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Abstract

Sections

Theburden of chronic kidney disease (CKD) and its risk factors are
projected torise in parallel with the rapidly ageing global population.
By 2050, the prevalence of CKD category G3-G5 may exceed 10% in
some regions, resulting in substantial health and economicburdens
that will disproportionately affect lower-income countries. The
extent to which the CKD epidemic can be mitigated depends largely
onthe uptake of prevention efforts to address modifiable risk factors,
the implementation of cost-effective screening programmes for early
detection of CKD in high-risk individuals and widespread access and
affordability of new-generation kidney-protective drugs to prevent

the development and delay the progression of CKD. Older patients
require amultidisciplinary integrated approach to manage their
multimorbidity, polypharmacy, high rates of adverse outcomes, mental
health, fatigue and other age-related symptoms. In those who progress
to kidney failure, comprehensive conservative management should be
offered as aviable option during the shared decision-making process
to collaboratively determine a treatment approach thatrespects the
values and wishes of the patient. Interventions that maintain orimprove
quality of life, including pain management and palliative care services
when appropriate, should also be made available.
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Key points

o The global population is rapidly ageing; the proportion of people
aged >65 years is expected to rise from around 10% in 2024 to >16%
by 2050.

o If the 1990-2016 trend of increasing chronic kidney disease (CKD)
prevalence and population ageing continues, the prevalence of CKD
category G3-G5 may exceed 10% in many world regions by 2050.

e The global burden of diabetes mellitus and hypertension will
continue to rise as the population ages and life expectancy increases,
leading to a parallel increase in the burden of CKD.

o The CKD epidemic could be mitigated by scaling up prevention efforts,
implementing cost-effective screening programmes and ensuring
widespread and affordable access to new kidney-protective drugs.

o Older patients with CKD require an integrated multidisciplinary
approach to manage their multimorbidity, polypharmacy, high rates
of adverse outcomes, cognitive dysfunction, frailty, fatigue and other
age-related complications and symptoms.

o Globally, the increasing demand for kidney replacement therapy

will probably further overwhelm the capacity of health-care systems,
leaving many more individuals without access to dialysis, particularly in
low- and middle-income regions that are already struggling to provide
basic renal care.

Introduction

Population growth and ageing are important drivers of the burden of
chronickidney disease (CKD).In November 2022, the global population
was estimated to reach 8 billion people'. This unparalleled growth is
the result of a gradual increase in longevity owing to improvements
in public health, nutrition, personal hygiene and medicine as well as
persistently high levels of fertility in some countries’. Although the
global population has increased rapidly over the past few centuries,
the rate of growth has more than halved since its peak 60 years ago®.
Nevertheless, estimates suggest that by 2050, the population will reach
9.7 billion, more than half of whom will live in Asia, and the population of
Sub-Saharan Africa will have doubled. By contrast, the populations
of many Eastern European countries and Japan are expected to shrink
by more than 15% by 2050, mostly owing to record low birth rates in
these regions>.

On average, the world population is ageing at a much faster pace
than in the past®. Global life expectancy reached 72.8 years in 2019,
anearly 9-year increase from 64.0 years in 1990. Further reductions
in mortality are projected to result in an average lifespan of around
77.2 years by 2050 (ref. 3). In 2024, just over 10% of people worldwide
wereolder than 65years, whereas this age group is expected toaccount
for>16% of theglobal populationby 2050 (ref.3). However, large regional
differences exist (Fig.1).Japan and Europe are expected to experience
thegreatest ageing, with37.5% and 28.9% of their populations being aged
>65yearsin2050, respectively, whereas the population of Sub-Saharan
Africawill remain muchyounger, with <5% of people aged >65 years by
2050. Nevertheless, by 2050, two-thirds of people aged >60 years will
be living in low- and middle-income countries (LMICs)*.

Population ageing is associated with an increased burden and
duration of non-communicable diseases, including CKD and many of its
risk factors such as diabetes mellitus and hypertension. In high-income
countries (HICs), population ageing and the resulting increased burden
on health-care systems occurs in parallel with a shrinking workforce, an
imbalance that could create labour shortages and increase pressure on
already strained health-care systems (Supplementary Box 1). To what
extentthe burden of CKD will be affected by population ageing depends
onfuturetrendsinrisk factorsand onensuring equitable globalaccess
to novel and emerging therapeutic interventions’.

Improved understanding of the growing burden of CKD is crucial
to alleviate the health and economic burdens of the ageing popula-
tionand to build sustainability within the global health system. In this
Review, we explore the consequences of the rapidly ageing popula-
tion for the health and economic burden of CKD and its risk factors.
We discuss factors that drive or could mitigate the CKD epidemic and
highlight complications and symptoms of CKD that are experienced
by olderindividuals.

The global burden of CKD

A systematic analysis of data from 33 population-based studies esti-
mated that the age-standardized global prevalence of CKD category
G1-GSinadultsin2010 was 10.4% among men and 11.8% among women®,
Based on these data and the estimated number of patients on kidney
replacement therapy (KRT) in 2010 (ref. 7), the total number of individu-
als with kidney disease worldwide in 2017 was estimated to be almost
850 million people®’. The most comprehensive overview of trends in
CKD category G3-G5 burden across world regions and countries to
date was provided by an analysis 0of 1990-2016 data from the Global
Burden of Disease (GBD) study’’. Importantly, these data have some
limitations (Supplementary Box 2).

CKD prevalence

From1990t0 2016, the crude global prevalence of CKD category G3-G5
increased by one-third from 2.8% to 3.7%, with clear increases in most
world regions'® (Fig. 2). The largest relative increases were seen in
the high-income Asia Pacific and Central and Tropical Latin America
regions, where the prevalence of CKD category G3-G5 increased by
60-80%, whereas it remained relatively stable in Central and West-
ern Sub-Saharan Africa. These increases were mostly attributable to
increases in the prevalence of diabetes-related CKD. Although the
prevalence of CKD due to hypertension and due to glomerulonephri-
tis decreased, these aetiologies remained the second and third highest
causes of CKD, respectively™.

In2016, the prevalence of CKD varied substantially with geographi-
cal region and level of socioeconomic development. In high-income
North America, Central Latin America, Eastern Europe, Southern Sub-
Saharan Africa, Central Asia and high-income Asia Pacific regions,
the prevalence of CKD was >5%. This finding demonstrates that some
regions withrelatively young populations suchas Southern Sub-Saharan
Africa have high CKD prevalence. CKD affects individuals at younger
agesin countries with low socio-demographicindex (SDI), resultingin
ahigher prevalence of CKD among adolescents and young adults than
in countries with high SDI. In countries with low SDI, the prevalence of
CKD is greatest among those aged 60-64 years, whereas in countries
with high SDI, the highest prevalence isamong those aged 75-79 years'®.

The GBD datareveal aclearincreasein CKD prevalence from1990
to 2016. Increases in CKD prevalence correlate with the rate of popu-
lation ageing in different geographical regions (Fig. 3). Although the
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crude global prevalence of CKD increased by one-third between 1990
and 2016, the age-standardized prevalence remained relatively stable
(increasing from 4.04% to 4.06%). Age standardization accounts for
changes in population age distribution that occur over time when
comparing estimates from different time periods. The discrepancy
between changes in crude and age-standardized prevalence of CKD
suggests that the increase in global CKD prevalence is almost solely
duetotheageing population. Ifinterventions such as lifestyle modifi-
cations and novel treatments fail to slow CKD progression, we project
thatby 2050, population ageing willlead toincreases in the prevalence
of CKD category G3-G5 to >10% in high-income North America, Cen-
tral Latin America, Eastern Europe, North Africa and the Middle East,
Southern Sub-Saharan Africa, Central Asia and high-income Asia Pacific
regions (Fig. 2).

CKD mortality

From 1990 to 2016, worldwide mortality due to CKD increased by
41%, from 11.4 to 16.1 deaths per 100,000 population'. In 2016, sub-
stantial variation in CKD mortality was reported across the globe, with
high levels of >25 deaths per 100,000 population in high-income Asia
Pacific, Oceania and Central Latin America' (Supplementary Fig.1). The
leading cause of CKD mortality was CKD due to diabetes mellitus, fol-
lowed by CKD due to hypertensionand CKD due to glomerulonephritis.
The GBD Consortium forecasts that CKD will be the fifth greatest cause
of death worldwide by 2040 (ref. 11).

Similar totheincreasesin CKD prevalence, the relatively large 41%
increase in crude CKD mortality (from 11.4 to 16.1 deaths per 100,000
population) contrasts with the modest 5% increase in age-standardized
CKD mortality (17.5 to 18.3 deaths per 100,000 population, primar-
ily attributable to increases in CKD mortality in low-SDI countries)
between 1990 and 2016 (ref. 10). These data indicate that population
ageing was the primary factor driving increased CKD mortality. This
finding suggests that population ageing has led to a higher absolute
number of deaths due to CKD over time but may also imply that the
underlying risk of CKD-related death at any given age has not changed
substantially.

CKD disability-adjusted life-years
One disability-adjusted life-year (DALY) represents the loss of the
equivalent of 1 year of full health™. Globally, between 1990 and 2016,
crude CKD DALYs increased from 410 to 473 per 100,000 population.
In 2016, CKD DALYs also varied substantially by geographical region
and level of development. Hot spots of DALYs included Central Latin
America and Oceania, both of which had CKD DALYs of >900 per
100,000 populationin 2016 (Supplementary Fig. 2). CKD due to dia-
betes mellitus was the primary driver of rising CKD DALYs, accounting
formore than half of theincrease, followed by CKD due to hypertension,
whichaccounted for nearly aquarter of theincrease in DALYs. However,
incountries withlow SDI, CKD due to other causes, including unknown
causes, ranked second after CKD due to diabetes as the major cause of
DALYs, and glomerulonephritis ranked third™. This finding emphasizes
the need for further research on causes of CKD in these countries.
Incontrastto theincrease in crude global DALYs between 1990 and
2016, age-standardized DALYs decreased from 521to 500 per 100,000
population during the same period. Decreases in age-standardized
DALYswere smallerinlow-SDI countries thanin high-SDI countries. The
contrastbetweenrising crude DALYs and declines in age-standardized
DALYs suggests that, despite the increasing number of people
affected by CKD, the overall effect of CKD on health has lessened after
accounting for population ageing.

Kidney failure

In 2010, 2.6 million people worldwide received KRT and this number
is expected to double to 5.4 million by 2030 (refs. 7,13). Alarmingly,
estimates suggest that in 2010, only 50% of individuals with kidney
failurereceived KRT, suggesting that more than 2.3 million people may
have died due to lack of access to this therapy. Among patients who
received KRTin 2010, 93% were living in HICs, with large geographical
variationinincidence and prevalence’".Inmany HICs, the oldest age
groups comprised the majority of patients on prevalent KRT. In Europe
in2021, patients aged =65 years comprised almost half of the prevalent
KRT population®. In Australia in 2022, people aged 75-84 years had
the highest prevalence of KRT (3,000 per million population (pmp)),
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Fig. 2| The historical and projected crude
prevalence of CKD in world regionsin1990, 2016
and 2050. From 1990 to 2016, the prevalence of
chronickidney disease (CKD) increased in most
world regions, with the largest relative increases in
the high-income Asia Pacific and Central and Tropical
Latin Americaregions, whereas it remained relatively
stable in Central and Western Sub-Saharan Africa.
Projections suggest that by 2050, the prevalence of
CKD willincrease to >10% in the high-income North
America, Central Latin America, Eastern Europe,
North Africa and the Middle East, Central Asiaand
high-income Asia Pacific regions. Data on CKD
prevalence in1990 and 2016 were obtained from the
Global Burden of Disease Study'®. CKD prevalence

in 2050 was extrapolated based on the assumption
that the effect of population ageing between 1990
and 2016 was solely responsible for the increase in
CKD prevalence between 1990 and 2016. Population
ageing was extrapolated to 2050 using the ‘medium
scenario’ United Nations population projections

of the percentage of people aged >65 years in 2050
(ref. 3). This method was not applicable (NA) to

the Sub-Saharan Africaand Eastern Sub-Saharan
Africaregions owing to the decreasing percentage
of people aged >65 years between 1990 and 2016 in
theseregions, which resulted in a negative projected
prevalence of CKD in 2050.
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which was almost double that of people aged 45-54 years (1,547 pmp)™.
Inthe USA in 2021, people aged >75 years had the highest prevalence
of KRT (7,744 pmp), which was more than tenfold higher than that of
individuals aged 45-64 years (593 pmp)".

The prevalence of KRT is steadily increasing worldwide'”'®. In the
USA, for example, the number of patients on prevalent KRT increased
by 29% from596,000in2010 to 808,000in 2019 (ref.19). Notably, this
increase was disproportionately steeper among older age groups, with
patients aged 18-44 years experiencing an 11% increase, those aged
45-64 yearsexperiencinga27%increase and those aged >65 years expe-
riencing a 58% increase. Similar patterns have been observed across
other HICs?**, Theincrease in KRT prevalence was driven primarily by
improved survivalamong older patients and anincreasing incidence of
KRT (Fig. 4). In most HICs, the overall incidence of KRT has plateaued
over the past two decades, butinsome countries it continuestorisein
theoldest age groups®>****. Theincrease in KRT incidence is probably
attributable toimproved life expectancy, delayed progression of CKD,
aresultantincrease in the average age at which individuals start KRT
and more relaxed criteria for acceptance onto dialysis*.

As renal registries collect information only on patients who
undergo dialysis or kidney transplantation, the true incidence of
kidney failure remains largely unknown. Data on people with kidney
failure who do not receive KRT are generally not available. Compre-
hensive conservative management (CCM) of kidney failure, defined as
non-dialytic management that is chosen through a process of shared
decision-making, focuses on maintaining quality of life (QoL) through

symptom management. A Global Kidney Health Atlas (GKHA) study
estimated thatin 2022, CCM was offered as atreatment optioninonly
87 of 165 (53%) countries, whereas haemodialysis was available in 162
of 165 (98%) countries”. However, in HICs where CCM is available,
estimates suggest that approximately equal numbers of patients with
kidney failure are treated with KRT versus CCM and the odds of receiv-
ing CCM instead of KRT increase exponentially with age**?.In Australia,
in2003-2007, more than 90% of patients aged 5-60 years with kidney
failure received dialysis or underwent transplantation, compared
with only 4% of those aged >85 years®*”’. Consequently, ageing of the
population is expected to lead to a greater increase in the number of
patients with kidney failure who receive CCM than those who receive
KRT. Researchers should therefore not rely solely on KRT data when
estimating the extent of the kidney failure burden caused by ageing
of the population.

