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Abstract

The introduction of the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines has substantially contributed to the
early detection of different stages of chronic kidney disease (CKD). Several recent studies from different parts of the world
mention a CKD prevalence of between 8 and 13%. There are several reasons the CKD prevalence found in a study of a partic-
ular population is clearly overestimated. The structure of the population pyramid (young or older age) of the study sample
may result in high or low CKD prevalence. The absence of using an isotope dilution mass spectrometry creatinine assay can
be the source of high bias in CKD prevalence. In addition, using an arbitrary single threshold of estimated glomerular filtra-
tion rate (eGFR; <60 mL/min/1.73 m?) for classifying CKD leads to a substantial ‘overdiagnosis’ (false positives) in the elderly
(>65 years of age), particularly in those without albuminuria (or proteinuria), haematuria or hypertension. It also results in
a significant ‘underdiagnosis’ (false negatives) in younger individuals with an eGFR >60 mL/min/1.73 m? and below the third
percentile for their age/gender category. The use of third percentile eGFR rates as a cut-off based on age/gender-specific
reference values of eGFR allows the detection of these false positives and negatives. In the present article, we focus on an
important and frequently omitted criterion in epidemiological studies: chronicity. Indeed, the two most important factors
introducing a high number (up to 50%) of false positives are lack of confirming proteinuria and the absence of proof of
chronicity of the eGFR found at first screening. There is an urgent need for quality studies of the prevalence of CKD using
representative randomized samples of the population, applying the KDIGO guidelines correctly.
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CKD. These three letters form one of the most used acronyms in
the nephrology literature. Indeed, CKD (chronic kidney disease)
is the common, general term wused to describe the
clinicopathologic state potentially leading to end-stage renal
disease (ESRD), whatever the nature of the underlying patho-
physiological process, from specific genetic or immune diseases
(such lupus nephritis) to more systemic insults (such as diabetic
nephropathy) [1, 2]. In a very real sense, CKD is a generic term.
This acronym, initially promoted by the US-based National

Kidney Foundation Kidney Disease Outcomes Quality Initiative
(KDOQI) [3] and later confirmed and extended by the Kidney
Disease: Improving Global Outcomes (KDIGO) international
guidelines [4], has the advantage that the same language is spo-
ken everywhere. The term CKD has now replaced several other
expressions that were used in the literature, including renal in-
sufficiency, chronic renal failure and chronic renal disease [5, 6].
In these different nomenclatures, one word is common:
‘chronic’. The chronicity of the kidney disease is clearly defined
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in the KDIGO guidelines for the evaluation of CKD [4] ‘CKD is
defined as abnormalities of kidney structure or function, pre-
sent for >3 months, with implications for health’ [4]. Thus, im-
plicitly, this recommendation assumes that abnormalities are
present at two different times, and so need to be measured at
baseline and then confirmed at a subsequent time, specifically
>3 months. As acknowledged by the KDIGO authors, the choice
of the timing (3 months or 90 days) is a bit arbitrary, based more
on clinical experience than clear evidence. This limit of 3
months has the advantage of being clear, explicit and easy to
implement [4]. If the word ‘abnormality’ can encompass differ-
ent concepts, certainly, the two most tested renal abnormal-
ities, both in clinical practice and research, are the estimated
glomerular filtration rate (eGFR), by creatinine-based equations,
and the ‘spot’ urine albumin:creatinine ratio (UACR). Sensu
stricto, CKD status can be attributed to a patient only if low eGFR
and/or high UACR have been found at two different times, with
at least a 3-month gap.

Focusing on the eGFR parameter, it is particularly intriguing
that this chronicity criterion is often not considered in clinical re-
search, and still less in renal epidemiology. The majority of pub-
lished epidemiological studies consider the prevalence of CKD in
general or specific populations [1, 7], but the vast majority of
these studies have totally ignored the chronicity part of the CKD
definition. In other words, nearly all studies have considered CKD
for people with an eGFR <60 mL/min/1.73 m? but measured only
once. A study published in the current issue of Clinical Kidney
Journal shares this important limitation [8]. However, this study is
important, even though confined to a particular occupation
(teachers), for several reasons. Good epidemiological data are
scarce in Africa, especially in the sub-Saharan area [9-11].
Moreover, the study focuses on a relatively young and active
population (46.3 * 8.5-years-old teachers) and they used the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
creatinine equation without the ethnic ‘African American Black’
coefficient factor, which seems misleading in African non-
American populations [12, 13]. As expected in this young popula-
tion, the prevalence of low eGFR (defined as eGFR <60 mL/min/
1.73 m?) with the CKD-EPI creatinine equation was relatively low,
at 1.8%. We question if the prevalence of CKD would have been
still lower if the chronicity criterion had been available. In other
words, can we estimate the impact of confirming low GFR on the
CKD prevalence in epidemiologic studies?

