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ABSTRACT

Aging is a nearly universal phenomenon
in biology only partially controlled by
genetic endowment. Individuals and
their organs age at varying rates. The
kidneys manifest the aging process by
steady loss of nephrons and a corre-
sponding decrease in glomerular filtra-
tion rate (GFR) beginning about age 30
years. The mechanisms responsible for
this observation is are elusive. How-
ever, defining chronic kidney disease
based on arbitrary, fixed thresholds of
GFR in the later phases of life can be
problematical as it may over-diagnosis
CKD in the elderly. A modest, persisting
reduction of GFR (around 45-59 ml/
min/1.73m?) without abnormal protein-
uria does not seem to confer much of an
adverse effect on mortality and remain-
ing life expectancy in older adults and
the development of end-stage renal dis-
ease in such subjects is very uncommon.
Old kidneys should not be equated with
"diseased" kidneys.
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Resumo

O envelhecimento é um fenomeno quase
universal na biologia, apenas parcialmente
controlado pela dotacio genética. Os indi-
viduos e seus Orgaos envelhecem em taxas
varidveis. Os rins manifestam o processo de
envelhecimento por perda constante de né-
frons e uma diminui¢do correspondente na
taxa de filtracao glomerular (TFG) a partir
dos 30 anos. Os mecanismos responsaveis
por essa observagdo sao elusivos. No entan-
to, a defini¢do de doenca renal cronica com
base em limiares arbitrarios e fixos de TFG
nas ultimas fases da vida pode ser proble-
matica, pois pode levar a um excessivo diag-
nodstico de DRC em idosos. Uma modesta e
persistente reduciao da TFG (cerca de 45-59
ml/min/1,73 m?) sem proteiniria anormal
ndo parece conferir grande parte do efeito
adverso sobre a mortalidade e expectativa
de vida remanescente em adultos mais ve-
lhos; e o desenvolvimento de doenca renal
em fase terminal em tais individuos é muito
incomum. Rins mais velhos ndo devem ser
equiparados a rins "doentes".

Palavras-chave: doenga; nefrologia; rim.

WHAT 1S “GETTING OLD"?

Getting Old (aging) is
biological phenomenon, except perhaps

a universal

in the genus Hydra, which appears to
be immortal.! As such, it is difficult to
label aging as a disease, at least when a
departure from “normality” is a criterion
for a disease. The fundamental processes
responsible for aging are still incompletely
understood, but environment, genes and
chance all play important roles.>*

The rate of aging is quite varied,
even among identical members of the
same species.’ It has been estimated that
genes play a role in about 25% of the

variation in longevity, whilst environment
and chance play much larger roles.® A
progressive defect in the DNA repair
mechanisms, accompanied by shortening
of the telomeres is a characteristic of
normal physiologic aging.””.

Darwinian evolution of the species
places a much higher premium on
reproductive prowess rather than upon
mere longevity. Multiple organs are
involved in the aging process, leading
to a common phenotype of loss of skin
elasticity, slowing of nerve conduction,
reduced hair pigmentation, reduced
skeletal muscle mass, declining bone
density, oogenesis failure (in females),
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stiffening of blood vessels, impaired gastric hydrogen
ion secretion, altered taste sensation, slowing of
intestinal motility, impaired immunity, reduced lung
function from emphysema and, of course, impaired
kidney function, among others.

These processes can be accelerated by diseases
which tend to aggregate in older persons, such as
diabetes, cancer, hypertension and atherosclerosis,
largely because the aged have had more time to
acquire these degenerative diseases frequently linked
to environmental forces (e.g., diet, exercise, infections,
toxins).

When one attempts to define these diseases in the
older person, it is frequently necessary to adjust criteria
for what might be expected from chronological aging
per se; for example in the detection of osteoporosis
by DEXA scanning'® or for detection of chronic
obstructive pulmonary disease by spirometry.!!

The disentangling of the intertwined phenomena
of age-related disease and physiologic aging can be
difficult and challenging. As succinctly captured
by Tom Kirkwood in 1999, “grasping the correct
distinction between normal aging and disease smacks
of a semantic quibble, but words are powerful
and the consequences of how we use them can be

far-reaching”.!?