Diagnosis of CKD in older patients

Diagnosing CKD in older individuals presents unique challenges. The
KDIGO criteria has been criticized as it defines CKD as a persistent
estimated glomerular filtration rate (eGFR) of <60 ml/min/1.73 m?,
regardless of age”. This fixed threshold approach does not account
for the normal decline in kidney function that occurs with age”, so
could potentially lead to overdiagnosis and inappropriate treatment
of CKD in otherwise healthy older adults without disease-related kid-
ney impairment. The fixed threshold could also lead to overestima-
tion of CKD prevalence among older people and underestimation
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Fig.3| Therate of population ageing correlates with the increase in CKD
prevalence between 1990 and 2016. The rate of population ageing, defined
astheincrease in the percentage of the population aged >65 years, strongly
correlates with the percentage increase in crude chronic kidney disease

(CKD) prevalence in various world regions between 1990 and 2016. Data on CKD
prevalence were obtained from the Global Burden of Disease Study'® and data
on population ageing were obtained from the United Nations population
projections using the ‘medium scenario’ (ref. 3).
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Fig.4 | The epidemiology of KRT in the USA, 2010-2019. a, The prevalence of
kidney replacement therapy (KRT) was stable among people aged 18-44 years,
increased steadily among those aged 45-64 years and increased more
dramatically among those aged >65 years. b, The mortality of patients on KRT
was stable among those aged 18-44 years and 45-64 years, but decreased among
those aged >65 years. ¢, The incidence of KRT increased among patients aged
>65 years but was fairly stable in the other two age groups. These data suggest
that the rising prevalence of KRT in the USA is driven primarily by improved
survival and anincreasing incidence among the oldest patients”. Datawere
extracted from the United States Renal Data System”.

among younger people®. To address these issues, age-adapted eGFR
thresholds for CKD diagnosis have been proposed but their use is still
debated’®*. These age-adapted eGFR thresholds were chosen on the
basis of their associations with adverse outcomes rather than their
frequency in the population.

The 2024 KDIGO guidelines support continued use of the
current CKD staging system in younger (<65 years) and older
(>65years) adults®>** based on 1980-2021 data from the CKD Prognosis
Consortium®. These data showed that although the relative risks for
various adverse outcomes, including kidney failure requiring KRT and
all-cause mortality, were slightly smaller in older (=65 years) than in
younger (<65 years) adults, the patterns of risk association across eGFR
and urinary albumin-to-creatinine ratio (UACR) categories remained

consistent regardless of age. In both age groups, individuals with
eGFR <60 ml/min/1.73 m? and albuminuria <30 mg/g (CKD category
G3, Al) had consistently elevated relative risks of adverse outcomes
compared with individuals with normal kidney function®. Despite
the slightly lower relative risks of adverse outcomes in older adults,
their absolute increase in risk when eGFR is lower is far higher than
that of younger individuals. This discrepancy means that even a small
increaseinrelativerisk can translate into a substantial increase in the
overalllikelihood of adverse outcomes, which may justify a CKD diag-
nosis and subsequent treatmentin older individuals using the current
threshold definition. To estimate the absolute risk of progression to
kidney failure in individuals with CKD G3-GS5, KDIGO recommends
using an externally validated risk equation such as the Kidney Failure
Risk Equation®*™,

Inaddition to diagnosis of CKD, monitoring of kidney functionin
older patients is crucial, not only to guide kidney-protective therapy,
but also to optimize medication safety and efficacy by adjusting dos-
ages of renally cleared drugs®. Isotope dilution mass spectrometry is
the gold standard for measuring creatinine asit ensuresaccuracy and
consistency across laboratories. Serum creatinine values depend on
muscle mass, which often decreases with age owing to sarcopenia®,
potentially leading to overestimation of eGFR, particularly in older
adults. The 2024 KDIGO guidelines list specific clinical conditions in
whichnon-GFRdeterminants of serum creatinine, suchas reduced mus-
clemass, may affect the accuracy of creatinine-based eGFR equations®.
Inthese conditions, use of cystatin Cis indicated asit provides amore
accurate alternative to creatinine. The frequently used CKD-EP12009
equation has been criticized for not being adequately validated in older
populations and tends to overestimate eGFR in older individuals®®.
Equations suchas the BerlinInitiative Study (BIS) equation®’, which was
developed based ondatafromacohort of participants aged >70 years,
and the EuropeanKidney Function Consortium (EKFC) equation, which
was developed based on data from cohorts of diverse ages, have been
shown to have better performance that the CKD-EPI2009 equationin
older individuals*®*. The 2024 KDIGO guidelines recommend using
aneGFR equationthat has beenvalidatedin the population of interest
andincludes the EKFC equation as one of their recommended validated
equations®,

CKDrrisk factors

As the world population ages, the prevalence of risk factors for CKD
is likely to increase. Unless these risk factors are identified and miti-
gated at an early stage, this increase will in turn lead to an increase in
the prevalence of CKD. Many risk factors for CKD exist, some of which
are intertwined, including genetic background, physical inactivity,
salt intake and smoking. Here, we focus on risk factors that have a
clear relationship with age, namely diabetes, hypertension, obesity,
cardiovascular disease (CVD) and acute kidney injury (AKI).

Ageing

Askidney function declines with age evenin healthy people, age is con-
sidered tobearisk factor for CKD. Age-related loss of kidney function
atthe cellular level causes a decline in GFR*>**, Ageing of the kidney is
characterized by macroscopic and microscopic structural changes as
well as functional changes that are also found in CKD. These structural
changes include reductions in kidney size and weight, a decrease in
nephron number owing to nephrosclerosis, compensatory hypertro-
phy of the remaining nephrons, anincrease in the number of (benign)
kidney cysts and renovascular changes. Functional changes include
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reduced GFR, impaired tubular function and decreased endocrine
function****, As people age, acomplexinteraction between genetic
predisposition*®, nephron number at birth*”*® and environmental
factors*’ can contribute to a decline in kidney function even in the
absence of a specific cause of kidney disease. This finding suggests
thatinthe absence of traditional CKD risk factors in otherwise healthy
individuals, rising life expectancy will coincide with anincrease in
CKD prevalence.

Diabetes mellitus
Diabetes continues to be the leading cause of CKD worldwide®*
(Fig. 5). Data primarily from HICs suggest a stabilization or even
decline in new diabetes diagnoses since the mid-2000s, evenin older
agegroups™. This trend could be linked to preventive measures, public
healtheducation efforts and increased awareness campaigns. However,
the prevalence of diabetes continues to rise worldwide, suggesting
that the effects of population ageing and increases in life expectancy
are outpacing the effects of preventive efforts to stabilize the inci-
dence of diabetes. In 2019, global diabetes prevalence was estimated
tobe 9.3% (463 million people), representing a 62% increase from 2009
(285 million people). This prevalenceis projected to increase to 10.2%
(578 million people) by 2030 and 10.9% (700 million people) by 2045
(ref. 54). LMICs bear a disproportionate burden of diabetes, with the
prevalence increasing at a much faster rate than in HICs'** %, This
disparity may be due to limited resources for the implementation of
preventive measures to stabilize the incidence of diabetes in these
regions. Notably, in many LMICs, the crude prevalence of diabetes
almost doubled between1990 and 2014. For example, the prevalence of
diabetes rose from4.7%to 8.1% in Brazil and from 5.2% t0 9.8% in South
Africa;in Egypt the prevalence more than doubled from 8.0% t016.2%".
The prevalence of diabetes increases with age.In2019, nearly one
in five people (19.9% or an estimated 111.2 million) aged 65-79 years
had diabetes®*. As diabetes mainly affects older individuals® and kid-
ney damage typically occurs 5-15 years after diabetes onset, the rise
in the burden of diabetes is expected to lead to a parallel rise in the
burden of CKD, unless the implementation of preventive measures is
substantially increased.

Hypertension

Hypertension and declining kidney function create a harmful cycle;
high blood pressure can damage kidney blood vessels over time, and
impaired kidney function worsens blood pressure control®®. The preva-
lence of hypertensionincreases with age® °*.In Australiaand the USA,
the prevalence of hypertension among older age groups was strik-
ingly high; nearly half of all individuals aged >75 years in Australia®,
and almost three-quarters of adults aged >60 years in the USA, had
hypertension®, Effective antihypertensive therapy has reduced the
prevalence of raised blood pressure, especially in HICs*®, and has prob-
ably had a substantial role in stabilizing the prevalence of CKD over
time in countries such as Norway (from1996 t0 2007) and the UK (from
2010 t0 2016)“". Nevertheless, ageing of the population together with
the high prevalence of hypertension in older adults, is expected to
outpace (pharmaceutical) measures to reduce high blood pressure,
inevitably causing a higher prevalence of hypertension worldwide®®.
As, after age standardization, hypertension ranked as the second lead-
ing cause of prevalent CKD'’, anincreasing prevalence of hypertension
is expected to resultin an increasing prevalence of CKD, particularly
in Latin America and the Caribbean, Central and Eastern Europe and
Central Asia and Sub-Saharan Africa (Fig. 5).

Obesity

Obesity, defined as BMI =30 kg/m?, is associated with haemodynamic,
structural and histological renal changes and has been identified as
one of the main risk factors for CKD*””". Obesity is also a major risk
factor for diabetes and mostindividuals with type 2 diabetes mellitus
(T2DM) also have obesity. The prevalence of obesity is highest in the
USA, where the crude prevalence has doubled inless than two decades,
rising from18.7%in1990 to 37.3% in 2016 (ref. 72). Similar trends have
been observed in other HICs. Notably, several low-income countries
(LICs) have also experienced a substantial increase in the prevalence
of obesity. For example, Brazil and Malaysia, which historically had
low prevalence of obesity, have seen large increases. In Malaysia, the
prevalence of obesity rose from 3.4%in 1990 to 15.4% in 2016, and in
Brazil it rose from 9.1% to 22.3% in the same period”.

In most regions, obesity is associated with age. For example, in
England in 2021, the prevalence of obesity was 8% among adults aged
16-24 years, 32% among those aged 65-74 years and 26% among those
aged >75 years®. By contrast, the prevalence of obesity in the USA is
consistently high and shows little variation across age groups. Data
fromJanuary 2017 to March 2020 indicates that the prevalence of obe-
sityinthe USA was 39.8% among adults aged 20-39 years, 44.3% among
those aged 40-59 years and 41.5% among those aged =60 years’. This
pattern may reflectaceiling effect as the prevalence of obesity is highin
younger age groups. Nonetheless, ageing of the populationis expected
to coincide with increasing trends in obesity prevalence, whichin turn
isexpected to contribute to arise in the prevalence of CKD.

Cardiovascular diseases

CVDs, including heart failure, coronary artery disease, atrial fibrillation
and stroke, remain the greatest health burden worldwide. These dis-
eases have been the leading cause of death since 1980 and affected
620 million people in 2021 (refs. 74,75). Older people are particularly
susceptible to CVD, with a prevalence of approximately 50% among

[ CKD due to other causes

CKD due to glomerulonephritis
I CKD due to hypertension
Il CKD due to diabetes

Age-standardized prevalence of CKD (%)

Fig.5|The age-standardized prevalence of CKD in 2016 by aetiology and
region. In 2016, diabetes continued to be the leading cause of chronic kidney
disease (CKD) followed by hypertension. Sub-Saharan Africa showed the highest
age-standardized prevalence of CKD, followed by North Africa and the Middle
East, and Latin America and the Caribbean. Data obtained from the Global Burden
of Disease Study.
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those aged >75 years in low-, middle- and high-SDI countries’.
According to GBD data, the crude prevalence of CVD was highest in
high-SDI countries, rising from 9.1%in1990t012.2%in 2021. Conversely,
in LICs, the crude prevalence of CVD remained relatively low and sta-
ble, rising from3.9%in1990to 4.2%in 2021. Middle-income countries
experienced the highest relative increase, with the crude prevalence
of CVD rising from 4.3%in 1990 to 7.6% in 2021 (ref. 76). However, the
age-standardized prevalence of CVD decreased in HICs and stabilized
inmiddle-income countries between 1990 and 2021 (refs. 76,77). This
contrast between crude and age-standardized prevalence indicates that
population ageingisthe primary factor drivingincreasesin CVD preva-
lence over the past three decades. It also suggests that the CVD risk
at any given age has either declined or remained stable, probably as
a consequence of successful public health interventions aimed at
preventing CVD and managing its risk factors. As CKD and CVD are
closely related and share common risk factors, including diabetes,
hypertension and obesity, such efforts probably also contributed to
the decline in age-standardized CKD DALYs discussed above. Despite
these improvements, the combined effects of the ageing population
and the high prevalence of CVD and its shared risk factors in older
adultsis expected to outpace prevention efforts, in turn contributing
to a higher overall burden of CKD”*7875,

Importantly, the relationship between CKD and CVD is bidirec-
tional. Inolder people, CKDis associated with avery high risk of cardio-
vascular complications®®, including coronary artery disease, heart
failure, arrhythmias, sudden cardiac death and peripheral artery dis-
ease. Patients with CKD have a unique tendency towards calcification
and vascular stiffness, which underlies their increased risk of arterial
disease. Left ventricular hypertrophy, which is significantly associ-
ated with heartfailure, developsinthe early stages of CKD and affects
70-80% of patients with kidney failure®. Notably, CKD is associated
with an increased risk of all-cause and cardiovascular death, which
is related to accelerated biological ageing in all age groups, with the
greatest absolute increase in risk in those aged >75 years®®. Owing to
high levels of CVD mortality, most individuals with progressive CKD
donotsurvive toreach kidney failure.