Based on the available literature, the impact of the con-
firmed diagnosis is far from negligible. In the National Health
and Nutrition Examination Survey III, GFR was estimated by the
Modification of Diet in Renal Disease (MDRD) equations. In a
random sample of 98 patients with an eGFR <60 mL/min/
1.73 m?, a second examination (in a median period of only 2
weeks) classified 77% of the same patients in the same category
(stage 3A CKD). Thus 23% who would have been considered as
‘diseased’ had moved to ‘healthy’ after only a second creatinine
measurement [14]. In 2006, Eriksen and Ingebretsen [16] pub-
lished the results of patient and renal survival in the population
of Tromsg, Norway, over a 10-year period. At that time, the
population of Tromsg was ~58 000 and 38 241 had one or more
eGFR results available (by the MDRD non-standardized equation
with coefficient 186 [15]) [16]. Among these 38 241 subjects, 6863
(17.9%) had an eGFR <60 mL/min/1.73 m? The authors applied
the chronicity criterion at 3 months. The CKD prevalence thus
decreased to 3162 (8.3%), as 1526 (3.9%) had no second measure-
ment and, importantly, 2175 (5.7%) had subsequent estimations
>60mL/min/1.73 m?% Therefore, considering only patients with
second measurements available (n=5337), it can be calculated
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that 40.7% of subjects with a first eGFR <60 mL/min/1.73 m? will
not be confirmed as being CKD on the second estimation [16]. In
another analysis from the same database (but using the stand-
ardized MDRD equation with coefficient 175 [17]), these authors
also illustrated that the prevalence of CKD is influenced by the
period of time used for the chronicity criterion [18]. If a 3-month
period is considered, the prevalence of CKD was 3.2%, but it
decreased to 2.0% if the chronicity criterion is obtained on a lon-
ger (i.e. 1-year) period [18].

Prospective longitudinal studies studying the slope of GFR in
general or specific populations are scarce [19-22]. In 2015, Inker
et al. [22] proposed such a study with longitudinal creatinine
measurements (and eGFR by the CKD-EPI equation) of 3888 resi-
dents 31-59 years of age in Reykjavik, Iceland, with a mean
follow-up of 25+ 10 years and baseline eGFR >60mL/min/1.73
m?. In this cohort, the authors calculated the lifetime risk for
CKD stages 3-5. Interestingly, the authors used different CKD
definitions. The first requires two consecutive measurements of
eGFR <60 mL/min/1.73 m? or one measurement of eGFR <60 mL/
min/1.73 m? if it was the last measurement of eGFR due to death
or lack of subsequent creatinine measurement or ESRD. The se-
cond requires eGFR <60 mL/min/1.73 m? on two occasions or
eGFR <60 mL/min/1.73 m? on the first measurement if the par-
ticipant died before the second measurement or ESRD. The third
requires eGFR <60 mL/min/1.73 m? on two occasions or one
eGFR <45 mL/min/1.73 m? if it was at the last measurement of
eGFR due to death or lack of subsequent creatinine measure-
ment or ESRD. The fourth requires only one measurement of
eGFR <60 mL/min/1.73 m?, irrespective of the results of follow-
up measurements and was used for comparison with previous
reports. Among these definitions, the first three integrate the
notion of repeated measurement, whereas the last one is simi-
lar to definitions found in the majority of epidemiological stud-
ies. The results showed major discrepancies in lifetime CKD risk
according to the definition used, and the differences are espe-
cially relevant with the fourth definition. For example, a woman
who is currently 45 years of age has a lifetime risk of CKD stages
3-5 of 8.6, 7.8, 7.2 and 16.8% with definitions 1, 2, 3 and 4, re-
spectively. In all analyses (men/women, different age categories
and different follow-up), the CKD lifetime risk was systematic-
ally the highest with the definition including a single eGFR re-
sult. Other definitions can lead to variable results in terms of
risk. We must keep in mind that the period of time between two
consecutive measurements was also variable, but basically
much longer (3-7 years) than the 3-month period required in
the KDIGO definition [22]. The conclusions of this article must
thus be interpreted with caution regarding the purpose of the
current editorial, but these results perfectly illustrate that using
a single eGFR result will lead to a significantly higher prevalence
of CKD [22, 23].