WHAT IS THE AGING KIDNEY?

The kidneys age in a stereotypical fashion, affecting
many aspects of their function, such as glomerular
filtration rate, large solute permselectivity, water
excretion and conservation, sodium chloride
homeostasis, acid-base balance, hormonal activity
and blood pressure control (Reviewed in 13)."3

This essay will focus on one of the best studied
of these functions; namely glomerular filtration rate
(GFR). It is self-evident that the aggregate GFR of
both kidneys (wkGFR) is equal to the product of
the number of functioning nephrons (NN) and the
average GFR of single nephrons (wkGFR = NN X
snGFR).

Although difficult to study in humans, the
investigation of values for the elements of this
equation, according to healthy (physiologic) aging,
has yielded some interesting findings. Detailed
anatomic and physiologic studies of the healthiest
of the healthy, normal living donors for kidney
transplantation by the Mayo Clinic and Cleveland
Clinic have been particularly revealing.'*"”
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We are all born with a complement of nephrons
determinedinlarge part by the process of nephrogenesis
in utero.?’ This process can be influenced, either
negatively or positively by the maternal-fetal nexus.
For example, low birth weight (< 2.5 Kg) is associated
with a lower complement of nephrons at parturition,
and post-natal nephrogenesis is minimal if it occurs at
all, except in premature infants.?'3

Thus, one can only lose, not gain nephrons as one
ages and the NN at any age is determined by NN at
birth (nephron endowment) and the rate of post-natal
loss of nephrons.

Among 1638 living donors studied by the Mayo
and Cleveland Clinic investigators, an average adult
18-29 years old has about 1,008,000 glomeruli per
kidney, 991,000 of which are presumably functioning
and 17,000 of which have undergone a scarring process
known as focal and global glomerulosclerosis (FGGS)."

Thus, according to the equation above, if the
wkGFR for two kidneys is 110ml/min, the average
snGFR of the functioning nephrons in a healthy
young adult is about 55 nl/min. By age 70-75 years the
average number of glomeruli per kidney has declined
to about 660,000, of which 520,400 are presumably
functioning and 142,000 have undergone FGGS."

If the normal wkGFR for a healthy 70-75 year
old is about 75 ml/min (a loss of 35 ml/min over 5
decades), then the average snGFR is about 57 nl/min,
not much different than an adult 50 years younger.
Note that the absolute total number of non-sclerotic
and sclerotic nephrons decrease by 35% with aging, so
some nephrons must have been completely resorbed,
as a consequence of atrophy and sclerosis.?*

If these derived values represent the true state of
renal physiology in the aging kidney, then healthy
aging is associated with a substantial decline (35%)
in total glomeruli, and an even greater number of
functioning (non-sclerotic) glomeruli with aging
about 48% (from 991,000 per kidney to 520,400 per
kidney) over 50 years."”

The mechanisms underlying this loss of nephrons
with healthy aging remains uncertain, but unlike
nephron loss accompanying surgical reduction of
nephron mass or certain disease states associated
with loss of function nephron number, the reduction
of functioning nephrons in aging is not apparently
accompanied by a compensatory increase in snGFR
of surviving nephrons, at least not until the extremes
of age have been attained.”



Also, it is obvious that nephron endowment at
birth will have a pronounced impact on the number
of surviving functioning nephrons in old age, as the
annual loss of nephrons is rather constant, and not
greatly influenced by the residual nephron mass.

In addition, it seems that factors in addition to
aging per se are responsible for the observed nephron
loss other than age per se. The loss of nephrons is
accompanied by interstitial fibrosis proportional to
the severity of FGGS, and by tubular hypertrophy
that somewhat attenuate the loss of cortical volume
seen in aging kidneys (Figure 1)."

