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Abstract
The average glomerular filtration rate (GFR) is lower in the
elderly than in the young and is usually a consequence of
biological ageing, the rate of which varies between individu-
als. In some subjects, the decline is aggravated by concomi-
tant vascular disease. The prevalence of significant kidney
disease in the elderly has been overestimated - largely by
rendering a diagnosis of chronic kidney disease by reference
to estimates of GFR which are found in the young. A stable
low GFRin the elderly, provided it is physiologically sufficient
to meet homeostatic demands, is not a disease per se and
seldom progresses to true kidney failure. However, it can be
arisk factor for acute kidney injury drug misdosing, and pos-
sibly cardiovascular disease, so it should be noted.
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Introduction

Almost all of the manifestations of kidney disease are
more common in elderly and very old (note: for the pur-
poses of this article, the elderly are those subjects between
retirement age and average life span, i.e. between 65 and

80 years of age. Those over 80 years might reasonably be
called ‘very old’) subjects who represent an increasing
proportion of the population (16% in the United King-
dom). They are at greater risk, and have a higher inci-
dence and prevalence of both of the extreme problems —
acute kidney injury (AKI) and end-stage renal disease
(ESRD) requiring renal replacement therapy (RRT) [1, 2].
In 2008, in England, the incidence of new RRT patients
(i.e. treated ESRD, was 150 pmp for the age group 45-64
years and 325 pmp for those >65 years [3]).

The precursor state of ESRD, namely ‘generic chronic
kidney disease (CKD)’, as currently defined, is also much
more common in the elderly and very old. So, if the ex-
treme problems are to be prevented or avoided, it is logi-
cal to identify those with true CKD who are at a clinical-
ly meaningful enhanced risk of adverse outcomes. This
would be especially true if safe and effective interventions
were available to mitigate the risk associated with CKD.
The current classification system will do so, but like a
tishing trawler it captures many more innocent subjects
than it should. Estimates of the prevalence of CKD in the
elderly generated by the current CKD definition and
staging systems are so high as to appear unrealistic. 25—
35% of subjects over the age of 65 years of age, only a mi-
nority of whom have abnormal proteinuria, meet the cur-
rent criteria for a diagnosis of CKD [reviewed in ref. 4].
Of these, fewer than 0.1% will develop ESRD each year.
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Understanding CKD in the Elderly

Why Is This Imbalance So Evident and What Can We

Do to Better Understand and Correct It?

The first problem is that of the definition of abnormal.
One way to define a glomerular filtration rate (GFR) as
being abnormally low in any subject, young or old, is that
it is lower than it should be. As with any biological vari-
able, one could rely on the distribution of GFR in the
healthy population and define an abnormal, disease-des-
ignating GFR as <5th percentile at any given age (i.e. the
chance of this GFR being this low by chance is <1/20).
The question then is whether this low(er) GFR is a conse-
quence of kidney pathology that might progress if left
unattended. If it is a consequence of pathology, then
one can say the patient has CKD, with the disease having
this degree of impact on overall kidney function. Then
there is the issue of whether the GFR, although low, is
sufficient or insufficient for homeostasis. The objective
evidence for insufficiency of GFR and overall kidney
function would be abnormal sodium balance causing hy-
pertension, a blunted erythropoietin axis causing anae-
mia, disturbed calcium and phosphate balance causing
secondary hyperparathyroidism. Homeostatic failure
seems to occur with increasing frequency at a GFR <60
ml/min/1.73 m? and most obviously at <45 ml/min/
1.73 m? [5].

The current staging system for CKD is largely based
on the notion that a GFR >90 ml/min/1.73 m? is nor-
mal; 60-89 ml/min/1.73 m2 is reduced and <60 ml/min/
1.73 m? is always abnormal, irrespective of the presence
of corroboratory evidence of kidney damage [6]. This is a
rigid approach which ignores biological variability, re-
dundancy and renal reserve. These values are valid for
measured GFR (mGFR) in young adults but do not match
the findings in healthy individuals across the age range.
Cross-sectional measurements of mGFR and estimated
GFR (eGFR) in healthy individuals, e.g. potential kidney
donors, show that there is a reduction in the mean value
of 6-8 ml/min/1.73 m? per decade such that by these cri-
teria the majority of subjects >40 years of age would be
considered to have ‘reduced kidney function’ [7, 8].

