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Chronic kidney disease (CKD) is a growing, global 
public health priority that is associated with markedly 
high morbidity, mortality and excess health-care costs1–4.  
In 2017, a total of 850 million people were estimated to  
be living with CKD, which was twice the estimated pre
valence of diabetes worldwide and over 20 times the 
estimated global prevalence of HIV or AIDS5. Although 
global age-standardized mortality for most other forms 
of chronic disease (such as cardiovascular disease (CVD) 
and cancer) has decreased over the past few decades, 
CKD is the third fastest growing cause of death globally 
and is projected to become the fifth commonest cause 
of years of life lost by 2040 (refs6,7).

As CKD progresses from its early stages to kidney fail-
ure (defined as an estimated glomerular filtration rate 
(eGFR) <15 ml/min/1.73 m2 or treatment by dialysis8,9), 
morbidity, mortality and health-care costs rise rapidly 
and life expectancy is dramatically reduced unless kid-
ney replacement therapy (KRT) is initiated10. In 2017, 
estimates indicated that 3.9 million persons with kid-
ney failure were treated with KRT globally5; notably, 
an approximately equivalent number of patients with 
kidney failure did not receive KRT11. Haemodialysis 
(HD) is the commonest form of KRT in the world, 
accounting for approximately 69% of all KRT and 89% 
of all dialysis10,12,13. According to a 2018 cross-sectional 
survey of clinicians, policy makers and patient repre-
sentatives in 182 countries, the median country-specific 

use of HD was 298.4 per million population (pmp) 
but varied over 7,000-fold between countries, ranging 
from 0.3 pmp in the Democratic Republic of Congo to 
2,148 pmp in Japan, owing to variable HD availability 
and access14.

Reported outcomes for patients treated with HD are 
similarly variable around the world, although morbidity 
and mortality rates are high overall15,16. Achieving better 
HD outcomes through continuous quality improvement 
is constrained by the limited monitoring and reporting 
of quality outcomes, the use of variable outcome defini-
tions that prevent benchmarking and data comparison, 
the lack of a framework for minimum and optimal safety 
and quality standards for HD, and variable practices and 
gaps in kidney failure care (including shortfalls in the 
health workforce, access to medicines, dialysis service 
delivery, health information systems, financing, and 
leadership or governance)13,14,17–21.

In this Review, we describe the contemporary epi-
demiology of centre-based HD outcomes, including 
clinical, patient-reported, and surrogate outcomes. 
We highlight the need to identify and standardize HD 
outcomes that are important to patients and clinicians, 
and the variability reported in a large number of clin-
ical, patient-reported and surrogate outcomes across 
populations and world regions. Further, we examine 
the HD outcomes observed in vulnerable populations 
(including female patients, older individuals, children, 
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and Indigenous peoples), and the current status of 
monitoring and reporting of HD outcomes across the 
globe. We also discuss potential mechanisms and 
strategies for improvement of various HD outcomes.

Identification and standardization of HD outcomes
A major limitation to clinical research and quality report-
ing of outcomes in patients treated with HD has been a 
lack of use of standardized HD outcomes that are rele-
vant to patients and their caregivers. In the past 4 years, 
considerable efforts have been made to identify key out-
comes that are important to patients and should therefore 
be prioritized for monitoring, reporting and interven-
tion in HD22. Using a two-phase, sequential exploratory 
mixed methods study design with focus groups and an 
online survey, the Kidney Health Initiative identified 
three physical symptoms (insomnia, fatigue and cramp-
ing) and three mood symptoms (anxiety, depression 
and frustration) in patients receiving HD that should 
be prioritized23. Moreover, the Standardized Outcomes 
in Nephrology in HD (SONG-HD) initiative conducted 
a five-phase mixed methods process including a Delphi 
survey involving 1,181 participants (220 patients and  
caregivers, and 979 health professionals) from 73 coun-
tries to identify four core outcome domains (fatigue, 
CVD, vascular access and mortality) that should be 
reported in all clinical trials in patients receiving HD22,24–29 
(Fig. 1). Work is currently underway to develop validated 
core outcome measures for each of these domains26,27. 
Although this research effort is clearly focused on  
HD clinical trials, the findings have clear implications 
for clinical and patient-reported outcomes that should  
be monitored and reported in HD clinical practice.

Clinical HD outcomes across the globe
Clinical HD outcomes include key hard outcomes expe-
rienced by patients on HD during the trajectory of their 
treatment life course. Below we discuss patient mortality, 

CVD burden, vascular access-related events, infections, 
hospitalization and cognitive impairment.

Mortality. Patients receiving HD have significantly 
higher mortality than their counterparts from the gen-
eral population matched for age and sex (Fig. 2), and the 
mortality for treated kidney failure is higher than that 
of many types of cancer30. Several studies comparing 
HD and peritoneal dialysis (PD) reported survival ben-
efits for HD31–33, but large-scale observational studies 
showed no significant difference between the two dial-
ysis modalities. PD might be associated with a survival 
advantage in the first few years31. In the last 20 years, only 
two randomized controlled trials (RCTs) have compared 
HD and PD mortality outcomes. The China Q study 
(n = 668) is expected to complete by 2022, although pre-
liminary findings have been reported34. The other RCT 
(NECOSAD study) was reported in 2003 and had a small 
cohort of 38 patients with a mean follow-up of 2.23 years. 
Researchers found a survival advantage in favour of PD 
compared with HD35, but the study was limited owing to 
poor generalizability, a highly selected trial population 
and premature termination due to recruitment difficulty. 
A combined analysis of both trials31 found that the rela-
tive risk of death on PD versus HD was 0.61 (95% con-
fidence interval (CI) 0.36–1.06); this risk difference was 
not significant but suggests that PD might have mortality 
benefits compared with HD. Given the lack of a substan-
tial difference in survival outcome between HD and PD, 
a patient-centred approach is recommended when select-
ing a dialysis modality, although local circumstances and 
availability must also be taken into account36.

Mortality is highest within the first 90 days after HD 
initiation. Using Dialysis Outcomes and Practice Patterns 
Study (DOPPS) data, a retrospective cohort study of 
4,802 incident dialysis patients treated with HD in the 
USA showed an increased risk of death during the first 
120 days compared with 121–365 days after initiation of 
HD, particularly in those who had received kidney care 
from a nephrologist for less than 1 month prior to DOPPS 
enrolment37. Another DOPPS analysis of the mortality 
patterns in 86,886 patients in 11 countries (Australia, 
New Zealand, Belgium, Canada, France, Germany, Italy, 
Japan, Sweden, UK and USA) found that crude mortality 
(deaths per 100 patient-years) were 26.7 (range 17.0–33.5) 
in the early period (<120 days), 16.9 (range 5.3–21.8) in 
the intermediate period (121–365 days) and 13.7 (range 
5.2–19.9) in the late period (>365 days)38. Thus, attempts 
to improve HD mortality outcomes should focus on the 
first few months of dialysis38.

Although the overall mortality in incident HD patients 
has been progressively improving in high-income coun-
tries (HICs)39,40, less is known about lower-middle-income 
countries (LMICs), where mortality data are much less 
likely to be recorded or reported41. Crude 1-year mortal-
ity among prevalent HD patients has been reported to 
be 6.6% in Japan42, 15.6% in Europe42 and 21.7% in the 
USA42, whereas 1-year survival was 90% in Australia40, 
89% in New Zealand40, 65% in Iran43, 95% in Morocco44, 
90.4% in South Africa45 and ~38% in Peru46.

Efforts to improve HD mortality initially focused 
on dialysis adequacy47,48, although the HD (HEMO) 

Key points

•	Nearly 4 million people in the world are living on kidney replacement therapy (KRT), 
and haemodialysis (HD) remains the commonest form of KRT, accounting for 
approximately 69% of all KRT and 89% of all dialysis.

•	Dialysis technology and patient access to KRT have advanced substantially since the 
1960s, particularly in high-income countries. However, HD availability, accessibility, 
cost and outcomes continue to vary widely across countries, particularly among 
disadvantaged populations (including Indigenous peoples, women and people at  
the extremes of age).

•	Cardiovascular disease affects over two-thirds of people receiving HD, is the major 
cause of morbidity and accounts for almost 50% of mortality; mortality among 
patients on HD is significantly higher than that of their counterparts in the general 
population, and treated kidney failure has a higher mortality than many types of 
cancer. Patients on HD also experience high burdens of symptoms, poor quality  
of life and financial difficulties.

•	Careful monitoring of the outcomes of patients on HD is essential to develop effective 
strategies for risk reduction. Outcome measures are highly variable across regions, 
countries, centres and segments of the population. Establishing kidney registries  
that collect a variety of clinical and patient-reported outcomes using harmonized 
definitions is therefore crucial.