The last study we want to discuss overcomes the shortcom-
ings of the Inker et al. [22] study. In a seminal study, Benghanem
Gharbi et al. [11] studied the prevalence of CKD in a randomized
(voter list) cohort of 10 524 adult subjects in Morocco, represen-
tative of the general population. The authors strictly applied the
CKD definition from the KDIGO guidelines, meaning that every
low GFR (with the MDRD creatinine equation) should be con-
firmed after 3 months by a second measurement; chronicity
was evaluated after 6 and 12 months. In this relatively young
population, the prevalence of a decreased GFR (defined as
eGFR <60 mL/min/1.73 m? was only 1.6%. Among these ‘CKD’
subjects, chronicity was tested in 78.9% (n=285). When rein-
vestigated after 3 months (or later), 32% of stage 3A CKD and
7.8% of stage 3B subjects had an eGFR >60 mL/min/1.73 m?.
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Based on both studies from Benghanem Gharbi et al. [11] and
Eriksen and Ingebretsen [16], it can be suggested that 30-40% of
patients labelled as CKD stage 3A when the diagnosis is based
on only a single eGFR determination could actually move to
‘normal’ eGFR if the measurement is repeated after 3 months.
These subjects could be considered as ‘false-positive’ CKD pa-
tients, questioning the validity of the majority of CKD epidemio-
logical studies.

How can this high rate of false-positive diagnoses be ex-
plained? In the KDIGO perspective, the rationale of the
3-months threshold is to differentiate acute kidney disease
(AKD) from CKD. In this view, the importance of fulfilling the
chronicity criterion is unquestionable, as the care for CKD and
AKD are very different. However, it seems unlikely that AKD ex-
plained very much of the 30% false-positive results, even if this
assertion is based on lack of data. In part, these false-positive
results can be explained by creatinine variability. As with any
biological variable, creatinine can vary physiologically. In other
words, if serum creatinine is repeatedly measured in the same
individual under the same conditions with the same analytical
methods, a variation [coefficient of variation (CV)] will be
observed, i.e. the so-called intra-individual CV (CV)) [24]. This is
also the case for measured GFR which can vary in the same in-
dividual by 5-10% [25]. At this point, another source of variabil-
ity must be added, i.e. the CV due to the analytical imprecision
of the measurement, or analytical CV (CV,). CV, is dependent
on the method (enzymatic or Jaffe) and specific assays used to
measure serum creatinine. Both CV; and CV, determine the
concept of critical difference or least significant change (LSC),
which is defined as the smallest change over a limited period of
time (classically some weeks) between results from the same
individual that is not due to chance. We will consider the Jaffe
methods for creatinine measurement, as these methods are
most frequently used in the epidemiological studies [7].
Globally, for these methods, the LSC can be evaluated at ~20%
[26, 27]. For a given man and woman age 60 years with a serum
creatinine value of 1.2 and 0.9 mg/dL, respectively, the LSC con-
cept implies that these values could normally vary from 0.96 to
1.44 and 0.72 to 1.08 mg/dL, respectively. Using the CKD-EPI
equations and the same examples (1.2 and 0.9mg/dL), the cor-
responding eGFR values will be 65 and 70mL/min/1.73 m?
However, because of normal variability of serum creatinine, the
repeated eGFR results could be between 52 and 86 and 56 and
91mL/min/1.73 m? respectively. In some cases, such physio-
logic variations of creatinine will lead to abnormal eGFR values
(<60 mL/min/1.73 m?) [27]. The only way to prevent this variabil-
ity is by repeating measurements, even over a short period of
time. To be considered in the global context of clinical research,
additional variability in repeated creatinine measurements can
still occur if the samples are drawn at different moments of the
day and/or in non-fasting conditions, as circadian variation and
the influence of cooked meat intake on serum creatinine are
both well known [1].

