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INTRODUCTION

Current guidelines define a diagnosis of chronic kidney
disease (CKD) when glomerular filtration rate (GFR) falls
persistently below a fixed threshold of 60 ml/
min/1.73 m2, regardless of age.1 This approach has been
criticized as it does not account for physiological aging,
nor the lifetime risk of end-stage kidney disease, which
becomes less likely with increasing age due to the rising
risks of death from other causes. Alternative, age-adapted
CKD thresholds were formally proposed by a group of
experts in nephrology and GFR measurement in 2019,2

suggesting that the GFR threshold for diagnosis be
increased to 75 ml/min/1.73 m2 in persons younger than
40 years, retained at 60 ml/min/1.73 m2 for those aged
40–64 years and lowered to 45 ml/min/1.73 m2 for those
aged 65 years and older.

Potential advantages of an age-adapted
CKD definition in older people

Proponents of an age-adapted definition of CKD suggest
two main arguments to support the adoption of lowered
diagnostic thresholds in older people.2

1. Kidney senescence is commonly observed with
increasing age. In healthy living kidney donors,
increasing age over 35–40 years was associated with
progressively lower nephron number and measured
GFR (mGFR),3,4 whereas single-nephron GFR
remained relatively constant.3 With increasing age, a
degree of eGFR decline is expected: across a fixed
eGFR threshold, a greater proportion of older adults
will be diagnosed with CKD, even in otherwise
healthy individuals.

2. Mortality risk is higher on average in older adults with
GFR <45 ml/min, but not with GFR 45–60 ml/min,
compared to those with GFR >60 ml/min. In a study
reported in JAMA Internal Medicine, Liu et al.5

reported the estimated prevalence of CKD, and the
subsequent incidence of kidney failure and death
according to standard versus age-adapted thresholds;
and risks were compared with a reference group
of patients considered not to have CKD (eGFR
60–89 ml/min/1.73 m2). In this study, changing
thresholds for CKD diagnosis affected older adults in
the following ways: age-adapted thresholds identified
a lower prevalence of CKD in the over 65 age group
compared to the standard definition (decreased from
72.6% to 51.4%). The median age and eGFR at
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diagnosis went down (age decreased from 73 to
68 years and eGFR decreased from 53 to 43 ml/
min/1.73 m2). Using the standard definition, individ-
uals with an eGFR of 45–59 ml/min/1.73 m2 would be
classified as having early-stage CKD, however, they
were found to have similar risks of kidney failure and
death as those without CKD. In contrast, those with
early CKD using the age-adjusted definition had a
higher risk of death and kidney failure compared to
those without CKD. These findings appear reassuring
that using a lower eGFR threshold that reduced the
frequency of diagnosis of CKD in older adults would
be unlikely to miss people at high risk of progression
to kidney failure and may reduce medicalization of
CKD; however, we are not aware of data that support
improvements in quality of life or other patient-
centered outcomes by avoiding “overdiagnosis” of
CKD in older people.

Potential disadvantages of an age-adapted
CKD definition in older people

In our opinion, there are two major disadvantages to adopt-
ing age-adapted thresholds that disproportionately affect
older adults. First, that GFR is usually estimated using
serum creatinine alone (eGFRcr), which performs progres-
sively worse with higher age and frailty. Second, that the
primary, preventable risk associated with CKD and CKD
progression in older people is cardiovascular disease: partic-
ularly in the early stages of CKD, eGFRcr decline does not
necessarily correlate with cardiovascular disease risk; other
glomerular filtration markers are more sensitive and spe-
cific for detecting older adults at higher risk of cardiovascu-
lar disease. We will discuss each of these issues in turn,
before considering our recommendations for the diagnosis
and management of CKD in older patients.

Serum creatinine alone overestimates GFR
and underestimates risk in older adults

The most important determinants of serum creatinine at
normal GFR are muscle mass and physical activity.6 Mus-
cle mass and function both decline at older age, even in
healthy individuals.7 eGFRcr equations includes an
adjustment for age and sex, but incompletely account for
differences in “average” loss of muscle mass with age: the
populations in which the most popular equations were
developed primarily included male participants in middle
age.8,9 Due to lower muscle mass and function with
increasing age, serum creatinine therefore tends to over-
estimate GFR (and underestimate CKD)6 in older people.