•	Evaluation of HD outcomes should include the impact on family and friends, and 
personal finances, and should examine inequities in disadvantaged populations,  
who comprise a large proportion of the HD population.
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RCT (n = 1,846) did not find that mortality was sig-
nificantly altered by the use of a high-dose versus a 
standard dialysis dose, or a high versus low membrane 
flux49. In patients with kidney failure, CVD remains the 
primary mortality driver and has become the focus of 
efforts to reduce mortality risk50.

Cardiovascular disease. CVD affects more than 
two-thirds of people receiving HD, is the major cause 
of morbidity and accounts for almost 50% of mortal-
ity51. CVD mortality data vary considerably across 
different regions (>50% of cases in the USA39 but only 
21% of cases in Australia and New Zealand52). The 
range of CVD affecting people receiving HD is broad 
and extends from atherosclerosis-related complications, 
such as myocardial infarction and stroke, to heart fail-
ure, and non-fatal and fatal arrhythmias. Sudden car-
diac death (SCD), defined as an unexpected death due to 
cardiac causes in a person within 1 h of symptom onset 
(witnessed) or within 24 h of the last proof of life (unwit-
nessed), is the most common cause of cardiovascular 
death in people receiving dialysis53. SCD is approxi-
mately 50% more common among people receiving 
HD than in those treated with PD54, possibly owing to 
the effect of intradialytic hypotension on cardiac per-
fusion and electrolyte flux-related arrhythmias55. The 
importance of these SCD risk factors that are unique to 
HD is supported by the observation that the incidence 
of cardiovascular death increases following long HD 
breaks (OR, 1.26; 95% CI 1.14–1.40)56. International 
data from the DOPPS showed that SCD was most 
common in the USA (33% of all deaths), followed by 
Japan (23%), Australia and New Zealand (19%) and 
Canada (18%)57.

Of note, the degree of variation in CVD amongst 
people receiving HD across the globe remains uncertain 
owing to considerable heterogeneity in measurement and 
reporting. Outcomes related to CVD are often restricted 
to data obtained from HICs with a robust health infor-
mation infrastructure (for example, the USA). In a global 
survey of kidney failure care, death was not monitored 
at all in 12 countries (8%), which were predominantly 
low-income countries (LICs; n = 3) and LMICs (n = 7)14. 
Definitions of CVD are also markedly heterogeneous.

The disproportionately high incidence of CVD 
among patients with kidney failure is thought to be 
driven by an abundance of both traditional (for exam-
ple, hypertension or diabetes) and non-traditional risk 
factors (for example, electrolyte imbalances or cardiac 
hypertrophy)58. Interventions that target traditional risk 
factors such as blood pressure have not been shown to 
be effective and no ‘optimal’ targets exist59,60 to inform 
clinical decisions because people receiving HD are often 
excluded from clinical trials61–63. Similarly, effective treat-
ments that target non-traditional risk factors (for exam-
ple, uraemic toxin reduction) in people treated with HD 
are currently lacking.

In recognition of its prevalence, life-threatening 
consequences and lack of available effective interven-
tions, CVD was identified as a core outcome by the 
SONG-HD initiative22,27 (Fig. 1). A systematic review 
of 175 trials reporting CVD in patients receiving HD 
identified a large heterogeneity in reporting with >230 
measures used for 26 CVD outcomes including myocar-
dial infarction, stroke and cardiac arrest27. A subsequent 
consensus workshop identified myocardial infarction 
and SCD as core outcome measures to capture CVD in 
all trials involving people receiving HD27. Comparison 
and benchmarking of accurate CVD data in both clin-
ical trials and quality registries using harmonized defi-
nitions will help to better inform clinicians and patients 
regarding CVD burden and strategies to mitigate it.

Vascular access-related outcomes. Vascular access- 
related complications and interventions account for 
almost one-third of hospital admissions among patients 
receiving HD, which creates an enormous burden 
for patients, caregivers64 and health-care65,66 systems. 
Compared with arteriovenous fistulas (AVF) and arterio-
venous grafts (AVG), central venous catheters (CVC) are 
typically associated with the highest risks of all-cause mor-
tality, fatal infections and CVD67. This association might 
be driven by infections caused by skin microbes that colo-
nize catheters; such infections can lead to hospitalization, 
access failure and death68. However, these results might 
also represent indication bias with residual confounding. 
For example, the National Kidney Foundation Kidney 
Disease Outcomes Quality Initiative acknowledged CVC 
as an acceptable vascular access modality in patients with 
poor prognoses69 (for example, patients with heart fail-
ure) and CVCs might therefore be a surrogate marker of 
poor outcomes70. In addition, numerous patient-level (for 
example, presence of suitable vasculature) and centre-level 
characteristics (for example, infrastructure and pro-
gramme culture regarding vascular access) can affect the 
type, location and timing of vascular access creation71.
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Fig. 1 | Hierarchy of importance of haemodialysis outcomes to patients, caregivers 
and clinicians. The Standardized Outcomes in Nephrology in Haemodialysis initiative 
has identified a hierarchy of HD outcomes according to their level of importance 
to stakeholder groups22,24–29. The outcomes in the top tier are critically important to all 
stakeholder groups, those in the middle tier are critically important to some stakeholder 
groups and those in the bottom tier are important to some or all stakeholder groups. 
Adapted with permission from Tong et al.263, Elsevier.
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Unfortunately, despite widespread recognition of 
poor outcomes and the availability of international 
guidelines to inform clinical practice72, CVC usage at HD 
commencement remains high (used in >50% of patients 
in Australia and New Zealand and in >80% of patients in  
the USA)39,40 and has improved minimally over time. 
Almost half (46%, n = 69) of countries that responded to 
the International Society of Nephrology Global Kidney 
Health Atlas survey indicated that CVCs were used in 
most of their patients starting HD14; this practice was 
prevalent across World Bank Income groups — LICs, 
34.8%; LMICs, 54.1%; upper-middle-income countries 
(UMICs), 51.4%; HICs, 40.7%.

Large variations in the type of vascular access used 
for HD can often be observed within the same country. 
A study from Australia and New Zealand that included 
27,123 patients receiving HD from 61 centres73 observed 
a 4-fold variation in AVF and AVG use at initiation of 
HD across centres. Although no specific centre-level 
characteristics were associated with higher AVG or 
AVF use, adjustment for centre-level characteristics (for 
example, centre size, transplanting status and proportion 
of patients receiving home HD versus facility-based HD)  
reduced the observed inter-centre variability of arterio
venous access use at HD initiation by 25%, which 
highlights the importance of centre practice patterns.

The locations and outcomes of AVFs are also varied. 
A prospective cohort study that used DOPPS data 
(n = 3,850 patients from 11 countries) reported that 
Japan had the highest percentage of lower arm AVF 
creation (≥93%), compared with 65–77% in Europe, 
Australia and New Zealand, and 32% in the USA74. 
Notably, the proportion of lower arm AVFs decreased 
from 70% to 32% between 1996 and 2015 (data from 

five cross-sectional studies) in the USA, possibly in 
response to the ‘Fistula First Initiative’ and the Centres 
for Medicare and Medicaid Services Quality Incentive 
Program, which promoted upper arm AVF as more 
likely to be successful than lower arm AVF75. However, 
this practice should be approached cautiously as the 
creation of upper arm AVF limits the number of sites 
available for future vascular access and is associated 
with higher incidences of steal syndrome and cardiac 
dysfunction76,77. Rates of successful AVF use (defined 
as ≥30 days of continuous use) were 87% in Japan, 
67% in Europe, Australia and New Zealand, and 64% 
in the USA. Rates for AVGs were 86%, 75% and 78%, 
respectively74.

Infection. Patients on HD are more susceptible to infec-
tion than the general population given their immuno-
compromised condition78. Access-related bloodstream 
infections (ARBSIs) are one of the most common types 
of infection in patients receiving HD79. A study that 
included 6,005 HD centres in the USA reported that the 
ARBSI rate was 0.64 per 100 patient-months (2.16 for 
CVC, 0.26 for AVF and 0.39 for AVG)79. The risk of ARBSI 
was eight-fold higher with CVC use than with AVF, 
and increased with prolonged catheter use80. In other 
parts of the world, ARBSI rates have been reported at  
0.4 per 100 patient-months in Saudi Arabia, 0.57 per 100 
patient-months in Canada81, 2.3 per 100 patient-months 
in Singapore82, 6.8 per 100 patient-months in Germany83, 
32.4 per 100 patient-months in Algeria and 34.2 per 
100 patient-months in Iran84. Common causative 
organisms for ARBSI include Staphylococcus aureus, 
coagulase-negative staphylococcus, and enterococcus79. 
Compared with other bacteria, S. aureus bacteraemia 
was associated with higher rates of disseminated infec-
tion, including septic arthritis and endocarditis, and 
required a prolonged course of antibiotics. All indwell-
ing vascular catheters are colonized by microorganisms 
within 24 h of insertion;85 these microorganisms pro-
liferate to form biofilms and can subsequently spread 
into the bloodstream86. CVC avoidance (where practical 
and feasible) is the key to preventing ARBSI in patients 
receiving HD72,86. The use of a proper sterile technique 
during catheter placement and with each HD session 
is essential, and the prophylactic use of topical antibio
tics and antimicrobial catheter locks, which have been 
shown to reduce the risk of ARBSIs (evidence strength 
was moderate to high), should be considered in patients 
with HD catheters72,86 (Box 1).