Figure 1. Percentage change in nephron number, cortical volume,
and globally sclerosed glomeruli (GSG) in older age groups relative
to 18-29 years old, among 1638 healthy living kidney donors (Figure
made from published table).’® When compared with 18-29 years old
as a baseline, 70-75 year olds have 48% fewer nephrons and 15
percentage points higher proportion of globally sclerosed glomeruli,
but only 16% smaller cortical volume.
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Glomerular volume does not increase with aging,
but shows an inverse relationship to functioning
nephron mass, likely as an expression of varying
nephron endowment at birth."” In autopsy series and
in living patients (donors) of varying age (infants and
adults) without any known kidney disease the mean
total NN varied between 606,000 to 1,430,000 per
kidney'19,23,26—30

In addition to healthy aging and lower wkGFR,
the clinical characteristics that independently
associate with lower functioning nephrons (non-
sclerotic glomerular number) in healthy live donors
are shorter height, family history of ESRD, and higher
serum uric acid, but not obesity, hypertension (mild),
albuminuria or gender."

The causal nature of these associations is
unknown. It has been reported that the birth weight
was predictive of adult height,’! which is consistent
with the findings that lower birth weight associates
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with fewer nephrons. Furthermore, the association of
lower nephron number and history of ESRD may be
explained by genetic/familial factors which cause low
nephron number and increase ESRD risk.

Thus, the characteristics of nephron anatomy
and function in aging are now fairly well known
even though the mechanisms for these temporal
patterns of biology remain uncertain. Potential
mechanisms include molecular pathways involving
mTOR signaling, sirtuins, Klotho, energy utilization,
DNA damage and repair, cellular signaling, cell
cycle aberrations and podocyte apoptosis and
replenishment.3>3

In this context, the changes in glomerular
permselectivity with aging are of particular interest. On
average albumin excretion rates increased modestly
in healthy aging, but this does not correlate with
functioning nephron number."” However, albuminuria
does highly correlate with glomerular enlargement,
the latter of which may be a manifestation of nephron
endowment rather than nephron loss with aging.'
Disentangling the different effects of low nephron
endowment and the physiologic loss of nephrons with
aging will required additional study.

WHAT ARE THE CONSEQUENCES OF NORMAL
KIDNEY AGING ON THE DIAGNOSIS OF CHRONIC
KIDNEY DISEASE (CKD)?

At present any adult subject of any age over 20 years
can be diagnosed as having CKD (Stages 3, 4 or 5), if
the wkGFR (measured or estimated) falls below 60ml/
min/1.73m? even in the absence of any signs of “kid-
ney damage”, the latter most commonly identified by
abnormally elevated urinary albumin excretion (uri-
ne albumin to creatinine ratio [uACR) in a random
“spot” urine of > 30 mg/gm [3 mg/mmol]).*#

Moreover, the value of GFR must be sustained at
or below this threshold for at least 3 months.*’ Failure
to adhere to the temporal requirement for diagnosis
of CKD will lead to a “false positive” rate of diagnosis
of CKD of at least 30-35%.%>* It is well known that a
substantial fraction (15-30%) of otherwise “healthy”
adults (non-diabetic, no known kidney disease) attain
a GFR of 45-59 ml/min/1.73m? by age 65-70 years of
age, females more commonly than males.*

In most cases (70-80%) this reduced wkGFR
is not accompanied by abnormal albuminuria so
subjects are assigned to a G3A/A1 category of CKD
(according to KDIGO, 2012).*' Considering that this
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reduction in wkGFR falls within ranges identified
as part and parcel of “healthy” kidney aging and
physiologic decline in NN, as discussed above, it
seems logical to consider that an absolute, non-age
sensitive definition of CKD, based on GFR alone
leads to a “medicalization” of normality and to
“over-diagnosis” of CKD in a significant number of
elderly subjects.*#

This would be more likely to occur in individuals
of low-birth weight. It has been suggested that a
diagnosis of CKD in such patients aids in prediction of
future adverse events, such as death, end-stage renal
disease cardiovascular events, acute kidney injury or
toxicity for water-soluble drugs.*

While this may be true for a younger population,
in the elderly CKD Category G3A/Al is not
associated with any significant reduction in remaining
life expectancy nor does it consistently and reliably
predict an excess of mortality or ESRD.*° A substantial
number of the elderly with a diagnosis of Category
3 CKD remain stable or undergo “spontaneous”
remission and the risk of dying is much higher than
developing and requiring treatment for ESRD.*