Acute kidney injury
AKlisaheterogeneous condition characterized by anacute loss of kid-
ney function®. InHICs, AKl affects approximately 20% of hospitalized
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Cause of incident CKD
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Fig. 6| Causes ofincident CKD in older patients starting kidney replacement
therapy in European countries in 2010-2013. The three main causes of
incident chronic kidney disease (CKD) in patients aged >75 yearsinitiating kidney
replacement therapy were hypertension, unknown causes and diabetes. Data
obtained from the European Renal Association Registry'**.

adultsand nearly 50% of those inintensive care units®. The risk of AKI
hospitalization increases with age. Among US Medicare beneficiar-
ies aged >66 years in 2021, hospitalization rates for AKIamong those
aged =85 years were three times higher than those aged 66-69 years®.
Outcomes in this population were poor. At discharge, 17% of patients
had either died or entered hospice care, with this figure rising to 42%
for those requiring dialysis. Within 3 months after discharge, one in
six survivors of AKI had died and one in eight were newly diagnosed
with CKD". Moreover, patients with AKl and pre-existing CKD had a
41-fold higher risk of kidney failure and patients with AKIwho did not
have pre-existing CKD had a 13-fold higher risk of kidney failure than
patients without kidney disease®.

Age-related structural and functional changes that reduce kidney
function and kidney reserve result in increased susceptibility to AKI
and the subsequent development of CKD?°, as well as poorer AKl recov-
ery”? Furthermore, the prevalence of comorbidities such as diabetes,
hypertension and CVD increases with age. These comorbidities also
reduce kidney reserve and often result in polypharmacy, increasing
the risk of nephrotoxic drug exposure and drug-drug interactions
that may adversely affect kidney function, further predisposing to
AKland subsequent CKD. Inaddition, older individuals are more likely
than younger individuals to undergo (cardiac) surgery and other pro-
cedures that require diagnostic radiography, which exposes them to
nephrotoxic contrast medium — an important risk factor for AKI*,

Slowing the increase in CKD prevalence
Theageing-associated increasein the prevalence of CKD may be slowed
by focusing on CKD prevention withinterventions at younger ages. This
approachrequires characterization of the main causes of CKD in older
individuals, the development of tools to identify those at higher risk
of developing CKD and the development of interventions that target
the drivers of CKD. Additional measures include early diagnosis and
treatment of CKD to prevent CKD-associated premature death and pro-
gression to more advanced stages of CKD or kidney failure. Clinical
guidelines specify high-risk populations that should be screened for
CKD’*'° (Supplementary Table1). However, implementation of screen-
ing, particularly assessment of albuminuria, is suboptimal'®. Although
many strategies for primary prevention of non-communicable diseases
exist, none has been specifically developed for the prevention of CKD
in high-risk individuals.

Causes of CKD in older people

Understanding of the underlying causes of kidney disease in older peo-
pleisessential to enable effective interventions to mitigate the increas-
ing prevalence of CKD in ageing populations. Large European registries
reported that the three main causes of kidney failure requiring incident
KRT in people aged =75 years were hypertension, unknown causes and
diabetes'**'* (Fig. 6). However, the role of hypertension as a major
cause rather thana consequence of CKD has been questioned'®. Even
young patients with primary hypertension may meet the KDIGO histo-
logical diagnostic criteriafor CKD'*® and a dissociation exists between
the burden of hypertension and the incidence of KRT attributed to
kidney failure owing to hypertensionin various countries'”. Moreover,
APOL1 risk variants have been shown to underlie the increased risk
of CKD among African American individuals, which was previously
attributed to hypertension'””. In 2023, a small-molecule inhibitor of
APOL channel function was shown to reduce proteinuria in patients
withbiopsy-proven focal segmental glomerulosclerosis and two APOL1
risk variants'%'%°,
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Thus, the cause of CKD in most older patients should be con-
sidered unknown’**>%712 Unknown causes of CKD may represent
suboptimal diagnostic work-ups or simply the absence of a specific
cause of disease, which could represent one end of the spectrum of age-
associated kidney functiondecline. Biological ageing is heterogeneous
between and withinindividuals>"*, The interaction between genetic
background and environment may modulate the rate of organ ageing
in those who are free of disease. Indeed, polygenic risk scores may
identify people at birth with up to eightfold increased risk of develop-
ing CKD'”. This baseline risk may interact with environmental factors
(forexample, intrauterine growth, prematurity, environmental toxins,
diet and lifestyle) to modify the baseline number of nephrons or the
rate of nephron loss.

Delaying kidney ageing

The rate of age-associated GFR loss has been estimated as 1 ml/min/
1.73 m? per year"'®. However, this rate is variable and accelerates nearly
threefold in healthy men aged 60-65 years' . Preclinical evidence sug-
gests that age-associated CKD can be prevented. In mice, administra-
tion of renin-angiotensin system (RAS) blockers from weaning led to a
3.8-fold higher nephron number in old age compared with controls™°.
Whether this finding can be translated to humans, at what age the
intervention should be initiated and the optimal therapeutic regime
remains unclear.

Specificinterventions such as SGLT2 inhibitors have been shown
to stabilize eGFR loss (to as little as =0 ml/min/1.73 m? per year) and
prevent the development of CKD in people with T2DM and high
CVD risk'””. Similar stabilization of eGFR with SGLT2 inhibitors was
observedin patients with CKD owing to diverse causes and albuminuria
<30 mg/g'00LIOTILIZIZIS (Fig 73), If loss of kidney functionin patients
with CKD risk factors can be stopped or slowed to a rate lower than
that of age-associated eGFRloss, at least for the 2-3-year duration of a
clinicaltrial, itis reasonable to speculate that age-associated eGFR loss
couldalso be slowed in healthy people. Such an approach might be ben-
eficial for prevention of CKD in high-risk individuals. This hypothesis
should not be considered an argument for the prescription of SGLT2
inhibitors to delay kidney ageing in individuals with normal kidney
function, butinstead a consideration for the design of future clinical
studies that should include assessment of the effect of these drugs on
eGFRinyounger individuals with CKD risk factors and normal kidney
function. The implementation of such prevention approaches would
probably be more cost-effective than setting up dialysis centres for the
increasing numbers of individuals who require KRT in countries that
cannot currently offer such therapy, even for their younger citizens.

Lifestyleinterventions

CKD anditsrisk factors canbe prevented by healthy lifestyle practices.
Health educationand lifestyle interventionsinclude not smoking, regu-
lar exercise, good sleep hygiene and healthy diets. Avoiding processed
foods with excess salt or phosphate is key and should be recommended
froman early age and throughout the life course, as emphasized by the
American Heart Association Presidential Advisory on cardiovascular—
kidney-metabolic health"'*?, These lifestyle measures also reduce
the development of risk factors for the development and progres-
sion of CKD, such as obesity, diabetes, hyperlipidaemia, hypertension
and CVD. However, compliance with lifestyle interventions is limited
owing to multiple factors, including socioeconomic issues'”'. Achiev-
ing broad adoption of healthy lifestyle behaviours is challenging and
requires multi-stakeholder actioninvolving governments, educational

institutions, health-care systems, media and the food and health and

fitness industries'®.

Management of CKD risk factors

Effective management of diabetes, hypertension, obesity and CVD
through medical and lifestyle interventions reduces diverse risks,
including the risk of developing CKD. However, CKD outcomes in
patients with these risk factors remain suboptimal. The diabetes
complication that showed the smallest decline in incidence between
1990 and 2010 was kidney failure'*. From 2015 to 2020, the overall
incidence of CKD among patients with T2DM declined by 22% to 64.0
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Fig. 7| Effect of SGLT2 inhibitors on chronic eGFR slopes and time to need
for KRT. a, Chronic estimated glomerular filtration rate (¢GFR) slopes in
participants with different categories of chronic kidney disease (CKD) in the
EMPA-REG outcome cardiovascular safety trial of empagliflozin. This trial
enrolled participants with type 2 diabetes mellitus and high cardiovascular risk,
most of whom did not meet the KDIGO eGFR and albuminuria thresholds for
diagnosis of CKD'”. The CKD categories were based on the 2021 ESC guideline
on cardiovascular disease prevention nomenclature'**'”", Values for n are

the number of participantsin each CKD category at baseline. The vertical
discontinuous lines at -1.0 and -1.5 ml/min/1.73 m?indicate the widely accepted
age-associated eGFR slope and measured GFR slope for men older than 65 years,
respectively'”. b, Conceptual model of the potential effect of initiation of
SGLT2inhibitor therapy at different levels of baseline GFR on time to kidney
replacement therapy (KRT) in patients with CKD of various causes. Adapted with
permission fromref. 161, OUP, which used observed data on chronic eGFR slopes
at different baseline levels of eGFR in the placebo and SGLT2 inhibitor groups of
the EMPA-KIDNEY trial of empagliflozin in participants with CKD"®, This model
assumes that the chronic eGFR slope observed in the clinical trial is maintained
over time and that the individual survives long enough to start KRT.
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cases per 1,000 person-years (95% Cl 62.2-65.9)'>. However, the long-
term cumulative incidence of CKD in people with T2DM may be as
high as 54%".

Lack of CKD-specific prevention efforts inindividuals with risk fac-
tors may contribute to suboptimal CKD outcomes’. Guidelines for the
management of hypertensionand diabetes recommend medicationsto
achieve goodblood pressure and metabolic control, but not specifically
to prevent CKD'*°, The optimal blood pressure target, especially for
older individuals, remains controversial, and recommended targets
differ between guidelines*®, Intensive blood pressure control has
beenassociated with anincreased incidence of CKD, highlighting the
need to understand the long-term consequences of antihypertensive
treatment-related decreases in eGFR™.

A clinical trial in participants with T2DM showed no differences
between the effect of the glucose-lowering drugs insulin glargine,
glimepiride, liraglutide or sitagliptin combined with metformin on
albuminuria or kidney impairment during a mean follow-up of 5 years'*.
GLP1 receptor agonists (GLP1RAs) have been shown to lower body
weight, improve blood glucose and blood pressure control and reduce
the risk of cardiovascular events in patients with overweight, obesity
or diabetes, and at least some GLP1RAs might prevent CKD in people
with diabetes %%, A post hoc analysis of three cardiovascular safety
trials thatincluded >20,000 participants with T2DM who were at high
risk of CVD and did not have CKD according to KDIGO criteria (eGFR
>60 ml/min/1.73 m*and albuminuria category Al), reported that SGLT2
inhibitorsreducedtherisk of new onset CKD or kidney events by 33-60%
compared with placebo?®'°”"? (Supplementary Table 2). Implementing
measures for CKD prevention from mid-life may reduce the prevalence
of CKD among older people. However, in the absence of specific trials
with primary end points of kidney events that enrol participants with
T2DM who are at high risk of CKD but do not have CKD at baseline,
estimating the long-term effect of CKD prevention strategies involv-
ing SGLT2 inhibitors or GLP1RAs on the future prevalence of CKD and
KRT is difficult. Whether these strategies could also be beneficial for
prevention of CKD among individuals without T2DM is also unclear.

Effective prevention strategies require the development of tools
for the sufficiently early identification of people at high risk of develop-
ing CKD (beyond classical risk factors) and of environmental factors
that must be avoided, which may be specific to the genetic background
oftheindividual. Inaddition to complex tools that could potentially be
used to identify high-risk individuals, such as genomics, imaging and
urinary peptidomics, currently available biomarkers such asincreasing
levels of albuminuria or accelerated decreases in eGFR slopes that do
notyet reach the diagnostic thresholds for CKD, mightidentify a high
risk of CKD among people with or without T2DM" 1,

Early diagnosis of CKD

The 2024 KDIGO guideline states that CKD can be diagnosed at an
early stage before loss of >50% of the functional kidney mass (eGFR
<60 ml/min/1.73 m?) by assessing markers of kidney damage such
as UACR >30 mg/g>?. Population-wide or targeted screening for
biomarkers of CKD has been implemented in some countries™°.
For example, urinalysis screening of Japanese schoolchildren and
Israeli military recruits may detect glomerular haematuria or proteinu-
ria''*2, Similar screening programmes for adults are scarce, perhaps
because general population screening for CKD is often not deemed
to be cost-effective. However, this situation may change depending
on the cost and availability of new kidney-protective drugs such as
SGLT2inhibitors*****,

The UACRis anon-expensive measurement that can diagnose CKD
eveninindividuals with normal proteinuriaand GFR. UACR-based diag-
noses of CKD are actionable as clinical guidelines recommend treat-
ment for CKD based onalbuminurialevels*®®, Current high-throughput
methods can be used to assess UACR semi-quantitatively for less than
€0.2 per sample. However, a positive UACR result need to be con-
firmed using quantitative UACR. Unfortunately, UACR measurement
is not available in some settings even though European and national
guidelines have expanded the indication of albuminuriascreening for
individuals at highrisk of either CKD or CVD**?"1°%!>(Supplementary
Table 1). For example, measurement of albuminuria is not currently
reimbursed in Belgium for people who do not have diabetes'°. This
situation limitsaccess to early diagnosis and treatment of CKD, which
does nothelp efforts to decrease the extremely highincidence of KRTin
Belgium®. In the Netherlands, a pilot home-based albuminuria screen-
ing programme identified pathological albuminuriain1.7% of partici-
pants (aged 45-80 years)'”. Among participants who were referred to
primary care physicians on the basis of their screening results, those
from areas of low socioeconomic status were less likely to visit their
primary care physicians, highlighting socioeconomic disparities in
health care and compliance.

Suboptimal awareness of CKD among physicians and the general
population also needs to be addressed to improve early diagnosis.
Evidence suggests that CKD may be undiagnosed and untreated even
in patients with persistently low eGFR. An analysis of aSwedish cohort
thatincluded 57,880 adults with persistent eGFR <60 ml/min/1.73 m?,
reported that nearly 80% had not been diagnosed with CKD and this
lack of diagnosis was associated with anincreased risk of prescription
of nephrotoxic drugs"®'*.