Patients on HD are also at increased risk of blood- 
borne virus infections, particularly hepatitis C virus 
(HCV)87 and hepatitis B virus (HBV). A DOPPS of 
HCV status among 76,689 HD patients across three 
continents, reported that the incidence of HCV infec-
tion was 7.5%, (5.9% in North America, 6.7% in Europe 
and 12.4% in Japan)88. Patients with HCV infection 
had high hazard ratios of all-cause mortality (1.12) and 
hospitalization (4.40)88. Seroconversion rates ranged 
from 1.1–3.6% per 100 patient-years89. Another study 
of 10 countries in the Middle-East reported that HCV 
prevalence was 25.3% amongst patients receiving 
HD90. According to kidney registry data, HCV rates for 
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Fig. 2 | Expected remaining years of life in prevalent patients on dialysis. Expected 
remaining lifetime, in years, for the 2018 prevalent kidney failure population and the 
2017 general population in the USA. The graph illustrates the markedly shortened 
projected lifespan for patients with kidney failure compared with that of individuals 
without kidney failure. In individuals aged 40–44 years, for example, the projected 
lifespan difference between men receiving dialysis (expectancy 10.9 years) and men 
in the general population (expectancy 36.5 years) is >25 years (>30 years for women). 
Unsurprisingly, the difference in expected remaining years of life decreases with 
increasing age. However, even men and women aged 80–84 years on dialysis have life 
expectancies that are 4.3 and 5.3 years shorter, respectively, than their counterparts 
who are not receiving dialysis. Graph is reprinted from United States Renal Data System39, 
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

Steal syndrome
A distal hypoperfusion 
ischaemic syndrome  
(hand ischaemia) that can 
complicate HD access 
placement; associated with 
symptoms of pain, weakness, 
pallor and, in severe cases, 
ulceration and tissue loss.
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South African and Ghanaian patients receiving HD in 
2017 were similar at 0.8%91,92. A 2021 systematic review 
and meta-analysis of HD patients in Africa (39 stud-
ies, 23,538 participants) reported that the prevalence 
of HBV and HCV infection was 9.88% and 23.04%, 
respectively93. HBV prevalence among patients treated 
with HD from the DOPPS study across North America, 
Europe and Asia was 3.3% (ranging from 0% in the UK 
to 6.6% in Italy) and the seroconversion rate was 0.7 
per 100 patient-years (ranging from 0.4 in the UK and 
USA, to 1.2 in Japan)94. HBV prevalence among patients 
treated with HD in South Africa and Ghana was 2.2% 
and 3.9%, respectively91,92. A breach in infection control 
was the main factor responsible for HCV and HBV out-
breaks in HD centres87. Routine screening for hepatitis 
infection and adherence to infection control policies are 
therefore key to preventing these infections. Moreover, 
HBV vaccination should be considered for all suscep-
tible patients receiving HD and associated health-care 
staff to reduce the risk of infection87. HD is also associ-
ated with a low risk of HIV transmission95 and adherence 
to infection control policies in HD centres is therefore 
crucial. Registry data indicated that HIV infection rates 
in South Africa and Ghana in 2017 were 10.6% and 3.8%, 
respectively91,92.

Respiratory tract infections are also common 
(13%) in patients receiving HD96. In the USA, the inci-
dence of pneumonia among patients treated with HD 
(n = 231,202) was 21.4 episodes per 100 patient-years; 
90% of affected patients required hospital admission and 
30-day mortality was 10.7%97. A large US observational 
study reported that all-cause mortality was lower in 
patients who received an influenza vaccine, either alone 
(adjusted odds ratio (AOR) 0.8) or co-administered 
with a pneumococcal vaccine (AOR 0.7), compared 
with those who were not vaccinated98. The COVID-19 

pandemic has been particularly challenging for vulner-
able patients receiving HD. A meta-analysis (15 stud-
ies, 20,671 participants) reported that the prevalence 
of COVID-19 among patients on KRT was 3.1% (95% 
CI 1.3%–5.7%) and the mortality rate was 18.1% 
(95% CI 14.1–23.3)99. Of note, these prevalence and mor-
tality rates vary according to community transmission 
rates at the time. All patients on HD should be immun
ized against influenza, pneumococcus and COVID-19  
to prevent or reduce the severity of respiratory tract 
infection and associated mortality.

Hospitalization. Patients on HD are at a higher risk of 
hospitalization than the general population100 given the 
high prevalence of specific risk factors for this outcome 
among these patients101–106 (Box 2). Within the USA, the 
incidence of overall adjusted hospitalization among 
patients receiving HD has reduced from 1.88 events 
per person-year (PPY) in 2009 to 1.63 events PPY  
in 2018, with corresponding reductions in adjusted 
lengths of stay from 11.14 to 9.54 days PPY39. The causes 
of hospitalization were reported as cardiovascular  
(0.43 events PPY), infection (0.34 events PPY), vas-
cular (0.14 events PPY) or other (0.69 events PPY)39.  
Similarly, a DOPPS of five European countries obser
ved an overall hospitalization rate of 1.08 episodes  
PPY, ranging from 0.8 in Spain to 1.58 in France107. 
CVD-related hospitalization ranged from 0.19 to 0.43 
episodes PPY, whereas access-related (non-infectious) 
hospitalization ranged from 0.17–0.41 PPY using data 
collected, May 1998 to November 2000107. A Canadian 
retrospective study of 38,369 incident dialysis patients 
(80% of patient received HD) found that all-cause 
hospitalization was higher in children (2.47 events 
PPY) than in adults (1.10–1.14 events PPY)108. The 
higher rate of hospitalization in children was primar-
ily related to infection, particularly dialysis-associated 
infection. Finally, a small retrospective study from 
Bangladesh reported that the infection-related and 
cardiovascular-related hospitalization rates were 0.7  
and 1.0 events PPY,respectively109.

Hospitalization in patients treated with HD is associ-
ated with high health-care costs (approximately one-third 
of Medicare expenditure for patients receiving dialysis 
in the USA) and increased mortality39. According to US 
Renal Data System (USRDS) data, approximately 10% of 
patients receiving HD died within 30 days of discharge39. 
The SONG-HD initiative recognizes hospitalization as a 
middle-tier outcome for patients and health-care profes-
sionals110 (Fig. 2). However, hospitalization data are rarely 
reported in most national kidney registries.

Few studies have investigated models of care or 
interventions to reduce hospitalization rates in patients 
receiving HD. Online haemodiafiltration111,112, nocturnal 
HD113, daily home HD66 and incremental HD114 do not 
seem to have an effect on hospitalization rates, although 
the certainty of evidence is low.

Of note, readmission rates are also higher in patients 
treated with HD than in the general population. A 
USRDS study39 reported a 30-day readmission rate of 
34.6% in 2018, a rate higher than approximately 17.5% 
reported for the general population115. Strategies to 

Box 1 | Strategies to prevent common infections in patients receiving 
haemodialysis

Prevention of central venous catheter-related bloodstream infection
•	Pre-dialysis education for timely vascular access creation to reduce haemodialysis 

initiation using a central venous catheter (CVC) line

•	Use of special CVC connectors or an antimicrobial barrier cap to reduce CVC-related 
bloodstream infection (CRBSI) in patients at a high risk or at high-risk facilities

•	Selective use of prophylactic antibiotics or antimicrobial locks in patients who require 
long-term catheter use and are at a high risk of CRBSI

•	Staff and patient training and education on CVC and exit-site care

Prevention of arteriovenous fistula or arteriovenous graft infection
•	Effective staff education and training on disinfecting the skin at arteriovenous fistula 

or arteriovenous graft sites before cannulation

•	Use of rope ladder cannulation as the preferred technique and limiting arteriovenous 
access using buttonhole cannulation, which should be avoided in synthetic grafts

Prevention of pneumonia
•	All patients receiving haemodialysis should be immunized against influenza, 

pneumococcus and COVID-19

Prevention of hepatitis virus infection
•	Adherence to infection control policy in the dialysis centres

•	Hepatitis B vaccine should be considered for susceptible patients and staff from 
dialysis centres
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reduce readmission rates have been reported in previous 
studies116–118 (Supplementary Figure 1). Hospitalization 
and readmission should be treated as a key perfor-
mance indicator for dialysis providers and should 
also be reported by national kidney registries using a 
standardized metric for surveillance and benchmarking.