Whether knowledge of CKD G3A/A1 in the
elderly prevents toxic adverse drug reactions is more
of a hypothesis than a demonstrated reality.*> Adding
a diagnosis of CKD Category G3A/A1 adds little to
“scoring” of CVD Risk by any of many conventionally
used scoring systems (such as the Framingham Risk
Score or the AHA/ACC ASCVD Risk Estimator).* In
this regard, the presence of abnormal albuminuria,
not a requirement for diagnosis of CKD G3A/A1, is
much more important as a risk predictor in the elderly
and in the young.

Taken together, these considerations have led to
calls for modifying the GFR-based diagnosis of CKD,
to make it more age-sensitive means of GFR, so as to
avoid over-diagnosis is the elderly and under-diagnosis
in the young.”® However, Hallan, et al and the CKD
Prognosis Consortium* conducted an extensive meta-
analysis of numerous data-bases derived from diverse
epidemiological studies (n = 2,051,044).

These were not an unselect general population
based studies and selection bias is a concern. These
investigators found that the fully adjusted hazard
ratio (HR) for all-cause mortality rose significantly
above that of the comparison group (eGFR of 85
ml/min/1.73m?) in all ages 18 and above when the
eGFR fell below 60 ml/min/1.73m?, suggesting that
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an age-calibration of eGFR threshold is not needed to
determine a risk-based categorization of CKD.*

Similar findings were shown for the risks of treated
ESRD. However, for adjusted all-cause mortality the
HR values associated with any given eGFR < 60 ml/
min/1.73m? were greatly attenuated by advancing
age. No such attenuation of fully adjusted HR for
treated ESRD by advancing age was observed, but
the absolute rate of ESRD (per 1000 subjects) was
extremely low (< 1%) for subjects over 75 years of
age until the eGFR fell substantially below 45 ml/
min/1.73m?.

In a re-analysis of the Hallan et al. * data, we*’
calculated adjusted hazard ratios for all-cause
mortality using a reference value of eGFR that varies
by age, and found that the lowest HR risk for fully
adjusted all-cause mortality was lowest in subjects
ages 18-54 at an eGFR of 75 ml/min/1.73m? or
greater, and was lowest for subjects age 65 years and
old over 75 years of age at an eGFR of 45-104 ml/
min/1.73m? (Figure 2).

Figure 2. A proposed modification of CKD classification based
on adjusted hazard ratios for all-cause mortality by categories of
estimated glomerular filtration rate (eGFR) and age groups in patients
with albumin/creatinine ratio less than 30 mg/g (calculated from
published table);*® Color schemes: grey: reference group; white: HR
< 1.30; yellow: HR 1.31-2.00; orange: HR 2.01-4.00 and red: HR > 4).
eGFR shown in mL/min/1.73 m?; Albumin to creatinine ratio shown
in mg/g.

Albumin- Age groups

eGFR Creatinine

ratio 18-54 55-64 65-74 >75

<10 1.39 1.61 157
>105 Ref

10-29 1.53 1.65 0.51

<10 117 1.01 0.93
90-104 Ref

10-29 1.30 117 127

<10 112 0.88 0.96
75-89 Ref

10-29 1.30 1.04 1.01

<10 1.54 0.95 1.04
60-74 Ref

10-29 1.64 1.09 1.09

<10 3.14 1.39 1.19 115
45-59

10-29 3.16 1.80 1.35 1.18

<10 2.97 2.00 1.64
30_44 ................................................

10-29 2.84 2.30 1.63

<10 3.86 2.79
15_29 ...............................................

10-29 3.22 2.49

The values for HR in those ages 55-64 were
intermediate between the young and the old. In a
recent French, “Three-City” prospective cohort
study, among community-dwelling individuals older



than 65 years, the authors found the increased risk
of mortality in both sexes if eGFR was less than 45
mL/min/1.73m2.* Two more recent studies among
elderly individuals, one from Italy and the other from
Sweden, independently demonstrated association
of higher mortality with CKD category 3B but not
3A‘49,50

Taken together, we strongly believe that this
analysis provides a powerful argument in favor of the
need for an age-sensitive approach to diagnosing CKD
based on GFR alone, perhaps using a threshold of <
45 ml/min/1.73m? rather than < 60 ml/min/1.73m? in
those over 65 years of age.

