 mL/
min/1.73 m2. Prevalence of mild-to-moderate CKD (stage 3–4) was 44%. Twenty-six percent of patients had severe cognitive 
impairment, while mild and moderate impairment was found in 7 and 67% of individuals, respectively. All subjects had poor 
functional and general health status. Cognitive capacities significantly decreased across CKD stages (p for trend < 0.0001). 
In fully adjusted multivariate analyses, cognitive status remained an independent predictor of eGFR (β = 0.465; p < 0.0001).
Conclusions  Mild-to-moderate CKD is highly pervasive among frail elderly individuals and the severity of renal dysfunction 
is independently correlated with that of cognitive impairment. Future studies are advocated to clarify whether the combina-
tion of kidney and mental dysfunction may portend a higher risk of worsen outcomes in this high-risk population.

Keywords  Frailty · CKD · Cognitive · GFR

Introduction

The prevalence of elderly individuals is dramatically 
increasing worldwide, posing a challenge of sustainability 
for public health systems in view of the wealth of chronic 
diseases that associates with human senescence.

Kidney function is affected by ageing and chronic kidney 
disease (CKD) is pervasive in the elderly [1]. In the US 
population, the prevalence of renal impairment in persons 
older than 70 years resulted as high as 15% [2] and in the 
third National Health and Nutrition Examination Survey 
(NHANES III), 35% of the elderly population had stage 3 
CKD [3].

Frail patients are high-risk elderly individuals showing 
particular characteristics that may include unintentional 
weight loss, self-reported exhaustion, low energy expendi-
ture, slow gait speed and weak grip strength [4, 5].
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There is now accruing evidence indicating that frailty 
is exceedingly prevalent among elderly subjects with overt 
CKD [6]. CKD patients show a three-time higher risk of 
frailty with respect to individuals with normal renal func-
tion [7] and the presence of frailty portends a higher risk of 
mortality in this population setting [8].

Similarly, CKD was recently indicated as an independ-
ent risk factor for cognitive impairment [9] and cognitive 
impairment, in turn, associates with poor prognosis in CKD 
individuals [10].

Although not directly included in the frailty assessment, 
the presence of a frank cognitive impairment is an ominous 
sign when found in old, frail populations as it conveys an 
incremental risk of worst outcomes [11].

Starting from a large geriatric population, we aimed at 
evaluating a series of frail elderly individuals with non-
advanced CKD in order to establish (1) the presence/entity 
of functional, general health and cognitive impairment and 
(2) the possible, existing relationship between these types of 
dysfunction and the severity of CKD.

Methods

Patients’ selection

The source population included 2229 geriatric subjects over 
65 years old recruited in the Centre for Cognitive Diseases 
and Dementias (Azienda Sanitaria Provinciale di Catan-
zaro, Italy) from January to September 2017. Individuals 
with a clinical diagnosis of CKD and frailty were invited 
to participate into the study. Subjects with already detected 
depression, acute cardiovascular, infectious or renal mor-
bidity, hypothyroidism or active anti-neoplastic treatment 
or leucocytosis were excluded. The local Ethic Committee 
(ASP Catanzaro, Italy) approved the study in accordance 
with the ethical standards of the committee responsible for 
human experimentation (institutional and national) and with 
the Helsinki Declaration and all participants gave written 
informed consent.

Presence/severity of CKD was defined according to the 
National Kidney Foundation (NFK) classification [12] 
on the basis of the estimated glomerular filtration level 
(eGFR) as stage 1, GFR > 90 mL/min or stable presence of 
urinary abnormalities (e.g. haematuria, proteinuria); stage 
2, GFR = 60–89 mL/min; stage 3A, GFR = 45–59 mL/min; 
stage 3B, GFR = 30–44 mL/min; stage 4, GFR = 15–29 mL/
min. eGFR was assessed by the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation [9], 
as suggested by the European Renal Best Practice Group 
guidelines for the management of older patients with CKD 
[13]. To minimize the effects of uraemia symptoms as a 
confounding factor, patients found to have an estimated 

glomerular filtration rate (GFR) < 15 mL/min (CKD stage 
5) were excluded from the study. Frailty was established by 
the Fried Index on the basis of the presence of three or more 
of the following characteristics: unintentional weight loss, 
self-reported exhaustion, low energy expenditure, slow gait 
speed and weak grip strength [1, 2].