Cognitive impairment. A 2016 systematic review of  
42 studies involving 3,522 patients treated with HD 
from five continents (North America n = 17, Europe 
n = 14, Middle East or Asia n = 6, South America n = 3, 
Africa n = 2) found that patients receiving HD had worse 
cognition than the general population, particularly in 
the domains of orientation, attention and executive 
function119. A subsequent cross-sectional study of 676 
adult patients receiving HD from 20 centres in Italy 
reported that 71.1% had impairment of at least one of the 
five cognitive domains tested120. Cognitive impairment 
is associated with decreased quality of life and increased 
risk of hospitalization and mortality. General risk factors 
for cognitive impairment, including ageing, hypertension, 
diabetes and dyslipidaemia, are often observed in patients 
treated with HD. Cognitive changes can also be secondary 
to the effects of HD therapy (for example, hypoxaemia or 
fluctuations in volume status), as well as the presence of 
uraemic toxins, metabolic derangements and inflamma-
tion associated with kidney failure. Although maintain-
ing an adequate dialysis dose and avoiding intradialytic 
hypotension are important, more frequent HD was not 
associated with neurocognitive benefits in large trials121.

Global patient-reported outcomes
Patient-reported outcomes refer to any outcomes 
reported directly by patients about how they function 
or feel in relation to a health condition and its therapy 

without interpretation of the patient’s responses by a 
clinician, or anyone else. These outcomes include any 
treatment or outcome evaluation obtained directly from 
patients on HD through interviews, self-completed 
questionnaires, diaries or other data collection tools 
such as hand-held devices and web-based forms. 
Patient-reported outcomes are increasingly becoming 
an integral part of the delivery and evaluation of care 
being received by patients on HD122 (Table 1).

Fatigue. Fatigue is common and debilitating in individu-
als undergoing HD. Fatigue is difficult to describe but is 
defined as a subjective, complex and multidimensional 
experience that encompasses both physical and psycho-
logical domains123. Subjective terminologies, such as feel-
ing tired, weak, exhausted or slow, are sometimes used 
to describe fatigue and some authors have proposed that 
fatigue should be conceptualized as a continuum, with 
exhaustion and tiredness at one end, and energy and 
vitality at the opposite extreme124. Several studies showed 
that fatigue in patients receiving HD is associated with 
poor outcomes, including reduced sleep quality125, poor 
quality of life (QOL)126, increased CVD127, increased 
hospitalization127 and increased all-cause mortality125,127. 
Fatigue is most severe on dialysis days compared with 
non-dialysis days128.

The prevalence of fatigue varies widely in patients 
receiving long-term dialysis129 (60–90%). This variation 
is partly due to considerable heterogeneity in the types 
of instruments used to measure fatigue130–133. Of these, 
the Functional Assessment of Chronic Illness Therapy 
– Fatigue (FACIT-F) questionnaire, which includes 13 
fatigue-related questions, is the only multi-item survey 
designed to ascertain multiple dimensions of fatigue131. 
However, the vitality scale of the SF-36 questionnaire133, 

Box 2 | Risk factors for hospitalization in patients receiving haemodialysis

Nutrition and inflammation
•	Low body mass index (<20 kg/m2)

•	Hypophosphataemia

•	Hyponatraemia

•	Hypoalbuminaemia

•	Anaemia

•	Poor malnutrition assessment scores (for example, 
malnutrition inflammation score or subjective global 
assessment of malnutrition)

•	High p-cresol sulfate

•	Poor or very poor self-reported appetite

•	Hyperkalaemia owing to high dietary potassium intake

Comorbidities
•	High Charlson comorbidity score

•	Type 2 diabetes

•	Cardiovascular disease

•	Peripheral vascular disease

•	Cerebrovascular disease

•	Cancer

•	Chronic obstructive pulmonary disease

•	Hepatitis C virus infection

•	Frailty

Demographic factors
•	Limited health literacy

•	Smoking

•	Minority ethnicity

•	Older age

Psychosocial factors
•	Depression

•	Anxiety symptoms

•	Poor social support

•	Low self-efficacy

Dialysis access and facility support
•	Use of central venous catheter for vascular access

•	Treatment in a centre with a high patient-to-staff  
ratio

•	Non-adherence to dialysis treatment (missed or 
shortened dialysis sessions)

Others
•	High (>4%) inter-dialytic weight gain

•	Previous history of hospitalization or emergency 
department visit

•	Residence in a nursing facility
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which contains four fatigue-related items, is the most 
widely used fatigue instrument in the dialysis popula-
tion. The SONG-HD group recommended that a core 
outcome measure of fatigue should assess the impact 
of fatigue on three measures: life participation, tired-
ness and level of energy, all of which ranked as highly 
important among patients, caregivers and health-care 
professionals134. These measures have been validated in 
a SONG-HD fatigue study that comprised 485 patients 
from different countries who were receiving HD28.

Although multiple factors have been associated with 
fatigue in patients with kidney failure, the aetiology of 
fatigue remains largely unknown and can be divided into 
four categories: dialysis-related, physiological, associated 
with psychological or behavioural factors, or associ-
ated with socio-demographic factors (Supplementary 
Figure 2). Inflammation is a central mediator of fatigue 
in patients with kidney failure129,135 and inflammatory 
markers, such as IL-6 and C-reactive protein (CRP), 
are elevated in patients receiving HD136. Inflammation 

Table 1 | Patient-reported outcomes in patients receiving haemodialysis

Measure Definition Prevalence or incidence Clinical impact Refs

Fatigue Subjective, complex and 
multidimensional experience (for 
example, weakness and/or lethargy) 
that encompasses both physical and 
psychological domains

Widely variable prevalence; 60–97% Reduced sleep quality; poor 
QOL; increased risk of CVD, 
hospitalization and all-cause 
mortality

123–134

Life participation Ability to engage in everyday life 
events (for example, work, travel, 
recreation, study and/or physical 
activity)

Prevalence is highly variable and difficult 
to measure; influenced by multiple factors: 
method of HD delivery (in-centre HD 
versus home HD), treatment schedule, 
need for repeated invasive procedures, 
HD symptoms (for example, post-dialysis 
fatigue) and complications (for example, 
pruritus, dizziness or headaches)

Affects patients’ choices of 
treatment and modalities, as well 
as outcomes; can impact QOL

22,24,142,143

Depression A mood disorder that causes a 
persistent feeling of sadness and loss 
of interest in everyday life activities, 
and leads to a variety of emotional 
and physical consequences

Variable; global representative data 
suggest a prevalence of 22.8% (95% CI 
18.6–27.6%) based on interview and 39.3% 
(95% CI 36.8–42.0%) based on self-report 
scales

Increased risk of mortality, 
hospitalizations, non-adherence 
to dialysis and lower HR-QOL

145–156

Anxiety Anticipation of a future concern; 
associated with muscular tension and 
avoidance behaviour

Variable; systematic review of  
61 observational studies from Europe, 
North America, Asia and Africa reported  
a high prevalence (42%) of elevated 
anxiety symptoms

Increased risk of functional 
symptoms such as depression; 
affects mineral bone metabolism 
(decreased parathyroid hormone 
levels); increased length of 
hospitalization and decreased 
perceived QOL and vitality levels

162–164

Cramps Intradialytic painful involuntary 
musculature contraction

Incidence 24–86% Reduced quality of dialysis 
(reduced time on treatment and 
interruptions); reduced QOL

165–168

Pain Localized or generalized unpleasant 
bodily sensation leading to mild 
to severe physical discomfort and 
emotional distress

A systematic review and meta-analysis 
of 48 studies involving 8,464 patients 
from 23 countries reported a 60.5% mean 
prevalence of chronic pain

Insomnia and depression; 
reduced QOL

171,173

Pruritus Unpleasant skin sensation that 
provokes a desire to scratch for relief

A large prospective study reported that 
42% of 18,801 experienced moderate to 
extreme pruritus

Increased mortality risk; poor 
sleep; reduced QOL; depression

177–179

Restless legs 
syndrome

Desire to move the extremities, 
associated with paraesthesias and/or 
dysaesthesias, motor restlessness and 
worsening of symptoms at rest with at 
least temporary relief by activity

Variably reported; prevalence 12–62% Sleep disturbances; decreased 
QOL; premature withdrawal 
from dialysis; increased CVD 
morbidity and mortality

181–184

Sexual 
dysfunction

Persistent, recurrent problems with 
sexual response, desire, orgasm or 
pain that affect sexual relationships

A systematic review found that the 
prevalence of erectile dysfunction in male 
patients was 75% (95% CI 72–77%)

Only one study reported on sexual 
dysfunction in 138 female patients, and 
observed a prevalence of 29.7%

Decreased QOL; increased risk 
of CVD morbidity and mortality.