These caveats do not apply to subjects with overt
albuminuria or with other features suggesting a chronic
disease (such as metabolic acidosis, normocytic
normochromic anemia, elevated parathyroid hormone
or hyperphosphatemia), but these abnormalities are
distinctly very uncommon the elderly with an isolated
eGFR of 45-59ml/min/1.73m? .51

SUMMARY AND PERSPECTIVES

Aging is a universal phenomenon (or nearly so). All
organs and systems of humans are involved in this
process, including the kidneys, even though the
mechanistic details for the aging of the soma are still
being unraveled.

A decline in GFR is a part of the process of kidney
aging, largely due to the progressive loss of nephrons.
This phenomenon has implications for the diagnosis
and classification of CKD, using conventional GFR-
based criteria.

The modest reduction of GFR seen in the elderly
(eGFR = 45-59ml/min/1.73m?) does not seem to have
much effect on risk for shortened life expectancy or
other adverse events so long as it is not accompanied
by overt proteinuria. Old kidneys should not be
equated with “diseased” kidneys.

REFERENCES

1. Martinez DE. Mortality patterns suggest lack of senescence
in hydra. Exp Gerontol 1998;33:217-25. DOI: http://dx.doi.
org/10.1016/50531-5565(97)00113-7

2. Rodriguez-Rodero S, Ferndndez-Morera JL, Menéndez-Torre E,
Calvanese V, Ferndndez AF, Fraga MF. Aging genetics and aging.
Aging Dis 2011;2:186-95.

3. Steves CJ, Spector TD, Jackson SH. Ageing, genes, environment
and epigenetics: what twin studies tell us now, and in the futu-
re. Age Ageing 2012;41:581-6. DOI: http://dx.doi.org/10.1093/
ageing/afs097

4. Passarino G, De Rango F, Montesanto A. Human longevity: Gene-
tics or Lifestyle? It takes two to tango. Immun Ageing 2016;13:12.
DOI: http://dx.doi.org/10.1186/s12979-016-0066-z

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

What is “Getting Old"?

. Sohal RS, Orr WC. The redox stress hypothesis of aging. Free Ra-

dic Biol Med 2012;52:539-55. DOLI: http://dx.doi.org/10.1016/j.
freeradbiomed.2011.10.445

. Antell DE, Taczanowski EM. How environment and lifestyle

choices influence the aging process. Ann Plast Surg 1999;43:585-
8. PMID: 10597816 DOL: http://dx.doi.org/10.1097/00000637-
199912000-00001

. Butler RN, Sprott R, Warner H, Bland ], Feuers R, Forster M,

et al. Biomarkers of aging: from primitive organisms to humans. J
Gerontol A Biol Sci Med Sci 2004;59:B560-7. DOI: http://dx.doi.
org/10.1093/gerona/59.6.B560

. Bekaert S, De Meyer T, Van Oostveldt P. Telomere attrition as

ageing biomarker. Anticancer Res 2005;25:3011-21.

.Simm A, Nass N, Bartling B, Hofmann B, Silber RE, Na-

varrete Santos A. Potential biomarkers of ageing. Biol Chem
2008;389:257-65. PMID: 18208349 DOL  http:/dx.doi.
org/10.1515/BC.2008.034

Daly RM, Rosengren BE, Alwis G, Ahlborg HG, Sernbo I, Karls-
son MK. Gender specific age-related changes in bone density, mus-
cle strength and functional performance in the elderly: a-10 year
prospective population-based study. BMC Geriatr 2013;13:71.
DO http://dx.doi.org/10.1186/1471-2318-13-71

Swanney MP, Ruppel G, Enright PL, Pedersen OF, Crapo RO,
Miller MR, et al. Using the lower limit of normal for the FEV1/
FVC ratio reduces the misclassification of airway obstruction.
Thorax 2008;63:1046-51. PMID: 18786983 DOI: http://dx.doi.
org/10.1136/thx.2008.098483

Kirkwood T. Time of Our Lives: The Science of Human Aging. 1st
ed. Oxford: Oxford University Press; 1999. 288 p.