The confirmation of CKD by repeating measurements, not-
ably of eGFR, is mandatory. However, some pitfalls must be dis-
cussed. First, as already discussed, the period of time
considered for the application of the chronicity criterion (>3
months) will influence the results: the longer the period be-
tween two measurements, the lower the CKD prevalence [18]. If
a too long period of time is used for confirmation, there is a risk
of increasing lost data for follow-up, the risk of increasing non-
available data and also the risk of competing events, such as
death in elderly populations. Second, according to the principle
of regression toward the mean, if creatinine variability can

explain that some positive results (eGFR <60 mL/min/1.73 m?
become negative (eGFR >60 mL/min/1.73 m?) after a second test,
there is the same risk that the first negative results are actually
false negative and that repeated measurements would have
been positive. However, because the first measurement is nega-
tive, this second measurement is not done. Therefore, to the
best of our knowledge, the potential impact of these potentially
false-negative results on the prevalence of CKD have not been
studied. Third, in some retrospective analyses, with no system-
atic second measurement, there is a high risk of bias by indica-
tion. Indeed, in general, repeated creatinine measurements will
be prone to be done in patients with CKD or at higher risk of
CKD. This point is illustrated in a recent study from Sweden
where the chronicity criterion could have been applied only in
sicker subjects, leading to higher CKD prevalence in patients
with repeated measurements. In this study, the authors also
considered the time average value of different serum creatinine
values, which is highly questionable and not justified by the au-
thors [28].

Until now, we focused on eGFR abnormality, but the same
reasoning can be applied to the UACR. Indeed, confirmation of
albuminuria (or proteinuria) found at the first screening is an-
other essential condition of the KDIGO guidelines before clas-
sifying an individual as having CKD or not. Many factors can
influence albumin excretion, including obesity, age, sex, distant
inflammation, high blood pressure, infection and drug use [29],
resulting in wide fluctuations and hence false positivity of albu-
minuria. Several authors found a high percentage (>50%) of
false-positive albuminuria at low values [urinary UACR 30-50
mg/g; dipstick proteinuria +], but less at higher values or dip-
stick ++and +++ [11, 30, 31]. In the same way, CV; or repeat-
ability of UACR is very high (>50%), and this variability is higher
in low UACR ranges (>100%) [32]. Together with the absence of
proof of low eGFR chronicity, this non-confirmation of albumin-
uria (or proteinuria) in almost all epidemiological studies [7, 19]
in the last 15 years results in false positivity of CKD prevalence
of >50% [11]. In addition, since creatinine excretion is in the de-
nominator of the UACR equation, variations in creatinine excre-
tion can influence the results independent of true albumin
excretion rates. Low creatinine excretion (as in sarcopaenic eld-
erly adults, chronic steroid myopathy or strict vegetarians) can
spuriously elevate the UACR value and marked overexcretion of
creatinine (muscle builders or obesity) can falsely lower the
UACR values, leading to CKD misclassification in both circum-
stances [33, 34].

Large grey areas still exist in our knowledge of the true
prevalence of CKD (according to its various causes) at the popu-
lation level. Recent publications have questioned the purported
‘epidemic’ aspect of CKD [1]. But this topic is beyond the scope
of this editorial; however, several other methodological aspects
of CKD epidemiologic studies should be discussed and could ex-
plain, at least in part, the frequent overestimation of the preva-
lence of CKD in the current literature, namely, the choice of
eGFR instead of measured GFR [25], the choice of the equations
for eGFR [35], the choice of the biomarker [36, 37] and the choice
of a unique threshold for CKD (at 60 mL/min/1.73 m? instead
of an age-calibrated threshold [36, 38]. Regarding this last point,
we have advocated an age-sensitive threshold for CKD def-
inition [36, 38], or better still, the use of third percentile eGFR
creatinine levels based on age-/sex-specific reference values
[11, 39]. This approach overcomes the false positives; that is, in-
dividuals with a still normal eGFR for their age (>3rd percentile),
especially in case of an absence of renal damage (albuminuria,
proteinuria or hematuria), who might correctly be considered as
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not having CKD at all [11, 36, 38, 40, 41]. Of comparable import-
ance is considering the young group of individuals with findings
leading to a classification of no CKD, that is, no albuminuria
(proteinuria) and a low eGFR for their age (<3rd percentile for
age and sex category), but above the non-age-sensitive thresh-
old of <60 mL/min/1.73 m? used in the KDIGO guidelines. Young
and middle-aged adults with an eGFR of 60-74 mL/min/1.73 m?
but without albuminuria/proteinuria or other signs of kidney
damage may be better classified as ‘false negative’ CKD in our
view [11, 42].