187

Sleep quality A measure of whether sleep is restful 
and restorative

An assessment of sleep quality in 
11,351 patients from 308 HD units in  
7 countries reported a 49% prevalence  
of poor sleep quality

Increased mortality; increased 
risk of CVD; decreased QOL

189

CVD, cardiovascular disease; HD, haemodialysis; HR, health-related; QOL, quality of life. Patient-reported outcomes refer to reports coming directly from patients 
about how they function or feel in relation to a health condition and its therapy, without interpretation of the patient’s responses by a clinician, or anyone else. 
Proxy reports from caregivers, health professionals, or parents and guardians (necessary in some conditions such as advanced cancer and cognitive impairment) 
cannot be considered patient-reported outcomes and should be regarded as a separate category of outcomes.
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mediates fatigue either directly through activation of the 
central nervous system, hypothalamus, pituitary gland 
and adrenal glands, or indirectly by inducing sleep dis-
orders, depression or anxiety137. No specific treatment 
strategies are available for the management of fatigue in 
dialysis. Data for the use of pharmacological interven-
tions (for example, growth hormone, steroids, vitamins, 
alkali supplementation and erythropoiesis-stimulating 
agents) remain conflicting and inconclusive138. Of the 
non-pharmacological interventions, regular physical 
activity has a positive effect on fatigue139. Intradialytic 
cardiovascular exercise training reduced inflammation 
and improved physical performance in patients receiv-
ing HD140. A systematic review comprising 20 trials 
(677 participants)141 reported that aerobic and com-
bined exercise was useful for improving QOL in patients 
treated with HD. However, larger trials are needed to 
assess the effect of exercise and other treatment strategies 
on fatigue in the HD population.

Life participation. Life participation is the ability to 
engage in everyday life events (for example, work, travel, 
recreation, study and physical activity) and is a crucially 
important outcome for patients on HD22,24. Reduced life 
participation among these patients can be influenced 
by HD delivery method (in-centre HD versus home 
HD), treatment schedule, the need for repeated inva-
sive procedures (for example, catheter (re)placement 
or fistula repair surgeries), symptoms of HD (for exam-
ple, post-dialysis fatigue) and occurrence of complica-
tions (for example, pruritus, dizziness, or headaches). 
Restrictions to life participation affect patients’ choices 
of treatment modalities and outcomes142.

The SONG-HD group assessed patients receiving 
HD and their caregivers and identified that the ability to 
travel and to work, dialysis-free time, the impact of dial-
ysis on family and/or friends, and mobility were impor-
tant middle-level priority outcomes24 (Fig. 1). Although 
the ability to travel ranked higher than the ability to 
work in the SONG-HD study24, staying employed has 
been associated with increased QOL across multi-
ple dimensions143, increased probability of receiving  
a kidney transplant and better survival on HD144.

Depression. Approximately one in five patients receiving 
dialysis suffers from depression, a rate that far exceeds 
that of the general population and of most patients 
with chronic illnesses145,146. A systematic review and 
meta-analysis of 198 population studies (46,505 patients 
receiving dialysis) across four continents (including 
the USA, Canada, Brazil, UK, Norway, France, The 
Netherlands, Turkey, Saudi Arabia, Egypt, Sri Lanka, 
Korea and Taiwan), demonstrated that the prevalence 
of depression was 22.8% (95% CI 18.6–27.6%) based 
on interview and 39.3% (95% CI 36.8–42.0%) based on 
self-report scales146. In the DOPPS II population, the 
prevalence of physician-diagnosed depression was low-
est in Japan (2%) and France (10.6%), and highest in the 
USA (21.7%) and Sweden (19.8%)147.

The relationship between CKD and depression 
is complex and multi-factorial148 (Supplementary 
Figure 3). Socio-economic disadvantage leading to 

unhealthy lifestyles is an important risk factor for 
depression149, as are biopsychosocial consequences, such 
as inflammation, negative self-care behaviours, symp-
tom burden (particularly fatigue and sleep disturbance) 
and a sense of loss in many life domains150–153.

The evidence linking depression with adverse events 
such as mortality, hospitalizations and a decrease in 
health-related QOL (HR-QOL) among patients with 
CKD is growing. A systematic review of 22 studies com-
prising 83,381 patients found a consistently increased 
risk of death from any cause among patients with depres-
sion (relative risk (RR) 1.59; 95% CI, 1.35–1.87) across 
all stages of CKD, regardless of sex, age or the method 
of diagnosing depression154. In the DOPPS population, 
depression was independently associated with death 
and hospitalization among patients receiving HD155. 
Depression is also associated with difficulties adhering 
to the recommended diet for patients living with kidney 
failure on dialysis and also fluid restriction and dialy-
sis non-adherence150,151, and is a major catalyst for the 
deterioration in HR-QOL commonly experienced by 
patients with CKD152,156.

Although depression is common and impact-
ful in the dialysis population, it remains significantly 
under-recognized and mostly under-treated (only a 
minority of patients receive anti-depressant medica-
tion)147. This trend might relate, in part, to conflicting 
ideas regarding the value of screening for depression 
with self-administered questionnaires, such as the Beck 
Depression Inventory157, and the limited evidence base 
supporting the use of both pharmacological and psycho-
social interventions. Self-administered questionnaires are 
thought to have limited diagnostic accuracy and a ten-
dency to incorrectly label the increased somatic symptoms 
commonly experienced by patients receiving dialysis such 
as symptoms of depression158. The evidence supporting 
treatment with antidepressant medication is scant — two 
RCTs show either unsustained or no benefit of serotonin 
reuptake inhibitors on depression scores159,160, and the 
safety profile of these medications in patients receiving 
dialysis is uncertain. To date, no conclusive evidence 
shows that alteration of the dialysis regimen is beneficial47 
but a 2019 Cochrane review found that cognitive behav-
ioural therapy, exercise and relaxation techniques might 
have a role in reducing depressive symptoms161.

Anxiety. A 2021 systematic review of 61 observational 
studies from Europe, North America, Asia and Africa 
reported a high prevalence (42%) of elevated anxi-
ety symptoms among patients receiving dialysis162. 
Furthermore, elevated anxiety symptoms were asso-
ciated with depression, decreased parathyroid hor-
mone levels, increased length of hospitalization, and 
decreased perceived quality of life and vitality levels162. 
The postulated underlying mechanisms for anxiety in 
HD include the presence of uraemic toxins, oxidative 
stress, cerebrovascular damage, renin–angiotensin–
aldosterone system activation, stressors associated with 
kidney failure (for example, high pill burden, and die-
tary and/or fluid restrictions) and dialysis therapy (for 
example, time and financial burden)162,163. Although 
few studies have evaluated anxiety treatment strategies, 
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one investigation in patients receiving HD reported 
that a brief cognitive-behavioural therapy interven-
tion decreased anxiety and depressive symptoms, and 
improved QOL after a 4-week follow-up164.

Cramps. The incidence of muscle cramps in patients 
with HD ranges from 24 to 86%165,166. The underlying 
mechanism is not fully understood, but a high ultra-
filtration rate and high volume contraction have been 
implicated167. The frequency of cramps seems to be 
directly related to the percentage reduction in body 
weight achieved during treatment and with the initia-
tion of HD168. Unfortunately, no reliable, evidence-based 
therapy to reduce muscle cramps associated with HD is 
currently available169. Therapies that are commonly pre-
scribed include quinine, vitamin E, prazosin, carnitine, 
stretching, exercise and more frequent dialysis165. A 2006 
study reported that the traditional Japanese herbal medi
cine shakuyaku-kanzo-to was effective in preventing 
HD-associated muscle cramps170. Patients receiving HD 
have recognized cramps as one of the top three physical 
symptoms that should be designated as priority targets 
for novel therapies23.