Glassock R], Rule AD. The kidney in ageing: biology, anatomy,
physiology and clincial relevance. In: Turner N, Lameire N, Gol-
dsmith DJ, Winearls CG, Himmelfarb ], Remuzzi G, eds. Oxford
Textbook of Clinical Nephrology. 4th ed. Oxford: Oxford Univer-
sity Press; 2016. p. 2580-8.

Elsherbiny HE, Alexander MP, Kremers WK, Park WD, Poggio
ED, Prieto M, et al. Nephron hypertrophy and glomerulosclerosis
and their association with kidney function and risk factors among
living kidney donors. Clin ] Am Soc Nephrol 2014;9:1892-902.
DO http://dx.doi.org/10.2215/CJN.02560314

Wang X, Vrtiska TJ, Avula RT, Walters LR, Chakkera HA, Kre-
mers WK, et al. Age, kidney function, and risk factors associate
differently with cortical and medullary volumes of the kidney.
Kidney Int 2014;85:677-85. PMID: 24067437 DOI: http://dx.doi.
org/10.1038/ki.2013.359

Chakkera HA, Chang YH, Thomas LE, Avula RT, Amer H, Ler-
man LO, et al. Obesity Correlates With Glomerulomegaly But Is
Not Associated With Kidney Dysfunction Early After Donation.
Transplant Direct 2015;1:1-6. PMID: 26052546 DOI: http://
dx.doi.org/10.1097/TXD.0000000000000510

Kremers WK, Denic A, Lieske JC, Alexander MP, Kaushik V, El-
sherbiny HE, et al. Distinguishing age-related from disease-related
glomerulosclerosis on kidney biopsy: the Aging Kidney Anatomy
study. Nephrol Dial Transplant 2015;30:2034-9. DOIL: http://
dx.doi.org/10.1093/ndt/gfv072

Denic A, Alexander MP, Kaushik V, Lerman LO, Lieske JC, Stegall
MD, et al. Detection and Clinical Patterns of Nephron Hypertro-
phy and Nephrosclerosis Among Apparently Healthy Adults. Am
J Kidney Dis 2016;68:58-67. DOL: http://dx.doi.org/10.1053/.
ajkd.2015.12.029

Denic A, Lieske JC, Chakkera HA, Poggio ED, Alexander
MP, Singh P, et al. The Substantial Loss of Nephrons in Heal-
thy Human Kidneys with Aging. ] Am Soc Nephrol 2016. pii:
ASN.2016020154. [Epub ahead of print] DOI http:/dx.doi.
org/10.1681/ASN.2016020154

Hinchliffe SA, Sargent PH, Howard CV, Chan YE, van Velzen D.
Human intrauterine renal growth expressed in absolute number of
glomeruli assessed by the disector method and Cavalieri principle.
Lab Invest 1991;64:777-84. PMID: 2046329

Brenner BM, Garcia DL, Anderson S. Glomeruli and blood pres-
sure. Less of one, more the other? Am ] Hypertens 1988;1:335-47.
DO http://dx.doi.org/10.1093/ajh/1.4.335

] Bras Nefrol 2017;39(1):59-64

63



64

What is “Getting Old"?

22.

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mainialich R, Reyes L, Herrera M, Melendi C, Fundora L. Re-
lationship between weight at birth and the number and size of
renal glomeruli in humans: a histomorphometric study. Kid-
ney Int 2000;58:770-3. PMID: 10916101 DOL http:/dx.doi.
org/10.1046/).1523-1755.2000.00225 .x

. Hughson MD, Douglas-Denton R, Bertram JF, Hoy WE. Hyper-

tension, glomerular number, and birth weight in African Ameri-
cans and white subjects in the southeastern United States. Kid-
ney Int 2006;69:671-8. PMID: 16395270 DOL: http:/dx.doi.
org/10.1038/sj.ki.5000041

Chevalier RL, Forbes MS. Generation and evolution of atu-
bular glomeruli in the progression of renal disorders. ] Am Soc

Nephrol 2008;19:197-206. DOIL:  http://dx.doi.org/10.1681/
ASN.2007080862
Denic A, Lerman LO, Lieske JC, Alexander MP, Chakkera HA,

Poggio ED, et al. Clinical characteristics associate differently with
single nephron GFR than total GFR in normal adults. ] Am Soc
Nephrol 2015;205A.

