
787

© Springer Nature Switzerland AG 2022
M. Harber (ed.), Primer on Nephrology, https://doi.org/10.1007/978-3-030-76419-7_45

Ageing and the Kidneys
Stephanie M. Y. Chong, Rachel K. Y. Hung, and William White

Contents

45.1	 �Introduction – 788

45.2	 �Ageing and Chronic Kidney Disease (CKD) – 788

45.3	 �Ageing and the Management of Chronic Kidney Disease 
(CKD) – 789

45.4	 �End-Stage Renal Failure (ESRF) and Renal Replacement Ther-
apy Decisions in the Elderly – 790

45.5	 �Ageing and Transplantation – 792
45.5.1	 �Patient and Allograft Outcomes – 792
45.5.2	 �Rejection – 793
45.5.3	 �Comorbidities and Frailty in the Older KTR – 793
45.5.4	 �Immunosuppressive Therapy – 793

45.6	 �Individualisation of Treatment and Palliati ve Care – 794

�References – 796

45

https://doi.org/10.1007/978-3-030-76419-7_45#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-76419-7_45&domain=pdf


788

45

nn Learning Objectives
	1.	 To understand the challenges posed by the ageing 

CKD population
	2.	 To appreciate that physiological and psychosocial 

differences impact on the management of older 
patients with kidney disease, necessitating an indi-
vidualised approach to their management

	3.	 To recognise that frailty is often the greatest predic-
tor of patient outcome in the elderly rather than 
the modality or adequacy of renal replacement 
therapy

45.1  �Introduction

The World Health Organization (WHO) estimates that 
by 2050 the proportion of the world’s population over 
the age of 60 will have nearly doubled from that in 2015, 
from 12% to 22%. In the UK the number of people over 
60 is expected to reach 18.5 million by 2025. This will 
result in an increasingly polymorbid population (75% of 
75-year-olds in the UK have more than one long-term 
condition [1], 30% with CKD; .  Fig. 45.1) and expo-
nential rises in healthcare usage.

45.2  �Ageing and Chronic Kidney Disease 
(CKD)

Ageing is associated with senescence of tissues. In the 
kidneys this results in an approximately 50% reduction 
in functional nephron mass by the age of 70 when com-
pared to 29–30-year-olds (.  Fig. 45.2), with a parallel 
decline in glomerular filtration rate (GFR). The struc-

tural changes seen in ageing are evident from studies of 
tissue from living donor kidneys, which demonstrate 
typical features such as tubular atrophy, glomeruloscle-
rosis, interstitial fibrosis and athero- and arteriosclerosis 
(.  Figs.  45.3 and 45.4). When added to the accrued 
damage from diseases, such as diabetes and hyperten-
sion, these result in an increased risk of CKD. There is 
also an increased predisposition to acute kidney injury 
due to toxicity from renally excreted drugs and isch-
aemic insults.

The relationship between increasing age and preva-
lence of CKD is based on an estimated GFR (eGFR) 
cut-off of 60 ml/min/1.73 m2, as defined by the Kidney 
Disease Improving Global Outcomes (KDIGO) guide-
lines. This does not acknowledge the decline in kidney 
function with physiological ageing. In the original studies 
of age-related GFR changes in healthy subjects, a sequen-
tial reduction in GFR from 122.8 ± 16.4 ml/min/1.73 m2 
to 65.3 ± 20.4 ml/min/1.73 m2 was found in patients in 
their 20s and 80s, respectively [5]. In a series of over 1000 
healthy American kidney donors, GFR declined by 8 ml/
decade after the age of 45 [6]. GFR is typically estimated 
using the MDRD and CKD-EPI equations, both of 
which were formulated using a study population under 
the age of 70. Additionally, they assume unvarying mus-
cle mass, despite body composition changing with age.