Assessment of cognitive functions

Cognitive functions were assessed by an Italian version 
of the Mini-Mental State Examination (MMSE): a brief 
30-item test, which measures orientation to time and place, 
immediate recall, short-term memory, calculation, language 
and constructive ability [14]. Age and education were con-
sidered in single patients as determinants of cut-off points 
[15].

Assessment of functional status

Functional status was determined with a review of the two 
key divisions of functional ability: activities of daily living 
(ADL) and instrumental activities of daily living (IADL). 
ADL are self-care activities that a person performs daily 
(e.g. eating, dressing, bathing controlling bladder and bowel 
functions). IADL are activities that are needed to live inde-
pendently (e.g. doing housework, preparing meals, tak-
ing medications properly, managing finances, using a tel-
ephone). ADL was assessed by the Katz ADL scale [16], 
while IADL by the Lawton IADL scale [17].

Clinical and laboratory data

Patients’ history was carefully recorded by interview and 
confirmed by checking patients’ record. General health 
status was assessed by the Cumulative Illness Rating 
Scale (CIRS) scoring system that can classify all medi-
cal conditions within 14 organ systems: cardiac, vascular, 
haematological, respiratory, ophthalmological–oto-rhino-
laryngological, upper gastrointestinal, lower gastrointesti-
nal, hepatic–pancreatic, renal, genitourinary, musculoskel-
etal–tegmental, neurological, endocrine–metabolic–breast 
and psychiatric [18].

Blood samples were taken in the morning before any food 
intake. Traditional biochemical parameters were measured 
at baseline in all subjects, following standard methods in 
the routine clinical laboratory. Total number of drugs was 
recorded and participants were divided into those with no 
polypharmacy (0–4 drugs), polypharmacy (5–9 drugs) and 
excessive polypharmacy (10+ drugs). Blood pressure was 
measured three times and the average value was considered 
for data analysis.
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Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 20 and the Prism package (ver. 4.0; GraphPad Soft-
ware, La Jolla, CA, USA) package. Continuous variables 
were expressed as means ± standard deviations or medi-
ans, as appropriate. Comparisons between continuous data 
were performed by two-sample t test or analysis of vari-
ance for continuous variables.

Pearson’s correlation coefficient was employed to test 
correlations between estimated GFR and other variables. 
Multiple regression analyses were performed by construct-
ing a model including all univariate correlates of eGFR 
in order to assess independent relationships. Data were 
expressed as partial correlation coefficients (β) and p 
value. The level of significance was set at p values < 0.05.

Results

Population characteristics

Tables 1 and 2 summarize the main demographic, clinical 
and laboratory characteristics of the study participants. Final 
analysis included 271 frail elderly individuals (162 women, 
109 men). Subjects had a mean age of 82.74 ± 6.77 (rang-
ing from 68 to 98 years) and a mean ± SD estimated GFR 
(eGFR) of 64.25 ± 25.04 mL/min/1.73 m2 (ranging from 
23.3 to 135.4 mL/min/1.73 m2). Average education level was 
below 8th grade. Overall, the MMSE yielded a mean score of 
12.18 ± 3.65. Twenty-six percent of patients had a severe cog-
nitive MMSE score under 10; 67% of patients had a moderate 
cognitive score between 10 and 20, while 7% had a MMSE 
score between 20 and 23. There was a significant decrease 
in MMSE values across CKD stages (p for trend < 0.0001), 
ranging from 16.63 ± 3.89 in subjects with CKD stage 1 to 
10.16 ± 2.43 in patients with CKD stage 4 (Fig. 1). Functional 
status was also reduced with a mean ADL of 0.9 ± 2.02 and a 

Table 1   Main clinical characteristics of the study population

Variable Frails (n = 271)