Pain. A systematic review of 52 studies involving 6,917 
HD patients from 10 countries171 reported that the prev-
alence of chronic pain ranged from 33 to 82%, whereas 
the prevalence of acute pain (defined as current pain, 
intradialytic pain or pain during the past 4 weeks) 
ranged from 21 to 92%. A subsequent systematic 
review and meta-analysis of 48 studies involving 8,464 
patients on dialysis from 23 countries172, showed that the 
mean prevalence of chronic pain was 60.5%. However, 
the researchers noted that studies lacked a uniform 
approach to defining the chronicity and nature of pain, 
and that the tools used to determine pain severity were 
variable. Pain in patients receiving HD is associated with 
insomnia and depression173.

The causes of pain in patients treated with HD are 
not fully understood and experts suggest that it is often 
multifactorial174. Pain among the HD population can be 
related to underlying chronic conditions (for example, 
diabetic neuropathy) and/or causes unique to kidney 
failure (for example, calciphylaxis and renal osteodystro-
phy)174. Moreover, interventions related to HD treatment 
such as the placement of central catheters and AVFs can 
lead to painful syndromes174. Treatment of the under-
lying cause, if identifiable, is key in pain management. 
Non-pharmacological approaches might be appropriate 
for musculoskeletal pain. For pharmacological manage-
ment, a modified WHO analgesic ladder can be used. 
Pharmacological management of pain for HD patients 
requires careful selection of analgesics with close atten-
tion to efficacy and safety, particularly for opioids175,176. 
Focus on function and QOL rather than complete pain 
alleviation is recommended when caring for patients on 
HD with pain.

Pruritus. Pruritus is common among patients treated 
with HD and can disturb sleep, compromise qual-
ity of life, interfere with daily function and lead to 
depression177. Several studies from nine countries using 

different tools and questionnaires reported a mean prev-
alence of 55% (Supplementary Table 1). In a large pro-
spective study using DOPPS data from seven countries, 
moderate to extreme pruritus was reported by 42% of 
18,801 patients receiving HD178. Of note, pruritus was 
associated with a 17% higher mortality risk, although 
this relationship was not significant after adjusting for 
sleep quality measures. The underlying mechanism  
for development of pruritus in patients on HD is uncer-
tain, and two concepts — ‘immuno-hypothesis’ and 
the ‘opioid hypothesis’ — are postulated as possible 
mechanisms for the pathogenesis of uraemic pruritus179. 
Proposed treatments for pruritus include the use of 
moisturizing agents, control of CKD–mineral bone dis-
ease (MBD) parameters, the use of α2δ channel ligands 
(for example, gabapentin and pregabalin), antihista-
mines, cromolyn sodium, phototherapy, κ-opioid recep-
tor agonists (for example, difelikefalin)180 and μ-receptor 
antagonists.

Restless legs syndrome. Restless legs syndrome (RLS) is 
characterized by a desire to move the extremities that  
is often associated with paraesthesias and/or dysaesthesias; 
motor restlessness; worsening of symptoms at rest with 
at least temporary relief by activity, and worsening of 
symptoms in the evening or at night181. The reported 
prevalence of RLS in HD populations is variable182, 
ranging from 12 to 62%. The use of different assess-
ment tools might explain this variation. Studies using 
the International Restless Legs Syndrome Study Group 
diagnostic criteria have reported the prevalence of RLS 
to range between 10 and 20%182. Another study used a 
validated and relatively simple self-report survey, the 
RLS Questionnaire, and found that 14% of 113 patients 
on dialysis were affected by RLS182. This condition is 
associated with sleep disturbances, decreased qual-
ity of life, premature withdrawal from dialysis183, and 
increased cardiovascular morbidity and mortality184. The 
pathogenesis is not well understood but seems to involve 
abnormal neurological intracellular ion fluxes, and the 
dopaminergic and other neurotransmitter pathways185. 
Therapeutic strategies for improvement include physi-
cal exercise, reduced caffeine intake, augmented dialysis, 
sleep hygiene, treatment of iron deficiency and the use 
of α2δ channel ligands, dopamine agonists or opioids186.

Sexual function. A systematic review of 50 observational 
studies of 8,343 patients with CKD, including 27 studies 
(54%) involving 4,146 patients receiving HD found that 
the prevalence of erectile dysfunction in male patients 
receiving dialysis was 75% (95% CI 72–77%)187. Only 
one study reported on sexual dysfunction in 138 female 
patients treated with HD and observed a prevalence of 
29.7% using a standard Female Sexual Function Index 
(FSFI) questionnaire187. Sexual dysfunction in males and 
females was associated with older age, diabetes melli-
tus and depression187. A Cochrane systematic review 
of 15 RCTs (11 involving HD patients and one involv-
ing female patients) found that phosphodiesterase-5 
inhibitors improved various aspects of erectile function 
patients on HD188. In addition, oral zinc supplementation 
was associated with an increase in plasma testosterone 

Paraesthesias
An abnormal burning or 
prickling sensation usually felt 
in the upper and lower limbs 
(rarely in other parts of the 
body). The sensation commonly 
erupts spontaneously and is 
painless; most often described 
as tingling or numbness, or skin 
crawling.

Dysesthesias
Abnormal nerve sensations 
similar to paraesthesias but 
representing features of a more 
chronic nature that can affect 
both upper and lower limbs 
with the predominant features 
of prickling, burning, stabbing, 
ice-cold or electrical sensations.
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concentration, along with an increase in the potency 
and frequency of intercourse. However, the addition of 
zinc to the dialysate did not improve testosterone lev-
els. The safety and efficacy of interventions for sexual 
dysfunction in women receiving HD were uncertain.

Sleep quality. In 12 studies of patients receiving HD 
from 10 countries in North America, Canada and Asia, 
the mean prevalence of poor sleep quality was 69% in 
10 studies based on a Pittsburgh Sleep Quality Index 
>5 and 83% in 2 studies based on a Pittsburgh Sleep 
Quality Index ≥5 (Supplementary Table 2). A DOPPS 
assessment of sleep quality in 11,351 patients receiving 
HD in 308 HD units in seven countries reported a 49% 
prevalence of poor sleep quality, defined as a score of 
≤5 on the KDQOL-SF-36 (ref.189). Notably, the study 
reported an independent association between poor 
sleep quality and increased mortality. Identification and 
treatment of sleep disorders and other aforementioned 
factors underpinning poor sleep quality (for example, 
depression, anxiety, cramps, pain, restless leg syndrome 
and pruritus) are important.

Surrogate outcomes. These outcomes comprise inter
mediate endpoints of a clinical outcome and are con-
sidered to be valid predictors (surrogates) of the final 
clinical outcome. Blood pressure and CKD-MBD are 
established surrogates for CVD and/or mortality in HD.

Blood pressure. Hypertension is common among 
patients receiving HD. Data from the GKHA showed 
that blood pressure, which is a quality indicator for 
HD, was measured and reported in most countries 
(86%)14. In the vast majority (93%) of countries, blood 
pressure was monitored through analogue techniques 
(or less commonly (79%) through automated moni-
toring)14. The optimal blood pressure target in the HD 
population remains controversial190. Similar to previous 
studies191,192, a prospective cohort study of 2,299 patients 
undergoing chronic dialysis193 revealed a U-shaped rela-
tionship between pre-dialysis systolic blood pressure 
and all-cause mortality, with a nadir at systolic blood 
pressure 110–169 mmHg.

CKD–MBD. CKD–MBD is the term used to describe 
disturbances in mineral metabolism, kidney bone 
disease and vascular calcification, and is associated 
with heightened CVD and mortality194. In a survey of 
13 countries, the prevalence of secondary hyperparathy
roidism (SHPT; that is, serum parathyroid hormone 
levels >300 pg/ml) varied widely between 30 and 50%, 
among dialysis-dependent populations195. Similarly vari-
able results were reported across Europe (30–46%, n = 7), 
North America (54%), Australia and New Zealand 
(49%), India (28%), Japan (11.5%) and Brazil (10%)195. 
A cross-sectional study of 48 patients at a Nigerian HD 
unit196 reported that CKD–MBD was common (58%).

The mainstay of treatment for mineral metabo-
lism disturbances in patients receiving HD involves 
dietary phosphate restriction, the use of phosphate 
binders, vitamin D supplementation, the use of calci-
mimetic agents and parathyroidectomy194. However, 

medications to optimize CKD–MBD are responsible 
for a large proportion of the daily pill burden for these 
patients197, contribute substantially to excess health-care 
costs and, given the low certainty of evidence, might not 
improve outcomes that are important to patients such 
as mortality198,199. A Pragmatic randomized trial of High 
Or Standard PHosphAte Targets in 3,600 adult patients 
with End-stage kidney disease on dialysis (PHOSPHATE 
trial) is currently underway in Australia, New Zealand, 
UK and Canada (NCT03573089).