Among all these methodological parameters that have
been briefly discussed, the application of the chronicity criter-
ion is firmly and unequivocally mandatory in the diagnosis of
CKD, as it is one of the important causes of false positive CKD
diagnosis in case of non application. In epidemiology, like in
life ... before acting, think twice!

Conflict of interest statement

None declared.

References

1. Glassock RJ, Warnock DG, Delanaye P. The global burden of
chronic kidney disease: estimates, variability and pitfalls.
Nat Rev Nephrol 2017; 13: 104-114

2. Anders H-J, Jayne DRW, Rovin BH. Hurdles to the introduc-
tion of new therapies for immune-mediated kidney dis-
eases. Nat Rev Nephrol 2016; 12: 205-216

3. National Kidney Foundation. K/DOQI clinical practice guide-
lines for chronic kidney disease: evaluation, classification,
and stratification. AmJ Kidney Dis 2002; 39: S1-266

4. National Kidney Foundation. KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic
kidney disease. Kidney Int Suppl 2013; 3: 1-150

5. Hall YN, Himmelfarb J. The CKD classification system in the
precision medicine era. Clin ] Am Soc Nephrol 2016 Nov 30. pii:
CJN.09310916. [Epub ahead of print]

6. Hsu C, Chertow GM. Chronic renal confusion: insufficiency, fail-
ure, dysfunction, or disease. AmJ Kidney Dis 2000; 36: 415418

7. Briick K, Stel VS, Gambaro G et al. CKD prevalence varies
across the European general population. ] Am Soc Nephrol
2016; 27:2135-2147

8. Adeniyi AB, Laurence CE, Volmink JA et al. Prevalence of
chronic kidney disease and association with cardiovascular
risk factors among teachers in Cape Town, South Africa. Clin
Kidney J 2017; 10: 363-369

9. Stanifer JW,Jing B, Tolan S et al. The epidemiology of chronic
kidney disease in sub-Saharan Africa: a systematic review
and meta-analysis. Lancet Global Health 2014; 2: e174-181

10. Sumaili EK, Nseka NM, Lepira FB et al. Screening for protein-
uria and chronic kidney disease risk factors in Kinshasa: a
World Kidney Day 2007 study. Nephron Clin Pract 2008; 110:
€220-c228

11. Benghanem Gharbi M, Elseviers M, Zamd M et al. Chronic
kidney disease, hypertension, diabetes, and obesity in the
adult population of Morocco: how to avoid ‘over’- and
‘under’-diagnosis of CKD. Kidney Int 2016; 89: 1363-1371

12. Delanaye P, Mariat C, Maillard N et al. Are the creatinine-
based equations accurate to estimate glomerular filtration
rate in african american populations? Clin ] Am Soc Nephrol
2011, 6: 906-912

13. van Deventer HE, George JA, Paiker JE et al. Estimating glom-
erular filtration rate in black South Africans by use of the

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Epidemiology of CKD | 373

modification of diet in renal disease and Cockcroft-Gault
equations. Clin Chem 2008; 54: 1197-1202

Coresh J, Astor BC, Greene T et al. Prevalence of chronic kid-
ney disease and decreased kidney function in the adult US
population: Third National Health and Nutrition
Examination Survey. Am] Kidney Dis 2003; 41: 1-12

Levey AS, Bosch JP, Lewis JB et al. A more accurate method to
estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999; 130: 461-470
Eriksen BO, Ingebretsen OC. The progression of chronic kid-
ney disease: a 10-year population-based study of the effects
of gender and age. Kidney Int 2006; 69: 375-382

Levey AS, Coresh ], Greene T et al. Using standardized serum
creatinine values in the modification of diet in renal disease
study equation for estimating glomerular filtration rate. Ann
Intern Med 2006; 145: 247-254

Eriksen BO, Ingebretsen OC. In chronic kidney disease stag-
ing the use of the chronicity criterion affects prognosis and
the rate of progression. Kidney Int 2007; 72: 1242-1248
Delanaye P, Glassock RJRJ. Glomerular filtration rate and
aging: another longitudinal study...a long time coming!
Nephron 2015; 131: 1-4

Lindeman RD, Tobin J, Shock NW. Longitudinal studies on
the rate of decline in renal function with age. ] Am Geriatr Soc
1985, 33: 278-285

Malmgren L, McGuigan FE, Berglundh S et al. Declining esti-
mated glomerular filtration rate and its association with
mortality and comorbidity over 10 years in elderly women.
Nephron 2015; 130: 245-255.