Age (years) 82.7 ± 6.7
Gender (M/F) 109/162
Body mass index (kg/m2) 22.65 ± 2.21
Systolic BP (mmHg) 134 ± 28.2
Diastolic BP (mmHg) 58 ± 23.1
Serum albumin (g/dL) 3.11 ± 1.24
Haemoglobin (g/dL) 10.98 ± 2.80
HDL-cholesterol (mg/dL) 17.45 ± 2.25
Cholesterol (mg/dL) 112.48 ± 73.51
Triglycerides (mg/dL) 77.84 ± 69.24
Serum creatinine (mg/dL) 1.13 ± 0.43
CKD-EPI eGFR (mL/min) 64.25 ± 25.04

Table 2   Cognitive, functional and general health status stratified for CKD stages

*p for trend < 0.0001

Variable Frails (n = 271) CKD stages

I (n = 35; 12.9%) II (n = 113; 41.7%) IIIA (n = 57; 21.0%) IIIB (n = 47; 17.3%) IV (n = 19; 7.0%)

MMSE* 12.18 ± 3.65 16.63 ± 3.89 12.08 ± 3.62 10.60 ± 2.67 11.87 ± 1.97 10.16 ± 2.43
Activities of daily liv-

ing (ADL)
0.9 ± 2.02 1.37 ± 2.37 0.84 ± 1.96 0.78 ± 1.98 0.74 ± 1.97 1.00 ± 2.02

Instrumental activities 
of daily living (IADL)

0.04 ± 0.19 0.03 ± 0.17 0.05 ± 0.22 0.02 ± 0.13 0.04 ± 0.20 0.0 ± 0.00

Cumulative illness rat-
ing scale (CIRS)

3.83 ± 1.61 3.23 ± 1.45 3.83 ± 1.67 4.09 ± 1.35 3.98 ± 1.70 3.74 ± 1.91

No. of medications 
taken

6.06 ± 2.17 5.74 ± 2.36 6.04 ± 2.23 6.03 ± 1.99 6.34 ± 2.24 6.16 ± 1.86

Fig. 1   MMSE stratified for CKD stages. *p < 0.0001
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mean IADL of 0.04 ± 0.19. General health status was also low 
with a mean CIRS of 3.83 ± 1.61. No significant differences 
in ADL, IADL, CIRS and total number of medications were 
found across the different CKD strata.

Clinical correlates of eGFR

In univariate analyses, eGFR was directly correlated with 
MMSE (R = 0.477 p < 0.0001) (Fig. 2) and no polypharmacy 
(0–4 drugs) (R = 0.125 p < 0.040), whereas a significant inverse 
correlation was found with CIRS (R = − 0.125 p < 0.04) and 
serum albumin (R = − 0.196 p < 0.001) (Table 3). Conversely, 
no significant correlations were found between eGFR and 
other clinical/functional parameters, including ADL, IADL, 
BMI and total number of drugs.

All variables found to be significantly related to eGFR at 
univariate analyses were introduced in a multivariate model 
using eGFR as a dependent variable. In this multivari-
able model, eGFR remained significantly correlated only to 
MMSE (β = 0.465; p = 0.000) and serum albumin (β = − 0.173; 
p = 0.001) (Table 3).

Discussion

Findings from our study indicate that, in a large population 
of frail elderly with CKD, cognitive dysfunction reflects, 
in a strong and independent manner, the entity of renal 
function impairment. Conversely, no clear relationships 
emerged between the severity of kidney disease and that 
of functional and general health dysfunction.

Although both cognitive impairment and frailty were 
previously reported as separate risk factors for CKD, to 
the best of our knowledge this is one of the first reports 
in literature providing evidence of a direct link between 
reduced mental performance and reduced kidney func-
tion in a high-risk population of elderly frail individuals. 
This would support, again, the importance of a systematic 
assessment of renal and cognitive status as part of the rou-
tine clinical approach to elderly frail individuals.