Other HD outcomes
In addition to the aforementioned outcomes, socio- 
economic (non-clinical) factors that affect the day-to-day 
lives of people on HD should also be considered. 
Practitioners should recognize these factors and how 
they affect the lives of patients (for example, their effects 
on relationships or personal finances), their families and 
their caregivers as an important step towards developing 
interventions to ameliorate their negative impact.

Impact on family and friends. Similar to other chronic 
illnesses, the burden of HD care often extends beyond 
patients to their families, caregivers and friends200,201. In 
a study involving 84 older individuals receiving in-centre 
HD in Brazil, most caregivers were women, married and 
a spouse or child of the patient, and devoted a median 
of 70 h per week (range: 14–148 h) to care activities202. 
The study noted that HD caregivers had lower QOL in 
all Medical Outcomes Study 36-Item Short Form Survey 
(SF-36) domains compared with the general Brazilian 
population202. Several other studies from around the 
globe, including the USA (patients on HD or PD, and 
kidney transplant recipients)203, Italy (patients on HD)204, 
China (patients on PD)205, India (paediatric patients)206 
and Jordan (patients on HD)207 have shown a similar 
impact on caregivers.

Increased social support has been associated with 
less hospitalization and better QOL in patients receiving 
dialysis208. Recognizing the impact of kidney failure and 
maintenance dialysis therapy on family and caregivers 
is an important step towards developing interventions 
aimed at decreasing caregiver burden and increasing 
patient support205. Developing educational and training 
programmes tailored for families and caregivers might 
decrease the burden of knowledge and unexpected care 
needs203. Providing psychological support and coping 
skills to a caregiver might also improve the well-being 
of patients and their care providers203. Although home 
dialysis therapy might increase the care needs of patients 
at home209, a significant difference in the responsibility 
level for caregivers of patients treated with home HD 
compared with PD has not been reported209. In an 
ongoing international trial, preliminary results showed 
a more significant decrease in QOL in caregivers of 
patients randomized to extended-hours HD than those 
receiving standard-hours HD210.

Financial impact. Providing life-saving maintenance 
HD comes at a high societal and personal cost, espe-
cially in LMICs211. Among the different KRT modali-
ties, in-centre HD incurs the highest cost per patient212. 
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According to data available from 97 countries, the 
average annual cost of maintenance HD (specifically, 
in-centre HD) was 22,617 international dollars (equiv-
alent to the value of US dollars in 2016) per person per 
year, but this cost varied widely within countries and by 
World Bank income group (Supplementary Figure 4)213. 
The probability of paying out-of-pocket for HD was 
inversely related to country income level. Patients paid 
100% of HD treatment costs in 14% of LICs, compared 
with 11% of LMICs, 7% of UMICs and 4% of HICs213. 
By contrast, patients paid no out-of-pocket costs for HD 
in 39% of HICs, compared with 20% of UMICs, 17% of 
LMICs and 23% of LICs. In LMICs, where most of the 
cost burden is shifted from public to private funds, lack 
of HD can often lead to early death213 More innovations 
in the provision of HD care that are cost-effective are 
needed. A policy shift from in-centre to home-based 
dialysis will probably lead to less societal cost burden in 
resource-rich countries212.

HD outcomes in vulnerable populations
Vulnerable population subgroups, including people at 
the extremes of age (children and older individuals), 
women and Indigenous peoples across the various world 
settings are further disadvantaged by socio-economic 
variables such as their racial or ethnic group, income 
level, insurance coverage (or lack thereof), housing 

conditions, literacy and access to care or health system 
organization.

Women. Men outnumber women by a ratio of 2 or 3 to 
1 in the dialysis population39 (Fig. 3). Analysis of over 
230,000 patients receiving KRT in Europe from 1965 to 
2005 showed a consistently higher male-to-female ratio 
for incident and prevalent KRT214. The ratio increased 
over time and was consistent across countries. At HD 
commencement, women were generally older, had lower 
kidney function, fewer comorbidities, greater catheter 
use and fewer fistula attempts, and were less likely to 
receive ≥12 h of dialysis per week than men215–217. Other 
studies have also reported that, compared with men, 
women on HD have a higher symptom burden, greater 
symptom severity, poorer HR-QOL, longer recovery time 
after a dialysis session, an 18% higher risk of withdrawal 
from dialysis and a 20% higher hospitalization rate218–224.

The survival advantage of women compared with 
men at higher levels of GFR diminishes as kidney func-
tion declines. A DOPPS report of 206,374 patients on 
HD showed that the male-to-female mortality ratio 
was 1, which is lower than the that of the general popula-
tion (1.5–2)225. These data show that, relative to age- and 
sex-matched individuals from the general population, 
women have a 1.5 times higher standardized mortality 
than men. This risk is further exacerbated in younger 
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Fig. 3 | Incidence of treated kidney failure by sex in different countries 
or regions (2018). The figure depicts an international comparison of 
the incidence of treated kidney failure by country or region displaying 
information among countries and regions that supplied data to the US 
Renal Data System for the year 2018. The highest incidences (≥400 persons 
with treated kidney failure per million population) were observed in the 
Mexican state of Jalisco, Taiwan and Hungary, whereas the lowest 
incidences (<100 persons with treated kidney failure per million population) 

were reported in Kazakhstan, Finland, Iceland, Colombia, Chile, Bangladesh, 
Ukraine and South Africa. Data for Canada exclude Quebec. Data for Italy 
are representative of 38% of patients with kidney failure. Japan data include 
only patients receiving dialysis. UK data include only England, Wales 
and Northern Ireland (data for Scotland are reported separately). Data 
collection methods vary across countries, prompting caution in making 
direct comparisons. Graph is reprinted from United States Renal Data 
System39, CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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women226. USRDS data, showed a 36% greater mortality 
risk in girls aged 2 to 19 years receiving HD than boys 
of the same age227. This difference has been attributed to 
a higher prevalence of inflammatory diseases amongst 
younger women or incorrect calculation of dialysis dose 
based on Kt/V, as suggested by a secondary analysis of the 
HEMO data228,229.

Older individuals. The demand for dialysis is growing in 
elderly populations worldwide, with the highest growth 
in those >80 years of age230. Analysis of 8,161 patients 
on HD from DOPPS countries showed a higher bur-
den of comorbidities and malnutrition, lower fistula use 
(in North America and Europe), poorer QOL (physical 
scores) and higher mortality amongst those over the 
age of 75 years, than in their younger counterparts231. 
Median survival on dialysis was 1.6–5.4 years shorter 
than in those under the age of 45. USRDS data show 
4-fold higher mortality in patients over the age of 
75 years on HD than in the general population39. A sys-
tematic review of 28 studies232 identified an independ-
ent association between increased mortality in older 
individuals receiving HD and functional impairment  
(OR 1.45, 95% CI 1.20–1.75), cognitive impairment  
(OR 1.46, 95% CI 1.32–1.62), falls (OR 1.14, 95% CI 
1.06–1.23), frailty (OR 1.43, 95% CI 1.31–1.56) and 
central venous catheter use (OR 1.53, 95% CI 1.44–1.62).

Older individuals treated with HD are also more fre-
quently affected by pain, sleep disturbances and depres-
sion than younger patients233. Based on a qualitative 
study234, researchers identified predictors of better out-
comes in older individuals on dialysis. These predictors 
included physical factors (less frailty, greater ability to 
tolerate dialysis and the presence of functional vascular 
access), psychological factors (reasonable expectations 
from dialysis, understanding of the need for lifestyle 
changes and positive attitudes), social factors (involve-
ment of family and friends, and ability to engage in other 
activities) and provider factors (easy access to dialysis 
and availability of advance care planning). Rather than 
survival, improving quality of life, or meeting functional 
or emotional goals, might be more important for older 
individuals with kidney failure235. Consequently, they are 
more likely to withdraw from HD than younger patients.

Children. Children and adolescents with kidney failure 
have unique characteristics and needs. Similar to adults, 
kidney transplantation is the optimal KRT modality for 
children and adolescents. Access to dialysis is highly 
restricted in paediatric populations in LICs and LMICs 
owing to lack of specialized equipment and ability to 
pay for treatment236,237. According to a systematic review, 
about 80% of all children receiving KRT lived in Europe, 
North America or Japan238.