It is therefore inappropriate to diagnose CKD on GFR
values alone, especially in the elderly. The diagnosis
should require that the GFR be inappropriately low for
that individual and a consequence of a plausible pathol-
ogy. Additional criteria for diagnosing kidney disease
would be a more rapid decline in GFR than is usually ob-
served with normal ageing (>1.0 ml/min/1.73 m?/year)
and the presence of abnormal (overt) proteinuria or albu-
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minuria. Many of the elderly currently diagnosed as hav-
ing CKD would not meet these criteria. The importance
of proteinuria has recently been emphasized by Hallan
and Orth [9] in this journal and Tonelli et al. [10].

The second problem is the reproducibility and consis-
tency of eGFR. Apart from the tendency of all estimating
formulas to underestimate the GFR when it is nearer to
the physiological range, it can vary without obvious rea-
son [11, 12]. The CKD-EPI formula estimates mGFR with
greater accuracy than other estimating formulas, espe-
cially in the physiological range, but we do not yet have
a nomogram of the measurement in large numbers of
healthy individuals across the age spectrum 20-80 years
(13].

The third problem is elevating ‘micro-albuminuria’,
expressed as an albumin-to-creatinine ratio of 30-300
mg/gina ‘spot’ urine sample, to the rank of a stand-alone
criterion for the diagnosis of CKD. This creates a very low
threshold for diagnosing a CKD because ‘micro-albu-
minuria’, so defined, can wax and wane, be caused by
systemic endothelial injury which occurs in hyperten-
sion, cigarette smoking, occult and overt inflammation
and obesity. The kidney registers the injury but is not the
prime target of it. Using urinary creatinine as the denom-
inator for the ratio will increase it in the elderly who have
a lower muscle mass and creatinine excretion. A ‘normal’
urine albumin excretion rate may therefore be reported
as an abnormal ratio [14].

In practice many physicians apply a ‘one-strike’ policy
and allocate patients to a CKD stage because of a single
‘abnormal’” eGFR or urine albumin-to-creatinine ratio
without observing the 3-month persistence rule. If it were
scrupulously obeyed, the reported prevalence of CKD
would be much lower, by as much as 30% [15].

One can test whether the CKD staging schema cur-
rently in wide use is appropriate by asking whether indi-
viduals allocated to the same stage of CKD have more or
less similar outcomes irrespective of age? Since the ma-
jority of cases of CKD are in stage 3 and the majority of
these are elderly, the best test would be a comparison of
the risk of developing CKD stage 5, AKI and death attrib-
utable to CKD, in young or elderly subjects. While such
stratification has been examined on a categorical basis
(age >65 or <65 years), we still are uncertain of compa-
rable information for the very old [16]. The recent data
from the PREVEND study is informative. Measures of
GFR were independently and significantly associated
with cardiovascular events only in subjects <60 years of
age [17].
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There is an additional fundamental and probably Del-
phic question as to whether the generally observed reduc-
tion in GFR in the elderly is a consequence of pathological
processes in the absence of which GFR would be similar
in the young and the elderly [reviewed in ref. 18]. Intui-
tively, and by analogy with almost every other organ sys-
tem, one would predict that there would be an age-related
reduction in kidney function with time. There are mor-
phological and functional differences in the kidneys of
the elderly compared to the young, which are explained
in part by differences in their vasculature. Since this is a
general phenomenon in all circulations and elderly sub-
jects and is seen in laboratory animals, it is a moot point
as to whether this represents a natural process of tissue
and organ senescence or a form of pathology.

One should nevertheless take a common sense clinical
attitude to the reduced (compared to younger subjects)
GFRs of the elderly. Just because they do not deserve the
label of CKD does not mean that they should not be han-
dled with care. A low GFR may be a consequence of se-

nescence, subclinical vascular disease and genuine pa-
thology (sometimes occurring simultaneously). The cli-
nician should not be tempted to use age as an excuse not
to consider the possibility of bona-fide renal disease
which is much more likely to progress or cause untoward
events such as AKI or cardio-vascular disease.

A low GFR implies a reduced reserve and vulnerabil-
ity to drug overdosing (especially with water-soluble
drugs that depend on GFR for excretion), and the insults
which can precipitate AKI. The eGFR can be a guide to
risk in the individual without the need to describe the
individual as chronically diseased. Risks and diseases are
different [19].

The elderly and the very old deserve careful analysis
before they are labelled as having a chronic disease based
solely on a single laboratory measurement, especially one
with inherent inaccuracies.
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