Slowing CKD progression

RAS blockade with angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin receptor blockers (ARBs) has been used for the
treatment of CKD in patients with proteinuria or hypertension for
several decades®. Novel families of kidney-protective drugs are also
now available or have shown beneficial effects on CKD outcomes in
clinical trialg'0709 215181507160 (g n plementary Table 2). To date, how-
ever,only SGLT2 inhibitors have been shown to consistently slow CKD
progression across differentagents and aetiologies of CKD"*"**, Dapa-
gliflozin and empagliflozin slowed eGFR loss and reduced theincidence
of acombined primary end point of kidney events and cardiovascular
deathin patients with CKD and awide range of eGFR and UACR values,
independently of cause of CKD"*"*. The chronic eGFR slopes reported
in these trials suggest that SGLT2 inhibitors may delay KRT by up to
28 years when baseline eGFR is ~80-90 ml/min/1.73 m? and CKD is
diagnosed based on albuminuria, assuming that the patients sur-
vive and the reported benefits of these agents are maintained long
term"®'®' (Fig. 7b). If SGLT2 inhibitor therapy is initiated in patients
aged 60-70 years, they may not require dialysis until they reach the
age of 107-117 years (instead of 81-91 years), assuming that they sur-
vive to such an advanced age. As survival to >105 years is unlikely,
SGLT2 inhibitors (and other interventions) that slow CKD progres-
sionare expected toreduce the need for KRT or CCMin older patients.
IfSGLT2inhibitors areinitiated in patients with eGFR 20 ml/min/1.73 m?,
KRT might be delayed for 1.9 years, potentially avoiding 296 haemo-
dialysis sessions and the associated societal costs and environmen-
tal impact'®. In patients with CKD, SGLT2 inhibitors were shown to
reduce the risk of CVD death or heart failure hospitalization from the
first month after treatment initiation, indicating early benefit of these
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therapies™*. The mean age of participantsin the kidney-protective trials

was around 65 years, suggesting that older individuals were adequately
represented in these studies. In EMPA-KIDNEY for example, the mean
age of those in the empagliflozin group was 63.9 years with a stand-
ard deviation of 13.9 years, meaning that >15.8% of participants were
olderthan77.8 years"®. In some countries, generic SGLT2 inhibitors are
already available, potentially making these drugs affordable outside
high-income settings.

Other new agents have been tested only for certain aetiologies of
CKD'09133155156.159162 (upnplementary Table 2). The FLOW trial of semag]lu-
tidein participants with CKD (UACR >100 mg/g) and T2DM was stopped
prematurely owing to efficacy for kidney, cardiovascular and all-cause
mortality outcomes'*®'*>'**, The nonsteroidal mineralocorticoid recep-
tor antagonist (nsMRA) finerenone, improved kidney and cardiovascu-
lar outcomes in patients with diabetic kidney disease and albuminuria
>30 mg/g (refs. 133,162). In post hoc analyses, the combination of
SGLT2inhibitor plusfinerenone halved the incidence of kidney events
compared with SGLT2 inhibitor alone™®. The ongoing FIND-CKD trial is
evaluating kidney protection by finerenone in participants with non-
diabetic CKD'. Interestingly, SGLT2 inhibitors, RAS blockers and MRAs
preserve the expression of Klotho, whichis predominantly expressed
inthe kidney and has anti-ageing properties'® %,

Competingrisks
CKD is associated with an increased risk of all-cause death, which
remains high for patients on KRT***"'”*, This competing risk of death may
reduce the prevalence of CKD and KRT"2. As novel kidney-protective
drugs reduce the risk of CVD and/or all-cause death™°**, their wide-
spread therapeutic use could potentially increase the prevalence of CKD
by improving patient survival. However, such an effect is unlikely. An
analysis of data for participants with diabetic kidney disease in trials of
new kidney-protective drugs suggested alarger effect on CKD progres-
sionthanonrisk of death; combination therapy with SGLT2 inhibitors,
GLP1RAs and the nsMRA may delay all-cause death by 2.4 years (95%
Cl1.4-3.4), major adverse cardiovascular events by 3.2 years (95% CI
2.1-4.3) and CKD progression by 5.5 years (95% Cl 4.0-6.7), compared
with conventional therapy'”.
CKD complications in older patients
CKD in older individuals is an inherently complex medical condition
with amultitude of interconnected complications and symptoms that
can substantially affect QoL"*'”*. Patient complexity is an interaction
between the “personal, social, and clinical aspects of the patient’s
experience” that affects patient care'®. Increasing age and multiple
comorbid conditions, social factors such aslowincome and low educa-
tion, a high number of drugs and background factors, such aslong-term
care environments, affect perceived patient complexity””’. The com-
plexity of patients varies substantially across medical specialties but
is particularly high in nephrology owing to the multimorbid nature of
CKD, the requirement for multidisciplinary care, the high frequency
of polypharmacy and the high rates of hospitalization and death”®.
Hospitalizations are common in patients with CKD, especially
older patients with multimorbidities. Among 4,766 participants of
the Atherosclerosis Risk in Communities study, older adults with
very-high-risk stages of CKD had hospitalization rates of >50 per
100 person-years’®, In the Chronic Renal Insufficiency Cohort
study, participants had an unadjusted overall hospitalization rate of
35 per 100 person-years and an unadjusted hospitalization rate for
cardiovascular-related causes of 11 per 100 person-years. All-cause,

non-cardiovascular and cardiovascular hospitalizations were all
associated with older age'.

Fatigue affectsabout 70% of patients with CKD, and the prevalence
of this symptomincreases with age and CKD stage'***®', Fatigue is often
aresult of anaemia or a general state of ill health and affects not only
physical well-being and functioning but also emotional well-being
and social participation'*°, CKD compromises nutritional status and
muscle function, and sarcopenia and frailty, which are associated with
awide range of adverse health outcomes, are highly prevalent in the
older CKD population'. Although no recommended pharmacological
treatments exist, exercise training and nutritional supplementation are
widely accepted to be key interventions to maintain skeletal muscle
mass and strength in patients with sarcopenia'®.

The prevalence of skeletal fracturesin the general population and
inindividuals with CKD hasincreased over the past decade owing to pop-
ulationageing and associated bone loss'*. Longitudinal studies showed
thattheincidence of fractures increases with worsening CKD stage, with
the highest risk in individuals with eGFR <15 ml/min/1.73 m? (ref. 185).
Patients with CKD aged >65 years had the highest rate of fractures,
with 1in 10 women and 1in 20 men experiencing at least one fracture
within 3 years™. In particular, hip fractures are more common among
patients with CKD thaninthe general population. Theincidence of hip
fracturesis four times higher in patients on dialysis thanin the general
population'. Risk factors for hip fracturesinclude older age, low BMI,
long dialysis vintage and a history of previous hip fracture. Although the
risk of subsequent major non-hip fractures following a hip fracture is
not increased in patients with CKD, hip fracture and non-hip fracture
mortality is increased in patients with advanced-stage CKD™*%,

Cognitive dysfunction and dementia are strongly associated with
advanced age™’ and are commonin patients with CKD'°, CKD-related
cognitiveimpairment can range from mild cognitive deficitsto severe
dementia. The exact mechanisms underlying cognitive dysfunction
in CKD are not fully understood, but factors such as vascular damage,
inflammation, oxidative stress and accumulation of uraemic toxins may
have arole. Cognitive impairment cansubstantially reduce QoL and the
ability of patients to manage their health care. Early detection and
management of cognitive dysfunction in CKD are crucial to optimize
patient outcomes and improve overall well-being'".

Depression and anxiety also substantially reduce patient well-
being, especially among the older CKD population'®*. The severity of
depression often increases as CKD progresses owing to the chronic
burden of managing a progressive condition as well as pain, fatigue and
sleep disturbances'”. The psychological burden is worsened by com-
plexmedical regimens and associated financial issues. Social networks
may shrink as physical limitations and demanding treatment regimens
impose barriers tosocial interaction, perpetuatingacycle of isolation
and cognitive decline that can amplify feelings of despair. Concerns
about disease progression and the potential need for dialysis or trans-
plantation can contribute to anxiety. Frequent medical appointments
may also exacerbate anxiety by serving as reminders of patient vulner-
ability and dependence on health-care systems. The management of
depression and anxiety in older patients with CKD requires amultidis-
ciplinary approach, involving nephrologists, primary care physicians,
mental health specialists and social workers, to address the interplay
between physical and psychological well-being. Regular mental health
screening is crucial to identify and manage depression and anxiety in
patients with CKD. Pharmacological interventions for mental health
conditions should be considered in the light of altered pharmacokinet-
ics and pharmacodynamics in these patients'®*. Psychotherapeutic
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interventions, such as cognitive-behavioural therapy, may provide
patients with tools to manage anxiety and depression'®*. Lifestyle
modifications, including dietary adjustments and physical activity,
alongside the strengthening of social support networks, may also be
beneficial™*.

CKD complications and symptoms in older adults pose a com-
plex, substantial health burden. Development and implementation
of integrated care models that coordinate services and facilitate a
seamless transition across different levels of health care canimprove
outcomes for older patients with CKD'. The management of CKD in
these patients should be multidisciplinary, involving dietitians, phar-
macists, social workers, psychologists and possibly other specialists
such as cardiologists and endocrinologists to address the multifaceted
aspects of care. An integrated approach to managing multimorbid-
ity, nutritional challenges, bone health, cardiovascular risks, fatigue,
mental healthand cognitive decline supports the need for appropriate
non-pharmacological and pharmacological treatments and societal
adjustments toaccommodate an ageing population with CKD and other
chronic health conditions. Interventions that maintain or improve
the QoL of older patients with CKD, including pain management and
palliative care services when appropriate, should be made available.
Inaddition, health practitionersrequire enhanced education and train-
ing focused on geriatric nephrology to manage the complex needs of
older adults with CKD. Finally, the importance of tailored education
for patients and their families about managing CKD and its complica-
tions to empower them in self-care and disease management cannot
be overemphasized.

The financial burden of CKD

Thetreatment of CKD and kidney failure imposes a substantial financial
burden on global health systems. The projected rise in CKD preva-
lence, driven by an ageing populationand risk factors such as diabetes,
hypertensionand CVD, will drive further costincreases, necessitating
preparedness within the health-care system. The costs of dialysis and
kidney transplantation currently account for adisproportionately high
1-3% of total health-care expenditure in HICs, whereas patients with
kidney failure comprise only 0.01-0.03% of the population of these
countries, representing a 100-fold difference in health-care resource
allocation compared with the general population'”*°°, Non-health-
care-related costs of CKD should also not be underestimated, including
costsrelated toloss of productivity, costs related to informal caregivers
and out-of-pocket costs related to medication and travel* 2%, In the
Netherlands the annual estimated non-health-care-related costs of
kidney failure were estimated to be €8,284 for transplant recipients
and €23,488 for patients on dialysis*”. In HICs, a substantial portion
of overall health-care costs is driven by a relatively small number of
older adults. In the USA for example, the top 5% of health-care spend-
ers, 40% of whom were aged >65 years, accounted for more than half
of all health-care expenditure but only 18% of the total population®®.
Health expenditure for kidney failure is no different, with the oldest
patients incurring the highest costs. Among Medicare beneficiaries
with kidney failure, the overall costs were 26% higher for those aged
>75 years than for those aged 45-64 years®.

Spending onkidney failure is rapidly increasing. Inthe USA, total
kidney failure-related costs increased from US$37 billion in 2011 to
$52 billion in 2021 (ref. 13). In the UK, renal health services project a
doubling of costs between 2023 and 2033 and the need for a400%
increase in dialysis capacity to meet future demand®**. Globally,
the increase in demand for dialysis treatment will probably further

outpace dialysis capacity, leaving many patients without access, par-
ticularly in regions that are already struggling to provide basic renal
care. In LICs and lower-middle-income countries, more than 90% of
people with kidney failure currently do not receive KRT owing to eco-
nomic factors®. The GKHA identified substantial gaps in the pub-
lic funding of kidney health services, which force a large proportion
of patients to pay for treatment entirely themselves. Consequently,
patients experience catastrophic out-of-pocket expenses, high rates
of treatment discontinuation and subsequent mortality’**°%, A sys-
tematic review of studies reporting outcomes related to dialysis in
Sub-Saharan Africa published between 1990 and 2015 reported that
evenamongthe few people who were able to access health services to
receive a diagnosis of kidney failure, mortality was >95% owing to alack
of access to dialysis®”’. Among the small number who did receive dialy-
sis, treatment duration was mostly short-lived and often discontinued
within 2 weeks owing to aninability to pay®**~",

Although per-patient costs are lower for CKD than for kidney fail-
ure (butstill double that of patients without CKD), the total expenditure
for CKD is far larger because this group constitutes the vast majority
of patients. Among US Medicare beneficiaries aged >65 yearsin 2021,
the prevalence of CKD was 13.5%, but this group (which did notinclude
patients with kidney failure) accounted for a quarter of total Medicare
spending ($76.8 billion)™. Alarmingly, CKD-related costs in the USA
rose by 40% between 2011 and 2021, driven primarily by increases in
the costs of prescription drugs (138%), outpatient services (108%) and
hospice services (52%) as well as physician and supplier costs (43%)".
Globally, similar cost increases are expected. In Chile, the prevalence
of CKD stage 3-5is projected to double and the direct costs related to
the treatment of CKD are projected to triple between 2021 and 2041
(ref. 212). In China, the total economic burden of CKD is expected to
increase from $179 billion in 2019 to $198 billion in 2025 in accordance
with the projected rise in CKD prevalence?”.

CKD frequently co-occurs with other non-communicable dis-
eases, particularly in older individuals. Patients with multimorbidities
require additional specialized care, leading to substantially higher
costs?*?5, Inthe USAin 2021, patients with concomitant CKD, heart fail-
ure and diabetes had an annual per-patient cost of $50,000, which was
2.5times higher than that of patients with CKD alone ($20,000)". Inthe
Netherlands in 2016, around 80% of total hospital costs for patients
with CKD category G4 or G5 were not related to renal treatment, with
older patients in particular requiring ischaemia-related cardiology
care and diabetes-related care”*. In Australia, the number of hospi-
talizations due to CKD or kidney failure doubled between 2000 and
2020; the main non-dialysis-related reasons for hospitalizationin these
patients were heart failure, diabetes and sepsis*°. Notably, 70% of all
CKD-related hospitalizations occurred in patients aged >65 years, and
therate of hospitalization was four times higherin those aged >85 years
than in those aged 65-74 years. Ageing of the population is therefore
likely to lead to a substantial increase in the number of CKD-related
hospitalizations and associated costs.