Nyengaard JR, Bendtsen TF. Glomerular number and size in re-
lation to age, kidney weight, and body surface in normal man.
Anat Rec 1992;232:194-201. PMID: 1546799 DOI: http:/dx.doi.
org/10.1002/ar.1092320205

Fulladosa X, Moreso E Narvéez JA, Griny6 JM, Ser6n D. Estima-
tion of total glomerular number in stable renal transplants. ] Am
Soc Nephrol 2003;14:2662-8. DOL http:/dx.doi.org/10.1097/01.
ASN.0000088025.33462.B0

Hoy WE, Douglas-Denton RN, Hughson MD, Cass A, Johnson
K, Bertram JF. A stereological study of glomerular number and
volume: preliminary findings in a multiracial study of kidneys
at autopsy. Kidney Int Suppl 2003:531-7. DOIL http://dx.doi.
org/10.1046/).1523-1755.63.s83.8.x

Hoy WE, Hughson MD, Singh GR, Douglas-Denton R, Bertram
JF. Reduced nephron number and glomerulomegaly in Australian
Aborigines: a group at high risk for renal disease and hyperten-
sion. Kidney Int 2006;70:104-10. PMID: 16723986 DOL: http://
dx.doi.org/10.1038/sj.ki.5000397

Hoy WE, Bertram JE, Denton RD, Zimanyi M, Samuel T, Hugh-
son MD. Nephron number, glomerular volume, renal disease and
hypertension. Curr Opin Nephrol Hypertens 2008;17:258-65.
DO http://dx.doi.org/10.1097/MNH.0b013e3282f9b1a5

Eide MG, Oyen N, Skjaerven R, Nilsen ST, Bjerkedal T, Tell
GS. Size at birth and gestational age as predictors of adult height
and weight. Epidemiology 2005;16:175-81. DOL: http://dx.doi.
0rg/10.1097/01.ede.0000152524.89074.bf

Longo VD, Kennedy BK. Sirtuins in aging and age-related di-
sease. Cell 2006;126:257-68. DOL: http://dx.doi.org/10.1016/j.
cell.2006.07.002

Gorbunova V, Seluanov A, Mao Z, Hine C. Changes in DNA
repair during aging. Nucleic Acids Res 2007;35:7466-74. DOIL:
http://dx.doi.org/10.1093/nar/gkm756

Garinis GA, van der Horst GT, Vijg J, Hoeijmakers JH. DNA da-
mage and ageing: new-age ideas for an age-old problem. Nat Cell
Biol 2008;10:1241-7. DOL: http://dx.doi.org/10.1038/ncb1108-
1241

Hands SL, Proud CG, Wyttenbach A. mTOR's role in ageing: pro-
tein synthesis or autophagy? Aging (Albany NY) 2009;1:586-97.
Wiggins J. Podocytes and glomerular function with aging. Semin
Nephrol 2009;29:587-93. DOI: http://dx.doi.org/10.1016/j.sem-
nephrol.2009.07.012

Ohshima S, Seyama A. Cellular aging and centrosome aberrations.
Ann N Y Acad Sci 2010;1197:108-17. PMID: 20536839 DOI:
http://dx.doi.org/10.1111/.1749-6632.2009.05396.x

] Bras Nefrol 2017;39(1):59-64

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

Camici M, Carpi A, Cini G, Galetta F, Abraham N. Podocyte dys-
function in aging-related glomerulosclerosis. Front Biosci (Schol
Ed) 2011;3:995-1006. DOL http://dx.doi.org/10.2741/204

Bian A, Neyra JA, Zhan M, Hu MC. Klotho, stem cells, and aging.
Clin Interv Aging 2015;10:1233-43.