Inker LA, Tighiouart H, Aspelund T et al. Lifetime risk of stage
3-5 CKD in a community-based sample in Iceland. Clin ] Am
Soc Nephrol 2015; 10: 1575-1584

Delanaye P, Glassock RJ. Lifetime risk of CKD: what does it
really mean? Clin] Am Soc Nephrol 2015; 10: 1504-1506

Ricos C, Cava F, Garcia-Lario JV et al. The reference change
value: a proposal to interpret laboratory reports in serial
testing based on biological variation. Scand J Clin Lab Invest
2004; 64: 175-184

Delanaye P, Ebert N, Melsom T et al. Iohexol plasma clear-
ance for measuring glomerular filtration rate in clinical prac-
tice and research: a review. Part 1: How to measure
glomerular filtration rate with iohexol? Clin Kidney ] 2016; 9:
700-704

Costongs GM, Janson PC, Bas BM et al. Short-term and long-
term intra-individual variations and critical differences of
clinical chemical laboratory parameters. J Clin Chem Clin
Biochem 1985; 23: 7-16

Delanaye P, Cohen EP. Formula-based estimates of the GFR:
equations variable and uncertain. Nephron Clin Pract 2008;
110: c48-c53

Gasparini A, Evans M, Coresh ] et al. Prevalence and recogni-
tion of chronic kidney disease in Stockholm healthcare.
Nephrol Dial Transplant 2016; 13: 2086-2094

Glassock RJ. Is the presence of microalbuminuria a relevant
marker of kidney disease? Curr Hypertens Rep 2010; 121: 364-368
Coresh ], Selvin E, Stevens LA et al. Prevalence of chronic kid-
ney disease in the United States. JAMA 2007; 298: 2038-2047
Hooi LS, Ong LM, Ahmad G et al. A population-based study
measuring the prevalence of chronic kidney disease among
adults in West Malaysia. Kidney Int 2013; 84: 1034-1040
Naresh CN, Hayen A, Weening A et al. Day-to-day variability
in spot urine albumin-creatinine ratio. Am J Kidney Dis 2013;
62:1095-1101


Deleted Text: (
Deleted Text: )
Deleted Text:  to 
Deleted Text: ml
Deleted Text: ``
Deleted Text: ''
Deleted Text: (
Deleted Text: )

CLiNICAL KIDNEY JOURNAL

33.

34.

35.

36.

37.

374 | P.Delanaye etal.

Fotheringham J, Weatherley N, Kawar B et al. The body com-
position and excretory burden of lean, obese, and severely
obese individuals has implications for the assessment of
chronic kidney disease. Kidney Int 2014; 86: 1221-1228
Bouquegneau A, Dubois BE, Krzesinski JM et al. Anorexia
nervosa and the kidney. AmJ Kidney Dis 2012; 60: 299-307
Ebert N, Jakob O, Gaedeke J et al. Prevalence of reduced kidney
function and albuminuria in older adults: the Berlin Initiative
Study. Nephrol Dial Transplant 2016. doi: 10.1093/ndt/gfw079
Delanaye P, Glassock RJ, Pottel H et al. An age-calibrated def-
inition of chronic kidney disease: rationale and benefits. Clin
Biochem Rev 2016; 37: 17-26

Eriksen BO, Mathisen UD, Melsom T et al. Cystatin C is not a
better estimator of GFR than plasma creatinine in the gen-
eral population. Kidney Int 2010; 78: 1305-1311

38.

39.

40.

41.

42.

Glassock R, Delanaye P, E1 Nahas M. An age-calibrated clas-
sification of chronic kidney disease. JAMA 2015; 314:
559-560

van den Brand JA, van Boekel GA, Willems HL et al.
Introduction of the CKD-EPI equation to estimate glomerular
filtration rate in a Caucasian population. Nephrol Dial
Transplant 2011; 26: 3176-3181

Shardlow A, McIntyre NJ, Fluck RJ et al. Chronic kidney dis-
ease in primary care: outcomes after five years in a prospec-
tive cohort study. PLoS Med 2016; 13: 1-16

Wyatt CM. A rose by any other name: is stage 3a chronic kid-
ney disease really a disease? Kidney Int 2017; 91: 6-8

O’Hare AM, Bertenthal D, Covinsky KE et al. Mortality risk
stratification in chronic kidney disease: one size for all ages?
J Am Soc Nephrol 2006; 17: 846-853