Although the per-patient cost of CKD depends mostly onthe pres-
ence of comorbidities and consequent hospitalizations, it also varies by
CKD category and patient age. In the USA, costs tend to increase with
age among patients with CKD categories G1-G3. By contrast, in those
withadvanced CKD (categories G4 and G5) treatment costs per patient
seemto decrease with age, especially for the oldest patients®. A similar
pattern was seen in the Netherlands, where costs for patients with
CKD category G4 or G5 were lower for those aged >75 years than for
those aged 65-74 years®*. This finding suggests thatin some countries,
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older individuals with advanced CKD and their physicians may often
optfornon-dialytic treatment options, such as CCM, which are consid-
erably less costly than KRT?”. Observational studies have shown that
the odds of receiving CCM increase exponentially with age’®?. This
increase is understandable given the high mortality of older patients
withkidney failurein the first year after initiation of dialysis®'®. However,
age should not be the only criterion that is considered when deciding
on CCM versus KRT. Although dialysis provides a survival advantage
over CCM, thisbenefit may be substantially reducedin olderindividuals
withmultimorbidities”””*~**2, An ongoing randomized controlled trial
is comparing the survival and person-centred outcomes of patients
aged >65 years receiving dialysis versus conservative care, with the
aim of providing robust evidence on the optimal treatment approach
for older individuals*”.

Ethical aspects of the management of kidney failure in older
patients are complex and depend on the availability of resources and
the clinical situation of patients. In low-resource countries, individu-
alswho are very old may compete with younger individuals foralimited
supply of donor kidneys or access to dialysis. In HICs, recommend-
ing CCMssolely tolower health-care costs would be unethical. However,
CCMshould be offered as a viable treatment option during the shared
decision-making process to collaboratively determine a treatment
approach that respects the values and wishes of the patient. Shared
decision-making may be compromised by difficulty in accurately
informing individual patients about the pros and cons of CCM versus
KRT given the low quality of the available data on CCM and very dif-
ferent individual situations. CCM is often argued to potentially be
associated with better QoL than KRT, but this conclusion is based on
small, low-quality studies. A Dutch observational study that included
366 patients aged >70 years, reported that those who received CCM
had lower mediansurvival (2.4 versus 4.3 years) but similar physical and
mental QoL to those who received dialysis*”. However, QoL data were
obtained from only 23% of participants on dialysis and 18% of those on
CCM, suggesting potential for bias. Moreover, patients on dialysis had
significantly higher scores for vitality, mental health and social interac-
tions than those on CCM*”. Among 456 European patients who started
dialysis at meanage 76 years, symptomburden worsened considerably
before starting KRT and stabilized after initiation of dialysis**. These
data are consistent with a positive effect of KRT on QoL by stopping
the progressive deterioration of QoL that is associated with increasing
severity of kidney failure.

Conclusions and recommendations

The rapidly ageing population will greatly increase the global burden
of CKD and many of its risk factors, posing major challenges to health-
care systems and economies. Pharmacological advances and public
health interventions have made progress in reducing the prevalence
of CKD risk factors, but the effect of the demographic shift of ageing
seems to be outpacing these efforts.

As the fastest rates of population ageing are in LMICs, these
regions will probably be disproportionately affected by theincreasing
burden of CKD. As life expectancy increases, the risk of accumulation
of traditional CKD risk factors and the duration of exposure to CKD
risk factors also rises. The number of older patients with diabetes,
hypertension, obesity and CVD s increasing, particularly in LICs, and
this trend is expected to continue. The health systems of these coun-
tries currently lack the capacity and financing to provide treatment
for CKD and kidney failure to all those who need it and this disparity is
likely toworsen as the number of older individuals with CKD increases.

To prevent worsening of the CKD epidemic as life expectancy
increases, efforts must be scaled up to address modifiable risk factors
and initiate primary prevention strategies in high-risk individuals
at a sufficiently early age to prevent CKD in later life. Public aware-
ness campaigns should focus on educating individuals about the link
between ageing, risk factors and CKD, and should encourage regular
health check-ups, (self) screening for early signs of kidney damage
to enable early intervention and adherence to lifestyle interventions
such asdietary advice, smoking cessation and physical activity. Beyond
primary prevention, early intervention and management strategies
to slow CKD progression are vital. Efforts to improve access to early
detection and diagnosis of not only CKD, but also modifiable risk
factors such as hypertension and diabetes, through cost-effective
screening programmes for high-risk individuals would help to delay
disease progression. For CKD screening, UACR testing is widely avail-
able and offers clinically actionable results at alow cost. Novel families
of kidney-protective drugs can delay CKD progression and will prob-
ably further improve the cost-effectiveness of CKD screening in high-
risk populations. The effect of population ageing on CKD prevalence
could be substantially mitigated if these novel drugs were made widely
available and affordable. For patients living in low-resource settings,
enhanced global collaboration and innovative financing models are
required to ensure sustainable access to novel drugs and established
treatments such as RAS inhibitors.

Delaying progression to kidney failure is essential to reduce the
health and financial burden of KRT. The proportion of patients with kid-
ney failure whoreceive CCM will probably increase in parallel with the
ageing population, as older patients are more likely to choose this treat-
ment option. An ongoing clinical trial is investigating the optimal
treatment approachin this population®”. In the meantime, increased
accessto CCMisneeded sothat patients canchoose this option through
a process of shared decision-making if it aligns with their values and
preferences. Interventions that maintain orimprove the QoL of older
patients, including pain management and palliative care services,
should also be made available.

Published online: 18 July 2024

References

1. United Nations. Day of 8 billion. un.org https://www.un.org/en/dayof8billion (2022).

2. Ritchie, H. et al. Population growth. ourworldindata.org https://ourworldindata.org/
population-growth (2023).

3. United Nations, Department of Economic and Social Affairs. World population prospects
2022. un.org https://population.un.org/wpp/ (2022).

4.  World Health Organization. Ageing and health. who.int https://www.who.int/news-room/
fact-sheets/detail/ageing-and-health (2024).

5. Zoccali, C. & Floege, J. Moderator’s view: after SGLT2i and MRA antagonists, where do we
go? Clin. Kidney J. 17, sfae013 (2024).

6. Mills, K. T. et al. A systematic analysis of worldwide population-based data on the global
burden of chronic kidney disease in 2010. Kidney Int. 88, 950-957 (2015).

7. Liyanage, T. et al. Worldwide access to treatment for end-stage kidney disease:

a systematic review. Lancet 385, 1975-1982 (2015).

8.  Kovesdy, C. P. Epidemiology of chronic kidney disease: an update 2022. Kidney Int.
Suppl. 12, 7-11 (2022).

9. Jager, K. J. etal. A single number for advocacy and communication-worldwide more
than 850 million individuals have kidney diseases. Nephrol. Dial. Transpl. 34,1803-1805
(2019).

10.  Xie, Y. et al. Analysis of the Global Burden of Disease study highlights the global,
regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016.
Kidney Int. 94, 567-581(2018).

1. Foreman, K. J. et al. Forecasting life expectancy, years of life lost, and all-cause and
cause-specific mortality for 250 causes of death: reference and alternative scenarios for
2016-40 for 195 countries and territories. Lancet 392, 2052-2090 (2018).

12.  World Health Organization. WHO methods and data sources for global burden of
disease estimates 2000-2019. who.int https://cdn.who.int/media/docs/default-source/
gho-documents/global-health-estimates/ghe2019_daly-methods.pdf (2020).

Nature Reviews Nephrology | Volume 20 | September 2024 | 569-585

581


http://www.nature.com/nrneph
https://www.un.org/en/dayof8billion
https://ourworldindata.org/population-growth
https://ourworldindata.org/population-growth
https://population.un.org/wpp/
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/ghe2019_daly-methods.pdf
https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/ghe2019_daly-methods.pdf

Review article

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

United States Renal Data System. 2023 USRDS Annual Data Report: Epidemiology of
kidney disease in the United States. usrds-adr.niddk.nih.gov https://usrds-adr.niddk.nih.
gov/2023 (National Institutes of Health, National Institute of Diabetes and Digestive and
Kidney Diseases, Bethesda, MD).

Stel, V. S. et al. A comparison of the epidemiology of kidney replacement therapy
between Europe and the United States: 2021 data of the ERA Registry and the USRDS.
Nephrol. Dial. Transpl. https://doi.org/10.1093/ndt/gfae040 (2024).

Boerstra, B. A. et al. The ERA registry annual report 2021: a summary. Clin. Kidney J. 17,
sfad281(2024).

Irish, G. et al. 46th Report, Ch. 1: Incidence of kidney failure with replacement therapy.
anzdata.org.au https://www.anzdata.org.au/wp-content/uploads/2023/09/ANZDATA_AR-
2022-23_Chapter-1_F4.pdf (2023).

Robinson, B. M. et al. Factors affecting outcomes in patients reaching end-stage kidney
disease worldwide: differences in access to renal replacement therapy, modality use,
and haemodialysis practices. Lancet 388, 294-306 (2016).

Thomas, B. et al. Maintenance dialysis throughout the world in years 1990 and 2010.

J. Am. Soc. Nephrol. 26, 2621-2633 (2015).

United States Renal Data System. Data extraction system for kidney related information
& basic epidemiology. niddk.nih.gov https://www.niddk.nih.gov/about-niddk/
strategic-plans-reports/usrds/data-query-tools (accessed 1June 2024).

Huijben, J. A. et al. Increasing numbers and improved overall survival of patients on
kidney replacement therapy over the last decade in Europe: an ERA Registry study.
Nephrol. Dial. Transpl. 38, gfac165 (2023).

Moist, L. M. et al. Canadian organ replacement register (CORR): reflecting the past and
embracing the future. Can. J. Kidney Health Dis. 1, 26 (2014).

UK Kidney Association. UK Renal Registry. UK Renal Registry Summary of Annual Report
ukkidney.org https://ukkidney.org/sites/renal.org/files/UK%20Renal%20Registry%20
Report%202021%20-%20Patient%20Summary_O.pdf (2021).

Yamagata, K. Trends in the incidence of kidney replacement therapy: comparisons of
ERA, USRDS and Japan registries. Nephrol. Dial. Transpl. 38, gfac312 (2023).

Oevelen, M. V. et al. Decreasing incidence of dialysis in older patients in The Netherlands
as compared with other European countries: an international perspective. Clin. Kidney J.
16, sfad048 (2023).

Bello, A. K. et al. An update on the global disparities in kidney disease burden and care
across world countries and regions. Lancet Glob. Health 12, e382-e395 (2024).

Sparke, C. et al. Estimating the total incidence of kidney failure in Australia including
individuals who are not treated by dialysis or transplantation. Am. J. Kidney Dis. 61,
413-419 (2013).

Hemmelgarn, B. R. et al. Rates of treated and untreated kidney failure in older vs younger
adults. JAMA 307, 2507-2515 (2012).

Stevens, P. E. et al. Evaluation and management of chronic kidney disease: synopsis

of the kidney disease: improving global outcomes 2012 clinical practice guideline.
Ann. Intern. Med. 158, 825-830 (2013).

Fenton, A. et al. Glomerular filtration rate: new age- and gender- specific reference
ranges and thresholds for living kidney donation. BMC Nephrol. 19, 336 (2018).
Delanaye, P. et al. CKD: a call for an age-adapted definition. J. Am. Soc. Nephrol. 30,
1785-1805 (2019).

Lees, J. S. & Shlipak, M. G. Age-adapted eGFR thresholds underestimate the risks
beyond kidney failure associated with CKD in older populations. J. Am. Geriatr. Soc. 70,
3660-3664 (2022).

KDIGO CKD Work Group. KDIGO 2024 clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int. 105, S117-S314 (2024).

Levey, A. S. Grams, M. E. Inker, L. A. Uses of GFR and albuminuria level in acute and
chronic kidney disease. N. Engl. J. Med. 386, 2120-2128 (2022).

Grams, M. E. et al. Estimated glomerular filtration rate, albuminuria, and adverse
outcomes: an individual-participant data meta-analysis. JAMA 330, 1266-1277 (2023).
Grams, M. E. et al. The kidney failure risk equation: evaluation of novel input variables
including eGFR estimated using the CKD-EPI 2021 equation in 59 cohorts. J. Am. Soc.
Nephrol. 34, 482-494 (2023).

Laville, S. M. et al. Adverse drug reactions in patients with CKD. Clin. J. Am. Soc. Nephrol.
15, 1090-1102 (2020).

Swedko, P., Clark, H., Paramsothy, K. & Akbari, A. Serum creatinine is an inadequate
screening test for renal failure in elderly patients. Arch. Intern. Med. 163, 356-360
(2003).

Dowling, T. C., Wang, E. S., Ferrucci, L. & Sorkin, J. D. Glomerular filtration rate equations
overestimate creatinine clearance in older individuals enrolled in the Baltimore Longitudinal
Study on Aging: impact on renal drug dosing. Pharmacotherapy 33, 912-921(2013).
Schaeffner, E. S. et al. Two novel equations to estimate kidney function in persons aged
70 years or older. Ann. Intern. Med. 157, 471-481(2012).

Buchkremer, F. & Segerer, S. Estimating glomerular filtration rate: a systematic
comparison of the new European Kidney Function Consortium equation with the chronic
kidney disease epidemiology collaboration equation. Clin. Kidney J. 14, sfaa264 (2021).
Pottel, H. et al. Development and validation of a modified full age spectrum creatinine-
based equation to estimate glomerular filtration rate: a cross-sectional analysis of
pooled data. Ann. Intern. Med. 174, 183-191 (2021).

Denic, A. et al. The substantial loss of nephrons in healthy human kidneys with aging.

J. Am. Soc. Nephrol. 28, 313-320 (2017).

Denic, A., Rule, A. D. & Glassock, R. J. Healthy and unhealthy aging on kidney structure
and function: human studies. Curr. Opin. Nephrol. Hypertens. 31, 228-234 (2022).

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

.

72.

73.

74.

75.

Denic, A., Glassock, R. J. & Rule, A. D. Structural and functional changes with the aging
kidney. Adv. Chronic Kidney Dis. 23,19-28 (2016).

Zhou, X. J. et al. The aging kidney. Kidney Int. 74, 710-720 (2008).

Gorski, M. et al. Genome-wide association study of kidney function decline in individuals
of European descent. Kidney Int. 87,1017-1029 (2015).