It is likely that we have neither a reliable nor vali-
dated method of estimating GFR in the older popula-
tion and that our standard cut-offs for CKD should be 
age adjusted. That said, the KDIGO eGFR cut-off  was 
determined by a large meta-analysis looking at mortal-
ity, cardiovascular risk, risk of end-stage renal disease 
and progressive CKD, and a subgroup analysis of 
>65-year-olds included in the study showed similar 
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increases in risk in all the aforementioned categories at 
an eGFR less than 60 ml/min/1.73 m2.

45.3  �Ageing and the Management 
of Chronic Kidney Disease (CKD)

The management of CKD has evolved over the last 
decade to focus on targets for the management of com-
plications, such as anaemia and mineral bone disease, 
and with planning and preparing for dialysis or trans-
plantation in its later stages. There is also increasing 

emphasis on reducing cardiovascular risk by controlling 
hypertension, diabetes and hyperlipidaemia. These ther-
apeutic targets are generally derived from clinical trials 
that exclude older patients (and thus lack a solid evi-
dence base to support their implementation in this pop-
ulation) and have end points that are not as relevant (or 
even detrimental) to their care. For example, major 
CKD trials, such as AASK [7] and REIN2 [8], included 
patients only up to the age of 70, with a mean age of 
54 years old.

Older patients are often polymorbid and may suffer 
from one or more of the ‘geriatric syndromes’, making 
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application of standardised care challenging. In addi-
tion, many of these syndromes occur more commonly 
and severely in the context of CKD and frequently coex-
ist. These include cognitive impairment and delirium, 
falls, polypharmacy, depression, immobility and frailty. 
Frailty (a phenotype partly defined by weight loss, mus-
cle weakness and fatigue) is especially associated with 
adverse outcomes in geriatric populations [9].

Several factors should be considered when applying 
standardised treatment targets to elderly patients, one 
being the potential harmful impact of interventions: for 
example, aggressive blood pressure control can lead to 
postural hypotension and falls. Treatment priorities are 
often different in the ageing population: these may 
include maintaining mobility and independence, allevi-
ating symptoms and suffering and maintaining social 
relationships. Furthermore, whilst hospital admission to 
expedite investigations and instigate aggressive treat-
ment may improve outcomes for a younger patient, 
elderly patients will decondition rapidly and have higher 
risks of delirium and hospital-acquired infections, lead-
ing to prolonged hospital stays, pressure sores, low 
mood and reduced functional status at discharge 
(.  Table 45.1).

45.4  �End-Stage Renal Failure (ESRF) 
and Renal Replacement Therapy 
Decisions in the Elderly

Starting dialysis therapy in later life does not carry the 
same mortality benefit seen in younger patients 
(.  Fig. 45.5). However, within each age cohort, there is 
a wide degree of variation in life expectancy, with no 
validated method of predicting good outcomes on dialy-
sis (although high frailty scores and low BMI have been 
associated with increased mortality in elderly dialysis 
patients [16]). Choices regarding dialysis become 
increasingly difficult in the context of mild to moderate 
cognitive impairment, when judgements about ‘quality 
of life’ come into question, and complex family and eth-
ical issues need to be considered.

Whilst there appears to be a modest survival benefit 
with dialysis (.  Fig.  45.6), there are many potential 
drawbacks, including the tolerability of treatments, 
increased hospital attendance and admissions and an 
increased likelihood of dying in hospital. Some studies 
have suggested an increase in symptom burden upon 
starting dialysis, with a stepwise decline in functional 
ability with each hospital admission.

a b

.      . Fig. 45.4  Renal histology showing normal kidney histology in a 
young a and old b patient using haematoxylin and eosin staining. Note 
the thickening of the vessel wall, sclerosed glomerulus and flattening 

of the tubules in b. (Images courtesy of the Royal Free Hospital Lon-
don, Histopathology Department)
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.      . Table 45.1  Challenges of  managing CKD in an ageing population

