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The process of aging population will inevitably increase age-related comorbidities including chronic kidney disease
(CKD). In light of this demographic transition, the lack of an age-adjusted CKD classification may enormously

increase the number of new diagnoses of CKD in old subjects with an indolent decline in kidney function.
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| 1. Introduction

Since 2013, the World Health Organization (WHO) has endorsed a project called “The Global Action Plan” aimed to
promote health and psychophysical well-being of subjects worldwide. The goal of this program is to reduce
mortality due to non-communicable diseases by 25% in 2025 through a wide action of prevention and control of

risk factors [,

Chronic kidney disease (CKD) is recognized as a major public health problem affecting >10% of the global
population. CKD is highly associated with morbidity and mortality and is linked to numerous negative effects that
can potentially aggravate the outcome of the five most serious diseases (i.e., cardiovascular disease, diabetes,
high blood pressure, HIV and malaria). Although CKD is not listed among the most clinically relevant chronic
diseases, its management deserves careful consideration, because it has the potential to affect the prognosis of

subjects and impact heavily on the resources of national healthcare systems [2.

CKD is a progressive chronic disease, leading to end-stage kidney disease (ESKD) in 1-2% of cases Bl The
Global Burden of Disease Study, an epidemiological study conducted in 195 countries, showed that kidney disease
was responsible in 2015 for disability and reduced life expectancy by a cumulative 18 and 19 million years,
respectively. The total number of reported death due to kidney disease accounted for 1.2 million yearly. This
estimate was expected to rise to about 3-5 million/year people if mortality due to acute renal failure was included.
However, the extent of the problem is likely underestimated, as access to laboratories for the screening of CKD is

precluded in some geographical areas 2.

Kidney disease has the potential to involve all ages but is principally prevalent in older individuals. Aging is closely
associated with kidney injury as advancing age is the major risk factor for kidney disease and age-related

comorbidities. Aging is also implicated in the deleterious changes of kidney parenchyma secondary to cellular
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senescence as well as to cumulative effects of nephrotoxic agents prescribed during the patient's life B,
According to the latest projections, every country in the world is experiencing a rise in the number of older persons
in their population. This subset of the population, at high risk of developing CKD, is projected to double in 2050
when one in six people in the world will be aged 65 years or over [8l. The current demographic transition will raise
the prevalence of people with CKD. Consequently, the demand for care will pose a particular challenge to the

concerning use of vast human and financial resources.

2. Definition and Staging of Chronic Kidney Disease in
Adults

In 2002 the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines defined the criteria for the diagnosis of
CKD [ The further classifications substituted the previous definitions of nephropathy, relying on a series of poorly
definable descriptive parameters and gave greater importance to the early stages of kidney disease in order to
identify the disease preciously. According to the KDOQI guidelines and subsequent Kidney Disease Improving
Global Outcomes (KDIGO) modifications, CKD is characterized by a structural or functional dysfunction for >3
months. Glomerular filtration rate (GFR) and albuminuria are the two criteria utilized to classify CKD into “stages”.
GFR divides kidney disease into five progressive stages while albuminuria identifies three additional categories for
each level of kidney function. The combination of GFR (CKD stages, I-V) and albuminuria (A1-3) thresholds
assumes also a prognostic significance, as classification in CKD staging predicts kidney survival 9. However,
three issues essentially limit the advantage of CKD classification in predicting the evolution of nephropathy and,
above all, in planning an effective preventive strategy: assessment of albuminuria, methods for calculating GFR

and the lack of a unanimously approved age-stratified CKD staging.

According to the 2009 KDIGO Controversies Conference report 111, albuminuria is a key criterion for the diagnosis
of CKD. The magnitude of albuminuria may be easily misinterpreted because fluctuations are common in the real-
word, and hypertension, cigarette smoking, inflammation and obesity may affect its excretion 2. Furthermore,
albuminuria may be overestimated in the elderly as reduced creatinine excretion secondary to the age-related
decrease of muscle mass causes an increase in the urinary albumin/creatinine ratio. Lastly, to avoid overdiagnosis

of CKD, the criterion of albuminuria should be met over at least 3 months of observation.