Vikse, B. E., Irgens, L. M., Leivestad, T., Hallan, S. & Iversen, B. M. Low birth weight
increases risk for end-stage renal disease. J. Am. Soc. Nephrol. 19, 151-157 (2008).
Sanderson, K. R., Wekon-Kemeni, C. & Charlton, J. R. From premature birth to premature
kidney disease: does accelerated aging play a role? Pediatr. Nephrol. 39, 2001-2013
(2023).

Lin, J. L., Lin-Tan, D. T., Hsu, K. H. & Yu, C. C. Environmental lead exposure and progression
of chronic renal diseases in patients without diabetes. N. Engl. J. Med. 348, 277-286
(2003).

Alicic, R. Z., Rooney, M. T. & Tuttle, K. R. Diabetic kidney disease: challenges, progress,
and possibilities. Clin. J. Am. Soc. Nephrol. 12, 2032-2045 (2017).

The World Health Organization. The Global Health Obervatory. who.int https://www.who.
int/data/gho (accessed 1June 2024).

Kibria, G. M. A. & Crispen, R. Prevalence and trends of chronic kidney disease and its risk
factors among US adults: an analysis of NHANES 2003-18. Prev. Med. Rep. 20, 101193
(2020).

Magliano, D. J. et al. Trends in incidence of total or type 2 diabetes: systematic review.
BMJ 366, 15003 (2019).

Saeedi, P. et al. Global and regional diabetes prevalence estimates for 2019 and
projections for 2030 and 2045: results from the International Diabetes Federation
Diabetes Atlas, 9th edition. Diabetes Res. Clin. Pract. 167,107843 (2019).

NCD Risk Factor Collaboration. Worldwide trends in diabetes since 1980: a pooled
analysis of 751 population-based studies with 4.4 million participants. Lancet 387,
1513-1530 (2016).

NCD Risk Factor Collaboration. Worldwide trends in blood pressure from 1975 to 2015:

a pooled analysis of 1479 population-based measurement studies with 19.1 million
participants. Lancet 389, 37-55 (2017).

Mills, K. T. et al. Global disparities of hypertension prevalence and control: a systematic
analysis of population-based studies from 90 countries. Circulation 134, 441-450 (2016).
Forouzanfar, M. H. et al. Global burden of hypertension and systolic blood pressure of at
least 110 to 115 mm Hg, 1990-2015. JAMA 317, 165-182 (2017).

Ong, K. L. et al. Global, regional, and national burden of diabetes from 1990 to 2021, with
projections of prevalence to 2050: a systematic analysis for the Global Burden of Disease
study 2021. Lancet 402, 203-234 (2023).

Ku, E., Lee, B. J., Wei, J. & Weir, M. R. Hypertension in CKD: core curriculum 2019.

Am. J. Kidney Dis. 74,120-131(2019).

Muli, S. et al. Prevalence, awareness, treatment, and control of hypertension in older
people: results from the population-based KORA-age 1 study. BMC Public Health 20,
1049 (2020).

NHS. Health Survey for England 2021, Part 1. digital.nhs.uk https://digital.nhs.uk/
data-and-information/publications/statistical/health-survey-for-england/2021 (2022).
Ostchega, Y. F. C., Nwankwo, T. & Nguyen, D. T. Hypertension prevalence among adults
aged 18 and over: United States, 2017-2018. NCHS Data Brief. 364, 1-8 (2020).

Australian Bureau of Statistics. Hypertension and high measured blood pressure.
abs.gov.au https://www.abs.gov.au/statistics/health/health-conditions-and-risks/
hypertension-and-high-measured-blood-pressure/latest-release#:~:Text=In%
202022%2C%200ver%200ne%20in,2011%E2%80%9312%20(21.5%25) (2023).

Australian Bureau of Statistics. National Health Survey 2022. abs.gov.au https://www.
abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey/
latest-release (2023).

Chen, M. M. et al. Heavy disease burden of high systolic blood pressure during
1990-2019: highlighting regional, sex, and age specific strategies in blood pressure
control. Front. Cardiovasc. Med. 8, 754778 (2021).

Hounkpatin, H. O. et al. Prevalence of chronic kidney disease in adults in England:
comparison of nationally representative cross-sectional surveys from 2003 to 2016.

BMJ Open 10, 038423 (2020).

Carey, R. M., Whelton, P. K. & Committee, A. A. H. G. W. Prevention, detection, evaluation,
and management of high blood pressure in adults: synopsis of the 2017 American
College of Cardiology/American Heart Association Hypertension Guideline. Ann. Intern.
Med. 168, 351-358 (2018).

Prasad, R., Jha, R. K. & Keerti, A. Chronic kidney disease: its relationship with obesity.
Cureus 14, 30535 (2022).

Jura, M. & Kozak, L. P. Obesity and related consequences to ageing. Age 38, 23 (2016).
Chang, A. R. et al. Adiposity and risk of decline in glomerular filtration rate: meta-analysis
of individual participant data in a global consortium. BMJ 364, k5301 (2019).

WHO. Prevalence of obesity among adults, BMI >= 30 (crude estimate) (%). who.int,
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-
obesity-among-adults-bmi-=-30-(crude-estimate)-(-) (2024).

Stierman, B. et al. National Health and Nutrition Examination Survey 2017-March 2020
Prepandemic Data Files Development of Files and Prevalence Estimates for Selected
Health Outcomes (NCHS National Health Statistics Reports, 2021)

Zoccali, C. & Mallamaci, F. The cardiovascular-renal link and the health burden of kidney
failure. Eur. Heart J. 44,1167-1169 (2023).

Lindstrom, M. et al. Global burden of cardiovascular diseases and risks collaboration,
1990-2021. J. Am. Coll. Cardiol. 80, 2372-2425 (2022).

Nature Reviews Nephrology | Volume 20 | September 2024 | 569-585

582


http://www.nature.com/nrneph
https://usrds-adr.niddk.nih.gov/2023
https://usrds-adr.niddk.nih.gov/2023
https://doi.org/10.1093/ndt/gfae040
https://www.anzdata.org.au/wp-content/uploads/2023/09/ANZDATA_AR-2022-23_Chapter-1_F4.pdf
https://www.anzdata.org.au/wp-content/uploads/2023/09/ANZDATA_AR-2022-23_Chapter-1_F4.pdf
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/usrds/data-query-tools
https://www.niddk.nih.gov/about-niddk/strategic-plans-reports/usrds/data-query-tools
https://ukkidney.org/sites/renal.org/files/UK%20Renal%20Registry%20Report%202021%20-%20Patient%20Summary_0.pdf
https://ukkidney.org/sites/renal.org/files/UK%20Renal%20Registry%20Report%202021%20-%20Patient%20Summary_0.pdf
https://www.who.int/data/gho
https://www.who.int/data/gho
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2021
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england/2021
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/hypertension-and-high-measured-blood-pressure/latest-release#:~:Text=In%202022%2C%20over%20one%20in,2011-12%20(21.5%25)
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/hypertension-and-high-measured-blood-pressure/latest-release#:~:Text=In%202022%2C%20over%20one%20in,2011-12%20(21.5%25)
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/hypertension-and-high-measured-blood-pressure/latest-release#:~:Text=In%202022%2C%20over%20one%20in,2011-12%20(21.5%25)
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey/latest-release
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(crude-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(crude-estimate)-(-)

Review article

76.

77

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.
88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

108.

104.

105.

106.

107.

Healthdata.org. GBD Compare, https://vizhub.healthdata.org/gbd-compare/website
(accessed 1June 2024).

Amini, M. et al. Trend analysis of cardiovascular disease mortality, incidence, and
mortality-to-incidence ratio: results from global burden of disease study 2017.

BMC Public Health 21, 401(2021).

Mark, P. B. et al. Major cardiovascular events and subsequent risk of kidney failure with
replacement therapy: a CKD Prognosis Consortium study. Eur. Heart J. 44, 1157-1166
(2023).

Ishigami, J. et al. Acceleration of kidney function decline after incident hospitalization
with cardiovascular disease: the Stockholm CREAtinine measurements (SCREAM)
project. Eur. J. Heart Fail. 22,1790-1799 (2020).

Ishigami, J. et al. Incident hospitalization with major cardiovascular diseases and
subsequent risk of ESKD: implications for cardiorenal syndrome. J. Am. Soc. Nephrol. 31,
405-414 (2020).

Mallappallil, M., Friedman, E. A., Delano, B. G., McFarlane, S. I. & Salifu, M. O. Chronic
kidney disease in the elderly: evaluation and management. Clin. Pract. 11, 525-535 (2014).
Zoccali, C. et al. Cardiovascular complications in chronic kidney disease: a review from
the European Renal and Cardiovascular Medicine Working Group of the European Renal
Association. Cardiovasc. Res. 119, 2017-2032 (2023).

Jankowski, J., Floege, J., Fliser, D., Bbhm, M. & Marx, N. Cardiovascular disease in chronic
kidney disease. Circulation 143, 1157-1172 (2021).

Matsushita, K. et al. Epidemiology and risk of cardiovascular disease in populations with
chronic kidney disease. Nat. Rev. Nephrol. 18, 696-707 (2022).

Turner, N. N. et al. Oxford Textbook of Clinical Nephrology (Oxford Univ. Press, 2015).
Ortiz, A., Mattace-Raso, F., Soler, M. J. & Fouque, D. Ageing meets kidney disease.
Nephrol. Dial. Transpl. 38, 523-526 (2023).

Kellum, J. A. et al. Acute kidney injury. Nat. Rev. Dis. Primers 7, 52 (2021).

Hoste, E. A. J. et al. Global epidemiology and outcomes of acute kidney injury. Nat. Rev.
Nephrol. 14, 607-625 (2018).

Ishani, A. et al. Acute kidney injury increases risk of ESRD among elderly. J. Am. Soc.
Nephrol. 20, 223-228 (2009).

O’Sullivan, E. D., Hughes, J. & Ferenbach, D. A. Renal aging: causes and consequences.
J. Am. Soc. Nephrol. 28, 407-420 (2017).

Kane-Gill, S. L. et al. Risk factors for acute kidney injury in older adults with critical illness:
a retrospective cohort study. Am. J. Kidney Dis. 65, 860-869 (2015).

James, M. T. et al. Glomerular filtration rate, proteinuria, and the incidence and
consequences of acute kidney injury: a cohort study. Lancet 376, 2096-2103 (2010).
Chronopoulos, A. et al. Acute kidney injury in elderly intensive care patients: a review.
Intensive Care Med. 36, 1454-1464 (2010).

Mancia, G. et al. 2023 ESH Guidelines for the management of arterial hypertension.

The Task Force for the management of arterial hypertension of the European Society

of Hypertension: endorsed by the International Society of Hypertension (ISH) and the
European Renal Association (ERA). J. Hypertens. 41,1874-2071(2023).

Khan, S. S. et al. Novel prediction equations for absolute risk assessment of total
cardiovascular disease incorporating cardiovascular-kidney-metabolic health: a scientific
statement from the American Heart Association. Circulation 148, 1982-2004 (2023).
Ortiz, A. et al. The Spanish scientific societies before the ESC 2021 guidelines on vascular
disease prevention: generalizing the measurement of albuminuria to identify vascular risk
and prevent vascular disease. Nefrologia 43, 245-250 (2023).

Garcia-Maset, R. et al. Information and consensus document for the detection and
management of chronic kidney disease. Nefrologia 42, 233-264 (2022).

de Boer, I. H. et al. Diabetes management in chronic kidney disease: a consensus report
by the American Diabetes Association (ADA) and Kidney Disease: Improving Global
Outcomes (KDIGO). Kidney Int. 102, 974-989 (2022).

Garovic, V. D. et al. Hypertension in pregnancy: diagnosis, blood pressure goals,

and pharmacotherapy: a scientific statement from the American Heart Association.
Hypertension 79, e21-e41(2022).

Visseren, F. L. J. et al. 2021 ESC guidelines on cardiovascular disease prevention in
clinical practice. Eur. J. Prev. Cardiol. 29, 5-115 (2022).

Ortiz, A. et al. Chronic kidney disease as cardiovascular risk factor in routine clinical
practice: a position statement by the Council of the European Renal Association.
Nephrol. Dial. Transpl. 38, 527-531(2023).

Christofides, E. A. & Desai, N. Optimal early diagnosis and monitoring of diabetic kidney
disease in type 2 diabetes mellitus: addressing the barriers to alouminuria testing.

J. Prim. Care Community Health 12, 21501327211003683 (2021).

Helve, J. et al. Effect of comorbidities on survival in patients >80 years of age at onset of
renal replacement therapy: data from the ERA-EDTA Registry. Nephrol. Dial. Transpl. 36,
688-694 (2021).

Helve, J. et al. Factors associating with differences in the incidence of renal replacement
therapy among elderly: data from the ERA-EDTA Registry. Nephrol. Dial. Transpl. 33,
1428-1435 (2018).

Carriazo, S., Vanessa Perez-Gomez, M. & Ortiz, A. Hypertensive nephropathy: a major
roadblock hindering the advance of precision nephrology. Clin. Kidney J. 13, 504-509
(2020).

Keller, G., Zimmer, G., Mall, G., Ritz, E. & Amann, K. Nephron number in patients with
primary hypertension. N. Engl. J. Med. 348, 101-108 (2003).

Levin, A. et al. Empagliflozin and cardiovascular and kidney outcomes across KDIGO
risk categories: post hoc analysis of a randomized, double-blind, placebo-controlled,
multinational trial. Clin. J. Am. Soc. Nephrol. 15, 1433-1444 (2020).

108.

109.

10.

m.

2.

13.

4.

5.

6.

n7.

8.

me.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

Freedman, B. |. & Sedor, J. R. Hypertension-associated kidney disease: perhaps no more.
J. Am. Soc. Nephrol. 19, 2047-2051 (2008).

Egbuna, O. et al. Inaxaplin for proteinuric kidney disease in persons with two APOL1
variants. N. Engl. J. Med. 388, 969-979 (2023).

Ferder, L., Inserra, F., Romano, L., Ercole, L. & Pszenny, V. Decreased glomerulosclerosis
in aging by angiotensin-converting enzyme inhibitors. J. Am. Soc. Nephrol. 5, 1147-1152
(1994).