Treatment focus Considerations Risks

Hypertension, salt and 
water management

Frequent presentation with isolated systolic hyperten-
sion (ISH) with preserved or low diastolic BP due to 
increased vascular stiffness; it is clear that ISH carries 
similar CV risks [1]; however, reducing diastolic BP will 
reduce cardiac perfusion and lead to increased CV 
events when lowered excessively (i.e. <60 mmHg)
Good RCT evidence of benefit in terms of mortality, 
CV outcomes and CKD progression on patients >80 
[10]. However, other studies suggest BP control in this 
group may in fact cause harm [11]
Immobility may affect ability to monitor change in 
weight and may mask fluid accumulation

Treatment may increase falls due to postural 
hypotension or increase fatigue and confusion
Predisposition ischaemic renal injuries, due to 
age-related vasculopathy, leading to acute 
kidney injury (AKI) and hyperkalaemia with 
Renin-Angiotension system (RAS) blockade

Diabetes control Visual impairment, loss of dexterity and memory loss 
may hinder ability to monitor blood sugar levels

Under-recognition or awareness of hypoglycae-
mia

Often poor eating habits which may make insulin dose 
prediction difficult

Increased frequency of hospitalisation

Cardiovascular risk 
management

RAS blockade
Pre-existing vascular changes in ageing will predispose 
to ischaemia from RAS inhibitor-induced reduction in 
glomerular blood flow

As above

Beta blockers
No study has demonstrated clear benefit of beta 
blockade in hypertension treatment in the elderly, 
although does have benefit in heart failure or cardiac 
ischaemia

Treatment may increase falls due to postural 
hypotension

Aspirin therapy
Mortality benefit seen in a large trial but was associated 
with a twofold higher risk of non-fatal major bleeding 
complications [12]

Increased risk of bleeding, particularly upper 
gastrointestinal bleeds

Anticoagulation
Large trials of older individuals demonstrate superiority 
of novel oral anti-coagulant drugs (NOACs) to warfarin 
[13–15] in reducing cerebrovascular events and also 
reducing need for hospital attendance for monitoring; 
however, most studies excluded patients with an eGFR 
<25
Poor mobility may result in infrequently attendance for 
international normalised ratio (INR) monitoring
Polypharmacy may result in altered efficacy of the 
anticoagulants
Older individuals are prone to falls and head injuries

Increased risk of bleeding, particularly upper 
gastrointestinal bleeds and catastrophic 
intracranial bleeds. In this group, this can 
frequently lead to prolonged hospital stays, 
significant morbidity and irreversible loss of 
function

CKD mineral bone 
disease

May have swallowing difficulties or poor appetite, 
affecting compliance with phosphate binders
May be housebound and therefore likely to have lower 
levels of vitamin D

May worsen bowel symptoms such as constipa-
tion

Whilst it is suggested that most elderly patients 
would choose quality of life over longevity, it is not clear 
what strategy is best to achieve this goal. Further trials 
are needed to ascertain the right treatment options in 

this group, including better assessment tools to predict 
outcomes on dialysis, such as frailty scores, which will 
help guide clinicians, patients and families in decision-
making. One such strategy may be to incorporate the 
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comprehensive geriatric assessment (GCA) into the pro-
cess. The GCA is a validated tool, which has been ben-
eficial in the assessment of elderly surgical candidates 
and may be a useful adjunct when making these deci-
sions. There has also been increasing use of augmented 
dialysis strategies, such as reduced frequency dialysis, 
which has been shown to improve quality of life for 
patients rather than regimes with aim to achieve the 
standard targets of dialysis adequacy (.  Table 45.2).