Ageing is characterized by a progressive decline in 
renal function, as well as by a susceptibility to renal dis-
eases even in elderly subjects with conserved kidney func-
tion [19–22].

In our cohort, roughly 44% of frail individuals were 
found to have mild-to-moderate CKD. Interestingly, this 
prevalence was notably higher than that reported (21.7%) 
in an elderly sub-population of the National Health and 
Nutrition Examination Survey (NHANES) [23]. Such a 
difference would support the role of frailty as an additional 
risk factor for CKD, hence justifying the need for paying 
careful attention to renal function in frail patients [13].

In parallel with the decline of renal function, also the 
deterioration of cognitive abilities is part of ageing pro-
cess. Foster et al. identified a high number of patients 
with CKD stage 4–5 showing various degrees of cognitive 
impairment [9]. Unlike our study, however, these authors 
focused on a population with a more advanced CKD and 
uncovered a cognitive impairment in 60% of individuals 
using a different, although validated, screening tool, the 
Montreal Cognitive Assessment (MoCA). Conversely, 
similarly to our experience, Kurella Tamura et al. found 
a comparable prevalence of early mental dysfunction in 
(non-frail) CKD patients using the Modified Mini-Mental 
State Examination (3MS) [10].

Our results are important if we consider that cognitive 
and renal function decline may contribute to the clinical 
vulnerability of older persons, resulting as strong predic-
tors of several adverse health-related outcomes. It has been 
demonstrated that CKD patients and older frail individuals 
with cognitive deterioration share an increased frequency 
and severity of symptoms such as tiring easily, weakness, 
lack of energy, difficulty sleeping, muscle cramps and 
easy bruising, as well as psychologic distress [24, 25]. 
It has also been shown that cognitive impairment is also 

Fig. 2   Univariate baseline statistical correlation (Pearson coefficient) 
between estimated GFR and MMSE

Table 3   Univariate and multiple regression analysis of estimated 
GFR

Partial R β p

MMSE 0.477 0.465 0.000
Albumin − 0.196 − 0.173 0.001
No polypharmacy 0.125 – –
CIRS − 0.125 – –
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associated with decreased adherence to medications and, 
hence, could contribute to faster progression to end-stage 
renal disease and to the need of chronic renal replacement 
therapy [26–28]. Nephro-geriatric medicine has recently 
opened a field of clinical research focusing efforts on 
the possibility to uncover early renal impairment and to 
explore also cognitive function to preserve quality of life 
[27].

Our study has limitations that deserve mentioning. Firstly, 
the cross-sectional nature of the study does not allow to draw 
definite conclusions on the exact causal relationship between 
mental and renal impairment—that is which one might be 
the villain or the victim. For instance, a systematic review 
showed that CKD affects per se various cognitive domains 
such as orientation, attention and language, finally hamper-
ing the ability of patients to take individual decisions regard-
ing day life and healthcare [29]. On the other hand, however, 
pre-existing cognitive impairment in individuals developing 
CKD is known to have a clear impact on the patient well-
being and also on the disease evolution [30, 31].

Secondly, as per the observational nature of the study, 
selection bias cannot be excluded. Although findings 
reported were mostly in agreement with the existing lit-
erature, this limitation could hamper the generalizability of 
observations to other geriatric cohorts. Lastly, the absence 
of a follow-up observation did not allow to analyse the long-
term evolution of renal function and cognitive impairment, 
making difficult to ascertain while overtime changes in one 
dysfunction may affect the other, nor if the concomitant 
presence of both disorders may impact other patient-centred 
outcomes.

Furthermore, the use of MMSE alone was intended as a 
simple screening test for cognitive function in our popula-
tion and not a solid psychometric tool for identify specific 
disorders alone. In conclusion, we demonstrated that mild-
to-moderate CKD is highly pervasive among frail elderly 
individuals and the entity of renal dysfunction is indepen-
dently correlated to that of cognitive impairment. Future, 
larger studies with a prospective design are needed to extend 
our observations to the whole frail CKD population and to 
clarify whether the combination of kidney and mental dys-
function may portend a higher risk of worsen outcomes.
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