CKD prevalence estimations are influenced by population characteristics and different laboratory methods 131141,
Ideally, to have an accurate estimate of GFR, it should be measured with nuclear medicine procedures, because
formulae based on serum creatinine are characterized by several and well-known limitations 3. Cystatin C
provides an accurate alternative for measuring GFR. It is a reliable endogenous marker for the evaluation of kidney
function compared to creatinine. Cystatin is not dependent on muscle conditions, therefore is more suitable in
elderly patients with sarcopenia. Despite these advantages, its concentration is influenced by factors such as
smoking, obesity, and inflammation 287 The clearance of substances such as inulin, iohexol and iothalamate,
allows a very precise measurement of renal function, excluding interfering variables such as age, body weight,
muscle mass or inflammatory status from the calculation. Unfortunately, the availability of instrumentation in

peripheral laboratory settings and lack of standardization potentially hamper comparisons across studies.
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The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation currently represents the most correct
calculation method for estimating GFR in the general population. This equation overcomes the limit of the
Cockcroft-Gault equation 18 (overestimation of GFR in obese people) 12 and MDRD (underestimation of GFR in

people with normal or slightly reduced renal function [GFR between 60 to 100 mL/min]) 22,

The main limitation of the CKD-EPI equation is the tendency to overestimate GFR in the elderly. To overcome this
discontinuity, which may have severe repercussions on renal function assessment and drug dose adaptation, a
study conducted on white German participants aged >70 years with a mean measured GFR of 16-117 mL/min
proposed the BIS-1 and BIS-2 GFR estimating equations 21, These promising equations, albeit furnishing a
precise and accurate tool to assess renal function in the elderly, still lack external validation studies against the
KDIGO-recommended CKD-EPI equation. This latter also confirmed its superior performance when compared to
the recent Lund—Malmé 22, FAS (Full Age Spectrum) 23] and CAPA (Caucasian and Asian Pediatric and Adult

Subjects) (24! equations in the adult population.

In the absence of urinary alterations, the diagnosis of CKD is made by a GFR less than 60 mL/min. The use of a
fixed threshold value across all age categories is undoubtedly a limiting element for the definition of CKD in the
most extreme age groups of the population (i.e., young and elderly people). In these two groups, a similar value of
GFR underlies a different prognostic value of kidney function, since projected life expectancies are poorly
comparable. Based on these data, the classification of kideny function, embedded in a “rigid” staging system, may
lead to inaccurate estimates of kidney outcomes. A classic example is the diagnosis of CKD in “healthy” old

patients with a physiological decrease in kidney function.

The current classification of CKD indeed does not separate kidney disease from kidney senescence, a
physiological phenomenon occurring after 40 years of age (Figure 1) 23, In support of this theory, histological
evaluation of kidneys from elderly donors confirms a non-specific and generalized involution of the renal
parenchyma. Evaluation of kidney biopsy revealed nephroangiosclerosis, global ischemia, tubular atrophy and
interstitial fibrosis as well as a considerable reduction in the total number of nephrons in the absence of a real
compensatory adaptation [28. The decline of the filtrate usually becomes significant after 40 years of age
regardless of the ethnicity of the population examined. Beyond this age, the decline in GFR is constant and could

reach the lower normal limit of 45 mL/min in subjects aged more than 65 years.
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GFR, glomerular filtration rate.

Reproduction of the figure extracted unmodified from the paper “Glomerular filtration rate: new age- and
gender-specific reference ranges and thresholds for living kidney donation” (Fenton et al., 2018) [25]. Unre-
stricted use of the article according to the Creative Commons license (http://creativecommons.org/publicdo-

main/zero/1.0/).

Figure 1. Age- and gender-specific GFR reference ranges. Data include pre-donation mean GFR from 2974
prospective living kidney donors from 18 UK renal centers performed between 2003 and 2015. Solid lines

represent mean GFR and interrupted lines are two standard deviations above and below the mean.