45.5  �Ageing and Transplantation

45.5.1	 �Patient and Allograft Outcomes

There is an overall increased survival in older patients 
after kidney transplantation compared to those who 
remain on dialysis [19]. However, special considerations 
should be made when considering transplantation in an 
older individual (.  Fig.  45.7). As older recipients are 
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more likely to die with a functioning graft, some argued 
that older donor kidneys or extended criteria donor 
(ECD) kidneys should be preferentially offered to older 
recipients. In Europe, the Eurotransplant Senior 
Program (ESP) initiative is aimed at reducing waiting 
times for older patients. Kidneys from donors >65 years 
of age are allocated to recipients >65 years of age within 
a small geographical area to minimise cold ischaemic 
time. The 15-year outcome from this showed that despite 
a higher complication rate (mainly due to atherosclerotic 
vascular disease of the recipient and donor), the patient 
and allograft survival are comparable with younger 
patients. However, both the patient and allograft sur-
vival in older kidney transplant recipients (KTRs) who 
received ECD kidneys are worse when compared to 
those who received standard criteria donors (SCD) or 
living donor kidneys, even when adjusted for other 
donor and recipient factors and pre-transplant dialysis 
vintage. Renal function at 1  year is similarly worse in 
older KTRs, who had received an ECD kidney, as com-
pared to a SCD or living donor kidney [20, 21]. Overall, 
SCD and living donor transplantation is preferred for 
older patients, but ECD transplantation should be 
offered to those without a living donor who otherwise 
will have a very long wait for a SCD kidney.

45.5.2	 �Rejection

Acute rejection rates are overall lower in older transplant 
recipients, likely due to decreased immunocompetence. 
However, preventing acute rejection is critical in older 
KTRs as rejection can have a greater impact on long-term 
graft survival in the older compared to younger recipients.

45.5.3	 �Comorbidities and Frailty 
in the Older KTR

Frailty increases risks of adverse post-operative out-
comes and is a predictor of prolonged hospital stays and 
early hospital readmission. It has also been identified to 
be the best predictor of 30-day post-operative complica-
tions independent of age and is an independent risk fac-
tor for mortality.

45.5.4	 �Immunosuppressive Therapy

The innate and adaptive immune systems change with age, 
as do the pharmacokinetics and pharmacodynamics of 
immunosuppressive drugs. Older KTRs have been found to 

.      . Table 45.2  Pros and cons of  RRT modalities in the elderly

Haemodialysis Peritoneal dialysis Transplant Conservative care

Pros Improved solute clearance 
and ultrafiltration
Readily available
No training required for 
patient/carer
Short treatment time

Retained independence
Assisted service available
Minimal haemodynamic 
compromise
More physiological
Treatment often tailored 
to suit lifestyle

Improved quality of life
May allow return to social 
activities, travel and work
Reduced dietary and fluid 
restrictions

Better focus on symptom 
management
Least invasive to lifestyle
Few hospital visits
Improved recognition of 
dying and advanced care 
planning

Cons Requires frequent hospital 
attendance
Need for vascular access
Increased infection risk 
from indwelling vascular 
catheters
Rapid fluid and electrolyte 
shifts
Requires systemic antico-
agulation
Dietary and fluid restric-
tions

Noisy machines/
disturbed sleep
Risk of peritonitis
Long duration of 
treatment
Poor solute clearance and 
unreliable ultrafiltration
Catheter dysfunction
Change to physical 
appearance
Requires space for 
storage of PD fluid
Dietary and fluid 
restrictions

Increased perioperative risks due 
to comorbidities
Increased mortality in initial 
post-operative period
Exposure to immunosuppression 
and increased infection/malig-
nancy risk
Frequent hospital visits
Risk of perioperative complica-
tions

No life expectancy benefit

Ageing and the Kidneys
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require significantly lower doses of cyclosporine to achieve 
similar plasma drug concentrations than young recipients 
[22]. High calcineurin inhibitor (CNI) peak levels have 
nephrotoxic potential that can hasten graft failure espe-
cially in ECD kidneys. Age-related reduction in hepatic and 
renal clearance is compounded by factors, such as frailty, 
comorbidity and polypharmacy, resulting in drug interac-
tions and changes in availability and distribution. For 
instance, mycophenolate mofetil (MMF) clearance 
decreases with falling renal function, albumin levels and 
haemoglobin – all of which are affected in older transplant 
recipients. MMF usage is also associated with a higher inci-
dence of opportunistic infections (viral, fungal and myco-
bacterial) [23] in the elderly. The clinical implication of 

immunosuppressive therapy in older KTRs is clearly sig-
nificant, but few studies have looked into the impact of 
these drugs in this age group. Ideally, age-specific immuno-
suppressive protocols should be developed to optimise both 
the patient and graft survival and reduce overall morbidity.