Given the challenges of using serum creatinine alone
in equations to estimate kidney function in older adults,
international guidelines suggest additional, confirmatory
testing for CKD using cystatin C.10 Cystatin C is the most
widely studied alternative to serum creatinine for esti-
mating kidney function, but is not currently widely used,
primarily due to differences in cost and availability.
Cystatin C is more expensive than serum creatinine:
£2.50 (US $3) compared to £0.25 (US $0.30).11 However,
with calls for wider implementation of cystatin C
testing,12 costs may fall due to economies of scale and it
may become more practical for smaller laboratories to
offer this test routinely. Cystatin C has also been criti-
cized as a marker of kidney function: serum levels may
also be influenced by inflammation, obesity, diabetes,
smoking and thyroid disease,13–16 and eGFRcys may also
capture aspects of cardiometabolic risk not directly
related to kidney function. However, eGFR based on
cystatin C offers a more accurate estimate of GFR than
serum creatinine around the threshold for CKD diagnosis
(60 ml/min/1.73 m2).9,17–19 In older populations specifi-
cally, both eGFRcr-cys and eGFRcys have been shown to
be superior to eGFRcr for GFR estimation, and they
improve classification of CKD across a threshold of
60 ml/min/1.73 m2.17,18

Kidney failure is not the primary risk
associated with CKD

Cardiovascular disease and death are more common than
kidney failure at all ages and all stages of CKD.20,21 It is
in the early stages of CKD where primary preventative
treatments for cardiorenal complications, such as
sodium-glucose co-transporter 2 inhibitors (SGLT2i), sta-
tins and anti-hypertensives, are most likely to be effec-
tive. Early identification of CKD and recognition of the
broader implications of this diagnosis is essential to opti-
mize cardiorenal risk reduction strategies and protect
older adults from preventable disease.

Around the threshold for CKD diagnosis (both above
and below eGFRcr 60 ml/min/1.73 m2), eGFRcys offers
enhanced risk stratification of kidney failure, death, and
cardiovascular disease compared with eGFRcr,22 particu-
larly stroke in older adults.23 Older adults with eGFRcys
(but not necessarily eGFRcr) 45–59 ml/min/1.73 m2 have
elevated risks for all of the important complications of
CKD, particularly cardiovascular disease. Compared with
eGFRcr levels of 45 ml/min/1.73 m2, similar values of
eGFRcys are associated with nearly twice the age-
adjusted risk of cardiovascular disease and death.21,24

eGFRcr-cys also offers enhanced risk stratification com-
pared with eGFRcr alone21,24; however, the inclusion of
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serum creatinine in this equation appears to attenuate
the ability to detect risk compared with eGFRcys.

Recommendations

Although there is some rationale for tailoring the eGFR
thresholds for CKD by age, these are restricted by the
limitations of the creatinine test. We favor a modified
approach.

1. Retain current thresholds for CKD diagnosis.
Simplicity is important. As for other chronic disease
processes with risk-based thresholds for diagnosis
(such as hypertension), most CKD is managed in pri-
mary care. eGFR tends to decline with increasing age
and so CKD is expected to become more common at
older age. Retaining the existing, higher thresholds for
CKD diagnosis in older people allows for an increased
frequency and earlier diagnosis of CKD diagnosis at
older age. An increased frequency of diagnosis
increases awareness of CKD and encourages vigilance
in monitoring (for example, improving albuminuria
testing), but allows for some flexibility in approach.
Drawing parallels with hypertension, management is
undoubtedly different (and often less aggressive) in
older people, acknowledging that the relative benefit
of treatment may be lower, and there may be a higher
risk of adverse effects associated with intensive treat-
ment of hypertension. The same is true for CKD.

2. Perform confirmatory testing for CKD using
cystatin C in older adults.
In older adults (age >65 years) with eGFRcr 45–
74 ml/min/1.73 m2, we recommend performing con-
firmatory testing for CKD using measures based on
cystatin C (eGFRcys or eGFRcr-cys). This is in keep-
ing with (uncommonly implemented) recommenda-
tions from Kidney Disease Improving Global
Outcomes (KDIGO) international guidelines for the
diagnosis and management of CKD.10 Sending a sin-
gle serum value of cystatin C allows the flexibility to
incorporate this filtration marker into various equa-
tions.
Confirmatory testing using eGFRcys or eGFRcr-cys,
around the threshold of 60 ml/min/1.73 m2, could
yield two main advantages relative to changing the
thresholds for diagnosis. First, equations incorporat-
ing cystatin C improves the specificity of CKD diagno-
sis and the accuracy of GFR estimation in older
individuals,18 with implications for drug dosing and
avoidance of nephrotoxins. Although cystatin C test-
ing is expected to identify a proportion of older adults
with CKD who were not identified using eGFRcr
alone (therefore qualifying some additional older