A meta-analysis conducted by the “CKD Prognosis Consortium” showed that the risk of ESKD and mortality is
generally increased when GFR is substantially lower than 60 mL/min, but surprisingly, this threshold is lower in
elderly patients 27, Indeed, the elderly population with a GFR between 45 and 59 mL/min/1.73 m2, in the absence

of urinary anomalies, tends rarely to progress towards ESKD (<1% at 5 years) [28],

Epidemiological studies have also reported that patients aged more than 65 years have a considerably higher risk
of CKD progression only when the GFR is less than 45 mL/min. In support of the thesis, the “Renal Risk in Derby”
study, conducted on 1741 people with a mean age of 72.9 £+ 9 years and with an average GFR of 54 + 12
mL/min/1.73 m2, confirmed that patients with stage Illa of CKD have a mortality risk lower than CKD stage Illb and
IV and more importantly, these patients had a similar survival rate than the general population 2. Based on these
data, Delanaye et al. 2% proposed a CKD staging stratified according to three age categories: <40, 40—-65 and >65
years. A GFR threshold of 75 mL/min should be considered “normal” for patients aged less than 40 years, 60
mL/min for individuals aged 40—65 years and 45 mL/min for the oldest (Figure 2).
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Age GFR threshold for
diagnosis of CKD
@ <40 years <75 mL/min
% 40-65 years <60 mL/min
O
% >65 years < 45 mL/min

GFR, glomerular filtration rate.
Figure 2. Age-related threshold for diagnosis of CKD.

In other words, nephrological evaluation of the elderly patient with a reduction of GFR can no longer depend on a
laboratory reporting system that defines GFR > 60 mL/min as normal. The use of a fixed threshold at 60 mL/min
may induce misinterpretation of renal function. For instance, GFR slightly greater than 60 mL/min is a strong
negative predictor of renal and patient survival in young patients. On the contrary, GFR slightly below 60 mL/min
without urinary alterations in a patient aged >65 years represents a physiological condition not subject to further

diagnostic investigations.

The evaluation of kidney function is also key in the setting of living kidney transplantation as post-donation GFR
should remain within normal range without affecting the donor’s survival and the recipient should receive a healthy
graft not affected by CKD. The correct interpretation of the donor’s kidney function is complex and must take into
account the physiologic reduction of GFR with aging as well as potential comorbidities and lifetime risk of
developing ESKD after donation (1l In parallel to the age-adapted threshold for diagnosis of CKD in the general
population, UK guidelines for kidney transplantation have released advisory threshold GFR levels for living kidney
donation. As expected, the GFR threshold for performing a safe living kidney donation decreases with aging. In

donors aged >30 years, it can range from 80 to 58 mL/min in males and from 80—-49 mL/min in females 22,

| 3. Epidemiology of CKD
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According to current estimates, about 700 million people are affected by CKD worldwide. The worldwide
prevalence of CKD stage |-V is estimated between 3% and 18%, with a higher prevalence in women than males in
patients older than 40 years [33. Recent estimates (2015-2018) of CKD in the United States (US) showed that the
overall prevalence of CKD, defined as eGFR <60 mL/min/1.73 m? or urinary ACR =30 mg/g, in the adult US
population is 14.4%. Most of the CKD population (93.7%) is affected by stages | and I, namely, early stages of
kidney disease characterized by a mild decrease in their GFR (>60 mL/min). The distribution of patients based on
KDIGO risk categories indicates that 1.3% of the CKD population is at high risk to progress toward kidney failure
and receive RRT. As aforementioned, CKD is common in elderly patients [4l. About 40% of subjects living with GFR
< 60 mL/min are aged 65 years old or older .

Demographic characteristics, quality of healthcare, socio-cultural level of the population and methods used for the
evaluation of renal function are the main factors influencing the rate of CKD [24l. The differences in the rate of CKD
increase especially between populations with different socio-cultural differences. Age-adjusted CKD prevalence
ranges between 5.5% in people living in Spain and 13.7% in those living in Russia 4. One glaring and surprising
example is the considerable difference in the rate of CKD that has been found between counties with similar socio-
economic and cultural profiles such as Norway (3.3%) and northeast Germany (17.1%) [23l. However, these results
need to be interpreted with caution because different factors contribute to these epidemiological disparities. First,
most studies are conducted in single regions or cities and, therefore, are poorly representative of the entire national
territory. Second, modifiable factors such as genetic susceptibility B8IB738] and environmental background (i.e.,

dietary pattern, infections, air pollution) B244142] may drive many risk factors for the development of CKD.
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