45.6   �Individualisation of Treatment 
and Palliati ve Care

Older patients benefit from an individualised and multi-
disciplinary approach to care. The treatment priorities 
of an older patient often centre around social needs and 
quality of life rather than the standard outcomes of 

.      . Fig. 45.7  Comorbidities in the older kidney transplant recipient
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mortality and disease progression that is often used to 
guide treatment. Some centres in the USA, such as 
Mount Sinai in New York, have pioneered a multidisci-
plinary geriatric renal service for patients over the age of 
60 with geriatric syndromes, which focuses on both dial-
ysis and non-dialysis therapies and addresses many of 
the geriatric syndromes and symptom management. 
Their main focus is on improving quality of life, main-
taining independence and avoiding hospital attendances.

The National Service Framework for Renal Services 
calls for renal patients to have a timely evaluation of 

their prognosis and information about the choices avail-
able to them. High-quality palliative care should be 
accessible at all stages of patient care, and systems in 
place to recognise patients who are struggling or declin-
ing on dialysis, and for providing opportunities to dis-
cuss withdrawal. Anticipatory prescribing for symptom 
control should be adapted to take renal function into 
account and an end of life care plan built around an 
individual’s needs and wishes should be made accessible 
to everyone involved in their care, including family 
members (see Palliative Care chapter).

�Case Study

�Case 1

A 76-year-old man is referred to the low clearance clinic 
with a stable eGFR of  30 ml/min/1.73 m2. He has a his-
tory of  type 2 diabetes, symptomatic heart failure, atrial 
fibrillation and hypertension with a resting BP of  170/80 
and his HbA1c is 7.4%. He lives at home with his wife 
and manages his activities of  daily living independently. 
He is currently taking metformin, ramipril, bisoprolol, 
atorvastatin and sodium bicarbonate tablets. This man 
has advancing CKD with isolated systolic hypertension 
and is at high risk of  stroke (as per his CHADS-VASC 
score of  5). His ramipril dose should be up-titrated to 
achieve a systolic BP of  <140 mmHg but to avoid a DBP 
of  <60, which was associated with increased risk of  car-
diovascular event in the SHEP study [24]. He should be 
offered anticoagulation with a novel oral anti-coagulant 
(NOAC), but other factors, such as fall risk, should be 
considered. He should then be monitored closely for 
deterioration in renal function, at which time metformin 
and NOAC treatment should be reviewed as there is lim-
ited data available on anticoagulation in advanced renal 
failure. He should not be offered aspirin therapy as there 
is increasing evidence that there is no benefit in primary 
prevention and excessive bleeding risks have been dem-
onstrated with concurrent anticoagulant use. His diabe-
tes control should not be intensified as this has been 
associated in increased mortality risk in the ACCORD 

trial [25]. He should be given advice on lifestyle modifi-
cation including salt restriction, diet and exercise.