adults for further monitoring, treatments or referral to
specialty care) cystatin C testing as eGFRcys or
eGFRcr-cys may also de-classify a proportion of older
adults from the CKD definition, achieving one of the
primary aims of age-adapted CKD thresholds.2 Fur-
ther confirmatory work in diverse older populations
would be welcomed. Second, compared to eGFRcr
alone, cystatin C testing (eGFRcys or eGFRcr-cys)
improves detection of high-risk CKD around the
threshold for CKD diagnosis, identifying older individ-
uals who are more likely to benefit from early inter-
vention for cardiovascular disease, kidney failure, and
premature death. Importantly, around the threshold
for CKD diagnosis (GFR 45–74 ml/min/1.73 m2),
cystatin C testing will also re-classify a proportion of
older adults with eGFRcys or eGFRcr-cys >60 ml/
min/1.73 m2 as lower risk, allowing direction of risk
reduction strategies and specialty care resources to
those at greatest risk for CKD complications
(Figure 1).
We would recommend eGFRcr-cys to improve accu-
racy of GFR estimation and to guide drug dosing. We
would recommend eGFRcys alone for risk assessment
of cardiovascular disease, and mortality. Though
detailed discussions of cost implications are beyond
the scope of this commentary, the reduction in health-
care costs (including hospitalizations and procedures)
associated with cardiovascular events may offset the
additional cost of cystatin C testing and primary pre-
vention strategies.

3. Individualize risk assessment.
After understanding that individuals with eGFRcys or
eGFRcr-cys <60 ml/min/1.73 m2 are generally at
higher risk of CKD complications, clinicians can fur-
ther estimate individual risk. A variety of calculators
have been developed and validated in large, multi-
center cohorts which determine individualized risk of
incident CKD, kidney failure, cardiovascular disease
and mortality (https://ckdpcrisk.org). In an era when
precision medicine is increasingly pursued, the ability
to quantify the risk associated with reductions in kid-
ney function is more informative to patients, and to
practitioners, than a label of present or absent CKD.
The kidney failure risk equation (KFRE) quantifies
5-year risk of kidney failure requiring renal replace-
ment therapy in people with eGFR <60 ml/
min/1.73 m2. This equation has been validated and
recalibrated in an older cohort (average age 75 years)
of people with CKD in primary care,25 identifies a
greater proportion of older individuals who may benefit
from nephrology specialty care referral than by using
eGFR thresholds alone26 and may reduce nephrology
wait times.27 In the UK, updated guidelines (2021)
recommended referral to a nephrologist when 5-year
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KFRE is >5%. Though other national and international
groups have not yet recommended KFRE thresholds to
guide nephrology referrals, it is likely that KFRE will
feature more prominently soon (KDIGO guidelines are
due to be updated in 2023).
Among older adults who do not qualify for referral to
nephrology specialty care, eGFRcys more sensitively
identifies and more appropriately stratifies those who
are at higher risk of cardiovascular disease21,24 and
who may benefit from interventions to reduce cardio-
vascular risk (Figure 1).

CONCLUSION

“eGFRcr around the thresh-
old for diagnosis of CKD is
less accurate, particularly in
older people. Older people
with eGFRcr 45–59 ml/
min/1.73 m2 are not neces-
sarily at low risk of CKD
complications.”

In the group of patients with eGFRcr 45–59 ml/
min/1.73 m2, there are individuals who are both at higher
and lower risk of cardiovascular disease, kidney failure and
premature death. Cystatin C testing (eGFRcys or eGFRcr-
cys) can be used to: (i) improve specificity of diagnosis of
CKD in older people; and (ii) stratify the risk of cardiovas-
cular disease, kidney failure, and death in older patients.
With longer life expectancy and an aging population, we
should be adapting our testing strategies to suit the needs of
our older patients, rather than changing patient care to
adapt to the limitations of the creatinine test.
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FIGURE 1 Schematic of the potential utility of cystatin C testing (as eGFRcys or eGFRcr-cys) to risk-stratify older adults with eGFRcr

around the threshold of CKD diagnosis. SGLT2i: sodium-glucose co-transporter-2 inhibitors
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