Neuen, B. L. et al. Relative and absolute risk reductions in cardiovascular and kidney
outcomes with canagliflozin across KDIGO risk categories: findings from the CANVAS
program. Am. J. Kidney Dis. 77, 23-34 21 (2021).

Mosenzon, O. et al. Dapagliflozin and prevention of kidney disease among patients with
type 2 diabetes: post hoc analyses from the DECLARE-TIMI 58 trial. Diabetes Care 45,
2350-2359 (2022).

Sehgal, R. et al. Systems age: a single blood methylation test to quantify aging heterogeneity
across 11 physiological systems. Preprint at bioRxiv https://doi.org/10.1101/2023.0713.548904
(2024).

Tian, Y. E. et al. Heterogeneous aging across multiple organ systems and prediction of
chronic disease and mortality. Nat. Med. 29, 1221-1231(2023).

Khan, A. et al. Genome-wide polygenic score to predict chronic kidney disease across
ancestries. Nat. Med. 28, 1412-1420 (2022).

Glassock, R. J. & Winearls, C. Ageing and the glomerular filtration rate: truths and
consequences. Trans. Am. Clin. Climatol. Assoc. 120, 419-428 (2009).

Melsom, T. et al. Sex differences in age-related loss of kidney function. J. Am. Soc.
Nephrol. 33,1891-1902 (2022).

Herrington, W. G. et al. Empagliflozin in patients with chronic kidney disease. N. Engl. J.
Med. 388, 117-127 (2023).

Lloyd-Jones, D. M. et al. Life's essential 8: updating and enhancing the American Heart
Association’s construct of cardiovascular health: a presidential advisory from the
American Heart Association. Circulation 146, e18-e43 (2022).

Valenzuela, P. L. et al. Lifestyle interventions for the prevention and treatment of
hypertension. Nat. Rev. Cardiol. 18, 251-275 (2021).

Ndumele, C. E. et al. Cardiovascular-kidney-metabolic health: a presidential advisory
from the American Heart Association. Circulation 148, 1606-1635 (2023).

Ndumele, C. E. et al. A synopsis of the evidence for the science and clinical management
of cardiovascular-kidney-metabolic (CKM) syndrome: a scientific statement from the
American Heart Association. Circulation 148, 1636-1664 (2023).

Arena, R. et al. Healthy lifestyle interventions to combat noncommunicable disease—a
novel nonhierarchical connectivity model for key stakeholders: a policy statement from
the American Heart Association, European Society of Cardiology, European Association
for Cardiovascular Prevention and Rehabilitation, and American College of Preventive
Medicine. Eur. Heart J. 36, 2097-2109 (2015).

Gregg, E. W. et al. Changes in diabetes-related complications in the United States,
1990-2010. N. Engl. J. Med. 370, 1514-1523 (2014).

Tuttle, K. R. et al. Incidence of chronic kidney disease among adults with diabetes,
2015-2020. N. Engl. J. Med. 387, 1430-1431(2022).

Group, T. S. et al. Long-term complications in youth-onset type 2 diabetes. N. Engl. J.
Med. 385, 416-426 (2021).

Sarafidis, P. et al. A European Renal Association (ERA) synopsis for nephrology practice
of the 2023 European Society of Hypertension (ESH) guidelines for the management of
arterial hypertension. Nephrol. Dial. Transpl. 39, 929-943 (2024).

Carriazo, S., Sarafidis, P., Ferro, C. J. & Ortiz, A. Blood pressure targets in CKD 2021: the
never-ending guidelines debacle. Clin. Kidney J. 15, 845-851(2022).

American Diabetes Association Professional Practice Committee. 3. Prevention or
delay of diabetes and associated comorbidities: standards of care in diabetes-2024.
Diabetes Care 47, S43-S51(2024).

American Diabetes Association Professional Practice Committee. 11. Chronic kidney
disease and risk management: standards of care in diabetes—2024. Diabetes Care 47,
S219-5230 (2024).

Beddhu, S. et al. Intensive systolic blood pressure control and incident chronic kidney
disease in people with and without diabetes mellitus: secondary analyses of two
randomised controlled trials. Lancet Diabetes Endocrinol. 6, 555-563 (2018).

Nathan, D. M. et al. Glycemia reduction in type 2 diabetes - microvascular and
cardiovascular outcomes. N. Engl. J. Med. 387, 1075-1088 (2022).

Bosch, C., Carriazo, S., Soler, M. J., Ortiz, A. & Fernandez-Fernandez, B. Tirzepatide and
prevention of chronic kidney disease. Clin. Kidney J. 16, 797-808 (2023).

Lincoff, A. M. et al. Semaglutide and cardiovascular outcomes in obesity without
diabetes. N. Engl. J. Med. 389, 2221-2232 (2023).

Wilding, J. P. H. et al. Once-weekly semaglutide in adults with overweight or obesity.

N. Engl. J. Med. 384, 989-1002 (2021).

Jastreboff, A. M. et al. Tirzepatide once weekly for the treatment of obesity. N. Engl. J.
Med. 387, 205-216 (2022).

Ruilope, L. M., Ruiz-Hurtado, G., Miranda, B. & Ortiz, A. Use of chronic kidney disease
blind spot to prevent cardiorenal outcomes. Eur. Heart J. 43, 257-260 (2022).
Sanchez-Nino, M. D., Sanz, A. B., Ramos, A. M., Fernandez-Fernandez, B. & Ortiz, A.
Clinical proteomics in kidney disease as an exponential technology: heading towards the
disruptive phase. Clin. Kidney J. 10, 188-191 (2017).

Selby, N. M. et al. Magnetic resonance imaging biomarkers for chronic kidney disease:
a position paper from the European Cooperation in Science and Technology Action
PARENCHIMA. Nephrol. Dial. Transpl. 33, ii4-ii14 (2018).

Nature Reviews Nephrology | Volume 20 | September 2024 | 569-585

583


http://www.nature.com/nrneph
https://vizhub.healthdata.org/gbd-compare/website
https://doi.org/10.1101/2023.07.13.548904

Review article

140.

141

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

7.

Okpechi, I. G. et al. Early identification of CKD-A scoping review of the global
populations. Kidney Int. Rep. 7,1341-1353 (2022).

Sakai, T. et al. Uptake of further investigations following universal urinary screening
among elementary and junior high school students in Shiga Prefecture, Japan:

a retrospective cohort study. Nephrology 25, 599-606 (2020).

Vivante, A. et al. Persistent asymptomatic isolated microscopic hematuria in Israeli
adolescents and young adults and risk for end-stage renal disease. JAMA 306, 729-736
(20M).

Komenda, P. et al. Cost-effectiveness of primary screening for CKD: a systematic review.
Am. J. Kidney Dis. 63, 789-797 (2014).

Okubo, R. et al. Cost-effectiveness of mass screening for dipstick hematuria in Japan.
Clin. Exp. Nephrol. 26, 398-412 (2022).

Ortiz, A., Wanner, C., Gansevoort, R. & Council, E. R. A. Chronic kidney disease as
cardiovascular risk factor in routine clinical practice: a position statement by the council
of the European Renal Association. Eur. J. Prev. Cardiol. 29, 2211-2215 (2022).

Huart, J. et al. Proteinuria in COVID-19: prevalence, characterization and prognostic role.
J. Nephrol. 34, 355-364 (2021).

van Mil, D. et al. Participation rate and yield of two home-based screening methods to
detect increased albuminuria in the general population in the Netherlands (THOMAS):

a prospective, randomised, open-label implementation study. Lancet 402, 1052-1064
(2023).

Carriazo, S., Villalvazo, P. & Ortiz, A. More on the invisibility of chronic kidney disease...
and counting. Clin. Kidney J. 15, 388-392 (2022).

Bosi, A. et al. Use of nephrotoxic medications in adults with chronic kidney disease in
Swedish and US routine care. Clin. Kidney J. 15, 442-451(2022).

Sarafidis, P. et al. Sodium-glucose co-transporter-2 inhibitors for patients with diabetic
and nondiabetic chronic kidney disease: a new era has already begun. J. Hypertens. 39,
1090-1097 (2021).

Tuttle, K. R. et al. Efficacy and safety of aldosterone synthase inhibition with and without
empagliflozin for chronic kidney disease: a randomised, controlled, phase 2 trial. Lancet
403, 379-390 (2024).

Perkovic, V. et al. Canagliflozin and renal outcomes in type 2 diabetes and nephropathy.
N. Engl. J. Med. 380, 2295-2306 (2019).

FDA. Filspari: full prescribing information. fda.gov https://www.accessdata.fda.gov/
drugsatfda_docs/label/2023/216403s000lbl.pdf (2023).

Heerspink, H. J. L. et al. Dapagliflozin in patients with chronic kidney disease. N. Engl. J.
Med. 383, 1436-1446 (2020).

Pitt, B. et al. Cardiovascular events with finerenone in kidney disease and type 2 diabetes.
N. Engl. J. Med. 385, 2252-2263 (2021).

Bakris, G. L. et al. Effect of finerenone on chronic kidney disease outcomes in type 2
diabetes. N. Engl. J. Med. 383, 2219-2229 (2020).

Agarwal, R. et al. Cardiovascular and kidney outcomes with finerenone in patients with
type 2 diabetes and chronic kidney disease: the FIDELITY pooled analysis. Eur. Heart J.
43, 474-484 (2022).

Rossing, P. et al. Finerenone in patients with chronic kidney disease and type 2 diabetes
by sodium-glucose cotransporter 2 inhibitor treatment: the FIDELITY analysis. Diabetes
Care 45, 2991-2998 (2022).

Rovin, B. H. et al. Efficacy and safety of sparsentan versus irbesartan in patients with IgA
nephropathy (PROTECT): 2-year results from a randomised, active-controlled, phase 3
trial. Lancet 402, 2077-2090 (2023).

Rossing, P. et al. The rationale, design and baseline data of FLOW, a kidney outcomes
trial with once-weekly semaglutide in people with type 2 diabetes and chronic kidney
disease. Nephrol. Dial. Transpl. 38, 2041-2051(2023).

Fernandez-Fernandez, B., Sarafidis, P., Soler, M. J. & Ortiz, A. EMPA-KIDNEY: expanding
the range of kidney protection by SGLT2 inhibitors. Clin. Kidney J. 16, 1187-1198 (2023).
Michos, E. D., Bakris, G. L., Rodbard, H. W. & Tuttle, K. R. Glucagon-like peptide-1 receptor
agonists in diabetic kidney disease: a review of their kidney and heart protection. Am. J.
Prev. Cardiol. 14,100502 (2023).

Gragnano, F., De Sio, V. & Calabro, P. FLOW trial stopped early due to evidence of renal
protection with semaglutide. Eur. Heart J. Cardiovasc. Pharmacother. 10, 7-9 (2024).
Perkovic, V. et al. Effects of semaglutide on chronic kidney disease in patients with type 2
diabetes. N. Engl. J. Med. https://doi.org/10.1056/NEJM0a2403347 (2024).

National Library of Medicine. ClinicalTrials.gov https://clinicaltrials.gov/study/
NCTO5047263 (2024).

Mora-Fernandez, C. et al. Sodium-glucose co-transporter-2 inhibitors increase Klotho

in patients with diabetic kidney disease: a clinical and experimental study. Biomed.
Pharmacother. 154, 113677 (2022).

Alesutan, I. et al. 25-Hydroxyvitamin D3 1-alpha-hydroxylase-dependent stimulation of
renal klotho expression by spironolactone. Kidney Blood Press. Res. 37, 475-487 (2013).
Mitani, H. et al. In vivo klotho gene transfer ameliorates angiotensin Il-induced renal
damage. Hypertension 39, 838-843 (2002).

Criado L, O. A. Decreased life expectancy: a health outcome not corrected by kidney
replacement therapy that emphasizes the need for primary prevention of CKD. Clin.
Kidney J. 17, sfae053 (2024).

Ortiz, A. et al. Epidemiology, contributors to, and clinical trials of mortality risk in chronic
kidney failure. Lancet 383, 1831-1843 (2014).

ERA-EDTA Council; ERACODA Working Group. Chronic kidney disease is a key risk factor
for severe COVID-19: a call to action by the ERA-EDTA. Nephrol. Dial. Transpl. 36, 87-94
(2021).

172.

173.

174.

175.

176.

177.

178.

170.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

198.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Yan, G. et al. Role of age and competing risk of death in the racial disparity of kidney
failure incidence after onset of CKD. J. Am. Soc. Nephrol. 35, 299-310 (2024).

Neuen, B. L. et al. Estimated lifetime cardiovascular, kidney, and mortality benefits of
combination treatment With SGLT2 inhibitors, GLP-1 receptor agonists, and nonsteroidal
MRA compared with conventional care in patients with type 2 diabetes and albuminuria.
Circulation 149, 450-462 (2024).

Fletcher, B. R. et al. Symptom burden and health-related quality of life in chronic kidney
disease: a global systematic review and meta-analysis. PLoS Med. 19, 1003954 (2022).
Kalantar-Zadeh, K. et al. Patient-centred approaches for the management of unpleasant
symptoms in kidney disease. Nat. Rev. Nephrol. 18, 185-198 (2022).

Tonelli, M. et al. Comparison of the complexity of patients seen by different medical
subspecialists in a universal health care system. JAMA Netw. Open 1, 184852 (2018).
Pratt, R., Hibberd, C., Cameron, |. M. & Maxwell, M. The patient centered assessment
method (PCAM): integrating the social dimensions of health into primary care.

J. Comorb. 5, 110-119 (2015).

Wong, E. et al. Hospitalization risk among older adults with chronic kidney disease.

Am. J. Nephrol. 50, 212-220 (2019).

Schrauben, S. J. et al. Hospitalizations among adults with chronic kidney disease in the
United States: a cohort study. PLOS Med. 17, 1003470 (2020).

Gregg, L. P., Bossola, M., Ostrosky-Frid, M. & Hedayati, S. S. Fatigue in CKD: epidemiology,
pathophysiology, and treatment. Clin. J. Am. Soc. Nephrol. 16, 1445-1455 (2021).
Abdelhamid, E. M., Elsaid, S. M. S., Khater, M. S. & Ali, S. M. Prevalence of fatigue and risk
of fall among elderly with chronic kidney disease. Egypt. J. Hosp. Med. 89, 5789-5795
(2022).