�Case 2

A 69-year-old patient who received a kidney transplant 
3 years ago presents to clinic feeling generally unwell. His 
blood tests come back showing a Hb of 98 g/dl, a creati-
nine of 180mcmol/l from a baseline of 150mcmol/l and a 
Cytomegalovirus (CMV) titre of 10,000 copies/ml. He has 
a history of diabetes with diabetic nephropathy leading to 
ESRF, hypertension and gout and continues to smoke ten 
cigarettes a day. His maintenance immunosuppression 
includes tacrolimus (with levels of 6–8) and mycophenolate 
mofetil 500 mg twice daily, and he never suffered from graft 
rejection before. This patient has CMV viraemia that war-
rants urgent treatment with antivirals. The rise in his cre-
atinine is likely secondary to the viraemia, but in the 
context of a raised CNI level, CNI toxicity should also be 
considered if  that was a true trough level. Given his advanc-
ing age and likely immunosenescence, his risk of rejection 
is low. Therefore, using conventional immunosuppression 
targets will put him at elevated risk of infections unneces-
sarily. CMV infection is associated with a significantly 
increased relative risk of cardiovascular (CVS) disease in 
older KTRs, and this patient’s CVS risk factors, such as 
diabetes and hypertension, should be well-controlled. He 
should also be provided support to stop smoking.

Ageing and the Kidneys
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Tips and Tricks

	1.	 Consider how therapeutic interventions might 
confer no benefit to, and even adversely affect, 
elderly patients.

	2.	 Always assess fall risk, including a postural BP 
measurement, before up-titrating BP medications, 
and avoid intensive blood pressure control in very 
frail patients, especially if  non-ambulant and par-
ticularly if  the pretreatment diastolic BP is low.

	3.	 The use of  frailty scores and taking into consider-
ation BMI and comprehensive geriatric assess-
ment can be a useful tool in guiding decisions 
regarding renal replacement therapy.

	4.	 Changes in the ageing immune system, pharmaco-
kinetics and pharmacodynamics of  immunosup-
pressive drugs used necessitates careful 
consideration when prescribing immunosuppres-
sion for older recipients.

	5.	 A comprehensive evaluation of  prospective older 
transplant recipients should include not only pre-
morbid conditions but also baseline cognition and 
physical function.

	6.	 Consider additional treatment goals such as inde-
pendence and quality of  life when managing 
elderly patients.

?? Chapter Review Questions
	1.	 Should ACE/ARB inhibitors be used as first-line 

antihypertensive therapy for patients with 
diabetes-related CKD in the elderly?

	2.	 What is the best anticoagulant to use for stroke pre-
vention in atrial fibrillation (AF) for older patients 
with CKD?

	3.	 Which type of  donor kidney is preferred for older 
recipients?

	4.	 What is the major cause of  graft loss in older 
KTRs?

vv Answers
	1.	 Not necessarily: The European Society of 

Hypertension and the American Heart 
Association both advise that it is the degree of  BP 
control rather than the agent that had the greatest 
effect on improving outcomes. In the ALLHAT 
trial, lisinopril was less effective than chlorthali-
done at improving cardiovascular end points. 
Although trials including IDNT and RENAAL 
both suggested renoprotective benefits of  RAS 
blockade in type 2 diabetes, it is clear that elderly 
patients are at higher risk of  AKI episodes, elec-
trolyte disturbance and orthostatic hypotension, 
which should all be considered before commenc-

ing RAS blockade. However, all the major heart 
failure trials included large numbers of  older 
patients and suggested that they would have the 
same benefit as a younger cohort, which may on 
balance mean that ACE/ARB therapy would be 
preferred where possible.

	2.	 Evidence supports the use of  NOACs rather than 
warfarin. Apixaban is the favoured choice due to 
the lowest proportion of  renal clearance (27%)46 
and superiority to warfarin in stroke/VTE preven-
tion seen in the ARISTOTLE trial and, more 
importantly, reduced risk of  major bleeding (HR 
0.5).29

	3.	 The best patient and graft survival outcomes in 
older KTRs are in those who receive living donor 
kidneys. However, older patients who receive 
ECD kidneys still have better outcomes than 
those who remain on dialysis.

	4.	 The major cause of  graft loss in older KTRs is 
patient death with a functioning allograft. CVS 
disease and infection remain the predominant 
cause of  death in older KTRs. A majority of 
infections occur in the first 6 months post trans-
plantation.
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