Hallan SI, Matsushita K, Sang Y, Mahmoodi BK, Black C, Ishani
A, et al.; Chronic Kidney Disease Prognosis Consortium. Age and
association of kidney measures with mortality and end-stage renal
disease. JAMA 2012;308:2349-60. PMID: 23111824 DOL: http://
dx.doi.org/10.1001/jama.2012.16817

Stevens PE, Levin A; Kidney Disease: Improving Global Outco-
mes Chronic Kidney Disease Guideline Development Work Group
Members. Evaluation and management of chronic kidney disease:
synopsis of the kidney disease: improving global outcomes 2012
clinical practice guideline. Ann Intern Med 2013;158:825-30.
DOL:  http://dx.doi.org/10.7326/0003-4819-158-11-201306040-
00007

Moynihan R, Glassock R, Doust J. Chronic kidney disease contro-
versy: how expanding definitions are unnecessarily labelling many
people as diseased. BMJ 2013;347:f4298. PMID: 23900313 DOIL:
http://dx.doi.org/10.1136/bmj.f4298

Glassock R, Delanaye P, El Nahas M. An Age-Calibrated Classifica-
tion of Chronic Kidney Disease. JAMA 2015;314:559-60. PMID:
26023760 DOL: http://dx.doi.org/10.1001/jama.2015.6731
Glassock RJ, Winearls C. An epidemic of chronic kidney disease:
fact or fiction? Nephrol Dial Transplant 2008;23:1117-21. PMID:
18359870

Levey AS, Inker LA, Coresh J. Chronic Kidney Disease in Older
People. JAMA 2015;314:557-8. PMID: 26023868 DOL: http://
dx.doi.org/10.1001/jama.2015.6753

Clase CM, Gao P, Tobe SW, McQueen MJ, Grosshennig A, Teo
KK, et al.; ONTARGET (ONgoing Telmisartan Alone and in
combination with Ramipril Global Endpoint Trial) and TRANS-
CEND (Telmisartan Randomized Assessment Study in Angioten-
sin-Converting-Enzyme-Inhibitor Intolerant Subjects with Cardio-
vascular Disease). Estimated glomerular filtration rate and albu-
minuria as predictors of outcomes in patients with high cardiovas-
cular risk: a cohort study. Ann Intern Med 2011;154:310-8. DOL:
http://dx.doi.org/10.7326/0003-4819-154-5-201103010-00005
Denic A, Glassock R], Rule AD. Structural and Functional Chan-
ges With the Aging Kidney. Adv Chronic Kidney Dis 2016;23:19-
28. DOI: http://dx.doi.org/10.1053/j.ackd.2015.08.004

Stengel B, Metzger M, Froissart M, Rainfray M, Berr C, Tzourio
G, et al. Epidemiology and prognostic significance of chronic kid-
ney disease in the elderly-the Three-City prospective cohort study.
Nephrol Dial Transplant 2011;26:3286-95. DOI: http:/dx.doi.
org/10.1093/ndt/gfr323

Minutolo R, Lapi F, Chiodini P, Simonetti M, Bianchini E, Pec-
chioli S, et al. Risk of ESRD and death in patients with CKD not
referred to a nephrologist: a 7-year prospective study. Clin ] Am
Soc Nephrol 2014;9:1586-93. DOL: http://dx.doi.org/10.2215/
CJN.10481013

Malmgren L, McGuigan FE, Berglundh S, Westman K, Chris-
tensson A, Akesson K. Declining Estimated Glomerular Filtration
Rate and Its Association with Mortality and Comorbidity Over
10 Years in Elderly Women. Nephron 2015;130:245-55. PMID:
26184510 DOL: http://dx.doi.org/10.1159/000435790

Bowling CB, Inker LA, Gutiérrez OM, Allman RM, Warnock
DG, McClellan W, et al. Age-specific associations of reduced es-
timated glomerular filtration rate with concurrent chronic kidney
disease complications. Clin ] Am Soc Nephrol 2011;6:2822-8.
DO http://dx.doi.org/10.2215/CJN.06770711