Wong, L., Duque, G. & McMahon, L. P. Sarcopenia and frailty: challenges in mainstream
nephrology practice. Kidney Int. Rep. 6, 2554-2564 (2021).

Yoshimura, Y. et al. Interventions for treating sarcopenia: a systematic review and meta-
analysis of randomized controlled studies. J. Am. Med. Dir. Assoc. 18, 553 €551-553.e516
(2017).

Pimentel, A., Urena-Torres, P., Bover, J., Fernandez-Martin, J. L. & Cohen-Solal, M. Bone
fragility fractures in CKD patients. Calcif. Tissue Int. 108, 539-550 (2021).

Naylor, K. L. et al. Comparison of fracture risk prediction among individuals with reduced
and normal kidney function. Clin. J. Am. Soc. Nephrol. 10, 646-653 (2015).

Naylor, K. L. et al. The three-year incidence of fracture in chronic kidney disease.

Kidney Int. 86, 810-818 (2014).

Alem, A. M. et al. Increased risk of hip fracture among patients with end-stage renal
disease. Kidney Int. 58, 396-399 (2000).

de Bruin, I. J. A. et al. The risk of new fragility fractures in patients with chronic kidney
disease and hip fracture-a population-based cohort study in the UK. Osteoporos. Int. 31,
1487-1497 (2020).

Brito, D. V. C. et al. Assessing cognitive decline in the aging brain: lessons from rodent
and human studies. NPJ Aging 9, 23 (2023).

Bugnicourt, J. M., Godefroy, O., Chillon, J. M., Choukroun, G. & Massy, Z. A. Cognitive
disorders and dementia in CKD: the neglected kidney-brain axis. J. Am. Soc. Nephrol. 24,
353-363 (2013).

Pepin, M. et al. Cognitive disorders in patients with chronic kidney disease: specificities
of clinical assessment. Nephrol. Dial. Transpl. 37, ii23-ii32 (2021).

Feng, L., Yap, K. B. & Ng, T. P. Depressive symptoms in older adults with chronic kidney
disease: mortality, quality of life outcomes, and correlates. Am. J. Geriatr. Psychiatry 21,
570-579 (2013).

Shirazian, S. et al. Depression in chronic kidney disease and end-stage renal disease:
similarities and differences in diagnosis, epidemiology, and management. Kidney Int.
Rep. 2, 94-107 (2017).

Hedayati, S. S., Yalamanchili, V. & Finkelstein, F. O. A practical approach to the treatment
of depression in patients with chronic kidney disease and end-stage renal disease.
Kidney Int. 81, 247-255 (2012).

Eckardt, K.-U. et al. Trends and perspectives for improving quality of chronic kidney
disease care: conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO)
controversies conference. Kidney Int. 104, 888-903 (2023).

Levey, A. S. et al. Chronic kidney disease as a global public health problem: approaches
and initiatives - a position statement from Kidney Disease Improving Global Outcomes.
Kidney Int. 72, 247-259 (2007).

Kerr, M., Bray, B., Medcalf, J., O'Donoghue, D. J. & Matthews, B. Estimating the financial
cost of chronic kidney disease to the NHS in England. Nephrol. Dial. Transpl. 27, iii73-ii80
(2012).

Hirth, R. A. The organization and financing of kidney dialysis and transplant care in the
United States of America. Int. J. Health Care Financ. Econ. 7, 301-318 (2007).

Manns, B. J., Mendelssohn, D. C. & Taub, K. J. The economics of end-stage renal disease
care in Canada: incentives and impact on delivery of care. Int. J. Health Care Financ.
Econ. 7,149-169 (2007).

van der Tol, A. et al. A call for harmonization of European kidney care: dialysis
reimbursement and distribution of kidney replacement therapies. Nephrol. Dial. Transpl.
35, 979-986 (2020).

de Jong, R. W. et al. Work status and work ability of patients receiving kidney
replacement therapy: results from a European survey. Nephrol. Dial. Transpl. 37,
2022-2033 (2022).

Kirkeskov, L., Carlsen, R. K., Lund, T. & Buus, N. H. Employment of patients with

kidney failure treated with dialysis or kidney transplantation-a systematic review

and meta-analysis. BMC Nephrol. 22, 348 (2021).

Nature Reviews Nephrology | Volume 20 | September 2024 | 569-585

584


http://www.nature.com/nrneph
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/216403s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/216403s000lbl.pdf
https://doi.org/10.1056/NEJMoa2403347
https://clinicaltrials.gov/study/NCT05047263
https://clinicaltrials.gov/study/NCT05047263

Review article

203. Roberts, G. et al. Current costs of dialysis modalities: a comprehensive analysis within
the United Kingdom. Perit. Dial. Int. 42, 578-584 (2022).

204. Kidney Research UK. Kidney Disease: A UK Public Health Emergency. kidneyresearchuk.
org https://www.kidneyresearchuk.org/wp-content/uploads/2023/06/Economics-of-
Kidney-Disease-full-report_accessible.pdf (2023).

205. de Vries, E. F., Los, J., de Wit, G. A. & Hakkaart-van Roijen, L. Patient, family and
productivity costs of end-stage renal disease in the Netherlands; exposing
non-healthcare related costs. BMC Nephrol. 22, 341 (2021).

206. Mitchell, E. M. Concentration of healthcare expenditures and selected characteristics
of persons with high expenses, U.S. civilian noninstitutionalized population, 2020.
Statistical brief #546. https://www.ncbi.nlm.nih.gov/books/NBK594344/ (2023).

207. Yeung, E. et al. Current status of health systems financing and oversight for end-stage
kidney disease care: a cross-sectional global survey. BMJ Open 11, e047245 (2021).

208. van der Tol, A., Lameire, N., Morton, R. L., Van Biesen, W. & Vanholder, R. An International
analysis of dialysis services reimbursement. Clin. J. Am. Soc. Nephrol. 14, 84-93 (2019).

209. Ashuntantang, G. et al. Outcomes in adults and children with end-stage kidney disease
requiring dialysis in sub-Saharan Africa: a systematic review. Lancet Glob. Health 5,
e408-e417 (2017).

210. Bello, A. K. et al. ISN-Global Kidney Health Atlas: A Report by the International Society of
Nephrology: An Assessment of Global Kidney Health Care Status Focussing on Capacity,
Availability, Accessibility, Affordability and Outcomes of Kidney Disease, https://www.
theisn.org/wp-content/uploads/media/ISN%20Atlas_2023%20Digital.pdf (2023).

211. Bello, A. K. et al. Global Kidney Health Atlas: A Report by the International Society of
Nephrology on the Global Burden of End-stage Kidney Disease and Capacity for Kidney
Replacement Therapy and Conservative Care across World Countries and Regions,
https://www.theisn.org/wp-content/uploads/2021/05/GKHAtlas_2019_WebFlle-1.pdf
(2019).

212. Walbaum, M., Scholes, S., Rojas, R., Mindell, J. S. & Pizzo, E. Projection of the health and
economic impacts of Chronic kidney disease in the Chilean population. PLoS ONE 16,
0256680 (2021).

213. lJian, Y. et al. ARIMA model for predicting chronic kidney disease and estimating its
economic burden in China. BMC Public Health 22, 2456 (2022).

214. van Oosten, M. J. M. et al. Age-related difference in health care use and costs of patients
with chronic kidney disease and matched controls: analysis of Dutch health care claims
data. Nephrol. Dial. Transpl. 35, 2138-2146 (2020).

215. Damien, P, Lanham, H. J., Parthasarathy, M. & Shah, N. L. Assessing key cost drivers
associated with caring for chronic kidney disease patients. BMC Health Serv. Res. 16, 690
(2016).

216. Australian Institute of Health and Welfare. Chronic Kidney Disease: Australian Facts. aihw.
gov.au https://www.aihw.gov.au/reports/chronic-kidney-disease/chronic-kidney-disease/
contents/impact-of-chronic-kidney-disease/burden-of-chronic-kidney-disease# (2024).

217. Verberne, W. R. et al. Value-based evaluation of dialysis versus conservative care in older
patients with advanced chronic kidney disease: a cohort study. BMC Nephrol. 19, 205
(2016).

218. Heaf, J. et al. First-year mortality in incident dialysis patients: results of the Peridialysis
study. BMC Nephrol. 23, 229 (2022).

219. Tam-Tham, H. & Thomas, C. M. Does the evidence support conservative management
as an alternative to dialysis for older patients with advanced kidney disease? Clin. J. Am.
Soc. Nephrol. 11, 552-554 (2016).

220. Murtagh, F. E. et al. Dialysis or not? A comparative survival study of patients over 75 years
with chronic kidney disease stage 5. Nephrol. Dial. Transpl. 22, 1955-1962 (2007).

221. Verberne, W. R. et al. Comparative survival among older adults with advanced kidney
disease managed conservatively versus with dialysis. Clin. J. Am. Soc. Nephrol. 11,
633-640 (2016).

222. Murtagh, F. E. M., Burns, A., Moranne, O., Morton, R. L. & Naicker, S. Supportive care:
comprehensive conservative care in end-stage kidney disease. Clin. J. Am. Soc. Nephrol.
11,1909-1914 (2016).

223. Murphy, E., Burns, A., Murtagh, F. E. M., Rooshenas, L. & Caskey, F. J. The prepare for
kidney care study: prepare for renal dialysis versus responsive management in advanced
chronic kidney disease. Nephrol. Dial. Transpl. 36, 975-982 (2021).

224. de Rooij, E. N. M. et al. Symptom burden before and after dialysis initiation in older
patients. Clin. J. Am. Soc. Nephrol. 17,1719-1729 (2022).

Acknowledgements

A.O!s research is supported by Comunidad de Madrid en Biomedicina P2022/BMD-7223,
CIFRA_COR-CM. Instituto de Salud Carlos Il (ISCIII) FIS/Fondos FEDER (PI22/00050),
ERA-PerMed-JTC2022 (SPAREKID AC22/00027), RICORS programme to RICORS2040
(RD21/0005/0001) funded by European Union - NextGenerationEU, Mecanismo para la
Recuperacion y la Resiliencia (MRR) and SPACKDc PMP21/00109, FEDER funds, COST Action
PERMEDIK CA21165, supported by COST (European Cooperation in Science and Technology);
PREVENTCKD Consortium project ID: 101101220 programme: EU4H DG/Agency: HADEA.
KitNewCare, project ID: 101137054, Call: HORIZON-HLTH-2023-CARE-04, programme:
HORIZON. DG/Agency: HADEA.

Author contributions
All authors contributed equally to this article.

Competing interests

A.O. has received grants from Sanofi and consultancy or speaker fees or travel support from
Adviccene, Alexion, Astellas, Astrazeneca, Amicus, Amgen, Boehringer Ingelheim, Fresenius
Medical Care, GSK, Bayer, Sanofi-Genzyme, Menarini, Mundipharma, Kyowa Kirin, Lilly,
Freeline, Idorsia, Chiesi, Otsuka, Novo-Nordisk, Sysmex and Vifor Fresenius Medical Care
Renal Pharma and Spafarma. He is Director of the Catedra UAM-AstraZeneca of chronic kidney
disease and electrolytes and he has stock in Telara Farma.

Additional information
Supplementary information The online version contains supplementary material available at
https://doi.org/10.1038/s41581-024-00863-9.

Peer review information Nature Reviews Nephrology thanks Aminu Bello, who co-reviewed
with Somkanya Tungsanga, and the other, anonymous, reviewer(s) for their contribution to the
peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this
article under a publishing agreement with the author(s) or other rightsholder(s); author self-
archiving of the accepted manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

© Springer Nature Limited 2024

Nature Reviews Nephrology | Volume 20 | September 2024 | 569-585

585


http://www.nature.com/nrneph
https://www.kidneyresearchuk.org/wp-content/uploads/2023/06/Economics-of-Kidney-Disease-full-report_accessible.pdf
https://www.kidneyresearchuk.org/wp-content/uploads/2023/06/Economics-of-Kidney-Disease-full-report_accessible.pdf
https://www.ncbi.nlm.nih.gov/books/NBK594344/
https://www.theisn.org/wp-content/uploads/media/ISN%20Atlas_2023%20Digital.pdf
https://www.theisn.org/wp-content/uploads/media/ISN%20Atlas_2023%20Digital.pdf
https://www.theisn.org/wp-content/uploads/2021/05/GKHAtlas_2019_WebFIle-1.pdf
https://www.aihw.gov.au/reports/chronic-kidney-disease/chronic-kidney-disease/contents/impact-of-chronic-kidney-disease/burden-of-chronic-kidney-disease#
https://www.aihw.gov.au/reports/chronic-kidney-disease/chronic-kidney-disease/contents/impact-of-chronic-kidney-disease/burden-of-chronic-kidney-disease#
https://doi.org/10.1038/s41581-024-00863-9

	The impact of population ageing on the burden of chronic kidney disease

	Introduction

	The global burden of CKD

	CKD prevalence

	CKD mortality

	CKD disability-adjusted life-years

	Kidney failure


	Diagnosis of CKD in older patients

	CKD risk factors

	Ageing

	Diabetes mellitus

	Hypertension

	Obesity

	Cardiovascular diseases

	Acute kidney injury


	Slowing the increase in CKD prevalence

	Causes of CKD in older people

	Delaying kidney ageing

	Lifestyle interventions

	Management of CKD risk factors

	Early diagnosis of CKD

	Slowing CKD progression

	Competing risks


	CKD complications in older patients

	The financial burden of CKD

	Conclusions and recommendations

	Acknowledgements

	Fig. 1 Historical and projected ageing of the populations of world regions from 1990 to 2050.
	Fig. 2 The historical and projected crude prevalence of CKD in world regions in 1990, 2016 and 2050.
	Fig. 3 The rate of population ageing correlates with the increase in CKD prevalence between 1990 and 2016.
	Fig. 4 The epidemiology of KRT in the USA, 2010–2019.
	Fig. 5 The age-standardized prevalence of CKD in 2016 by aetiology and region.
	Fig. 6 Causes of incident CKD in older patients starting kidney replacement therapy in European countries in 2010–2013.
	Fig. 7 Effect of SGLT2 inhibitors on chronic eGFR slopes and time to need for KRT.