The mortality of children on dialysis is 30-fold higher 
than in the general paediatric population239. According 
to the USRDS, children starting dialysis before the 
age of 14 had a remaining lifetime of 22–24 years215. 
European children starting dialysis between 2005 and 
2010 had a 5-year survival of 89.5%240, whereas the mor-
tality rates were 4.8/100 patient-years amongst children 
on HD in Australia and New Zealand241. Mortality is 

particularly high in children under the age of 5 (49.4 
and 83.4 deaths/1,000 patient-years in Europe and USA 
respectively)239,240. The survival of children on HD has 
improved over time, with risk reductions of 12–20% for 
every five calendar years between 1990 and 2010 (ref.240). 
In a multi-continent study242 comprising 3,244 patients 
aged 0–30 years, the mortality in the population aged 
18–30 years was higher in North and South America 
than in Europe (North America OR 2.69, CI 1.29–5.63; 
South America OR 4.21, CI 2.32–7.6). North American 
children also had a higher co-morbidity burden than 
all other regions, and greater use of catheters than the 
South America region. Globally, patients from Asia had 
the longest mean treatment times, whereas the North 
American cohorts had the shortest.

Physical growth, QOL and adaptation to the demands 
of adulthood are important considerations in the pae-
diatric HD population. Growth is influenced by the 
quality of dialysis and availability of growth hormone 
therapy, both of which vary worldwide238. According to 
the International Paediatric Dialysis Network, treatment 
rates are highest in Europe, where 30–50% of children 
<18 years on HD received growth hormone238. Delayed 
autonomy, and psychosexual and social development are 
other important issues243. Data from European countries 
have shown that, with appropriate support, educational 
attainment and future employment among children 
on HD can be similar to that of their age-matched 
counterparts in the general population238.

Indigenous populations. The incidence and prevalence of 
kidney failure are greatly increased in Indigenous popu
lations compared with non-Indigenous individuals in 
countries such as the USA, Australia, New Zealand and 
Canada244,245. In Australia, Aboriginal and Torres Strait 
Islander peoples use KRT five times more frequently 
than other Australians246. Indigenous patients are also 
younger and have a higher comorbidity burden than 
their non-Indigenous counterparts244. A combination of 
population-specific and socio-economic factors, remote 
location and poor access to health care are responsible 
for the higher burden of kidney disease in Indigenous 
populations. About 50% of Aboriginal and Torres Strait 
Islander patients with kidney failure live in areas without 
dialysis facilities and over 75% need to relocate to have 
access to treatment247,248.

The outcomes amongst Indigenous people on HD vary 
between countries. In a retrospective cohort study that 
compared 263 Indigenous and 10,713 non-Indigenous 
individuals over 65 years of age in the Australian and 
New Zealand data Registry, Indigenous people had a 
20% increased risk of mortality (95% CI 2–41%)249,250. 
By contrast, American Indians and Native Alaskans 
(AI/NA) with diabetes have similar or better survival on 
HD than their white counterparts251. The patients who 
reported AI/NA ancestry had better survival, and those 
with AI ancestry as reported on the USRDS database had 
the lowest adjusted risk of death compared with white 
individuals (HR 0.58, 95% CI 0.55–0.61)252. The reason 
for this survival advantage is unclear. Although the study 
adjusted for a number of baseline differences, the role of 
unmeasured confounders cannot be excluded.

Kt/V
A formula for measuring  
and expressing the degree of 
dialysis small solute clearance 
using biochemical parameters 
(K, dialyzer clearance (that is, 
the rate at which blood passes 
through the dialyzer) expressed 
in ml/min; t, time; V, volume  
of total body water).
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Several interventions to improve outcomes in remote 
dwelling Indigenous populations have been investigated, 
including involving people from the same communities 
in patient care, the use of a hub and spoke model of HD 
delivery and telehealth253,254. These interventions were 
more likely to be successful when the target communities 
were included in program development255. Several stud-
ies have documented improved outcomes (QOL and sur-
vival) when Indigenous people receive HD in units close 
to home256–258. In an analysis of 77 patients dialyzed at the 
Kimberley Satellite Program (Australia), which imple-
mented targeted interventions, the adjusted mortality 
was comparable with that of non-Indigenous Australian 
patients (mortality ratio 0.80, 95% CI 0.51–1.23)259.

Monitoring and reporting of HD outcomes across 
the world
Monitoring and reporting of HD outcomes, as well as 
data sharing with the general public and wider research 
community, vary greatly between and within countries. 
In a systematic review of the scope and consistency of 
outcomes reported in 362 RCTs conducted in adults 
receiving HD, the five most commonly reported out-
come domains were unvalidated surrogate outcomes 
(for example, serum phosphate concentration, dialysis 
adequacy, anaemia, markers of inflammation and/or 
oxidative stress, and serum calcium concentration), 
whereas clinical outcomes such as mortality (20%) and 
CVD (12%), patient-reported outcomes such as qual-
ity of life (9%), and fatigue or energy levels (10%), were 
reported much less frequently17. Most outcome domains 
(60%) had >10 different outcome measures, which in 
general had variable definitions, methods of aggregation, 
metrics and time frames of measurement17. Similarly, 
monitoring and reporting of surrogate outcomes (such 
as small solute clearance, haemoglobin level, blood 
pressure and bone mineral markers) were considerably 
more common than that of clinical outcomes (patient 
and technique survival) or patient-reported outcomes in 
HD clinical practice around the world14 (Fig. 4). A review 
of outcome data from 48 registries around the world 
revealed that only 66% had available data on mortality, 
survival, hospitalizations or complications, whereas the 

majority reported some form of laboratory-based data41. 
This variation in the choice and frequency with which 
HD indicators are monitored and reported is affected 
by country income level. For example, most HICs meas-
ure and report small solute clearance (87%) and bone 
mineral markers (85%) almost all of the time, but only 
a minority of low-income countries (28% and 17%, 
respectively) have the capacity to report these mark-
ers in a consistent manner14. This difference widens 
when considering technique and patient survival, or 
patient-reported outcomes14.

Kidney registries have a key role in capturing varia-
tions in patient outcomes at a local, regional or national 
level that help to evaluate the safety and quality of patient 
care and facilitate the integration of evidence-based 
guidelines into individual treatment sites. Registries can 
also facilitate the conduct of pragmatic RCTs by provid-
ing a platform for case records, data collection, random-
ization and follow-up. Unsurprisingly, the International 
Society of Nephrology Global Kidney Health Atlas sur-
vey showed that only 66% of countries had dialysis reg-
istries; prevalence varied according to country income 
(86% for HICs, 76% for UMICs, 51% for LMICs and 
18% for LICs)260. Consequently, substantial knowledge 
gaps exist in how dialysis outcomes are monitored and 
accounted for in lower income regions of the world.

Although practice differences between individual units 
explain much of the variability in HD outcome monitor-
ing and reporting, the availability of robust health infor-
mation systems — from facility databases to national 
registries — that are capable of measuring and reporting 
on quality dialysis indicators is an important limiting 
factor in many parts of the world260. This widespread 
under-capturing, and incomplete and inconsistent report-
ing of patient-important HD outcome measures represents 
a substantial barrier to continuous quality improvement 
in HD and prevents benchmarking comparisons of out-
comes between units, centres and regions. To ensure that 
every patient has access to equitable, high-quality dialysis 
care that directly addresses their physical, psychological 
and lifestyle needs, routine monitoring and reporting of 
facility outcomes and patient-centred care are needed. At 
a minimum, these parameters should include patient data 

0% 1–10% 11–50% 51–75% > 75%

Patient-reported outcome measures

Blood pressure

Small solute clearance

Haemoglobin or haematocrit

Bone mineral markers

Technique survival

Patient survival

0 10 20 30 40 50 60 70 80 90 100

% of countries

% of monitoring centres within a country:

Fig. 4 | Haemodialysis quality indicators monitored and reported in 144 countries. The figure depicts data from the Global 
Kidney Health Atlas with 144 countries contributing data on reporting HD quality-of-care metrics. This reporting was assessed 
by examining the percentage proportion of centres (in each participating country) that routinely monitored and reported 
the outcomes or parameters (patient-reported outcome measures, blood pressure, small solute clearance, haemoglobin 
or haematocrit, and technique and patient survival) in a country. Adapted with permission from Htay et al.14, Elsevier.

Hub and spoke model
A distribution method in  
which a centralized ‘hub’  
(for example, a large HD unit  
in a tertiary centre, with a 
complete set of resources  
and personnel) supports other 
smaller units (most commonly 
at remote sites, virtually  
and/or via outreach visits  
by nephrologists and other 
health professionals, including 
dietitians and nurse educators).
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pertaining to the five SONG-HD core outcomes (that is, 
vascular access problems, dialysis adequacy, fatigue, CVD 
and mortality110) alongside other important process of 
care metrics, such as quality of communications and car-
ing by physicians and nurses, and quality of dialysis cen-
tre care and operations, as outlined in the various dialysis 
guidelines and reviews261. Finally, regular monitoring of 
patient-reported outcomes and experience measures, such 
as HR-QOL, is crucial to identifying and understanding 
what is directly relevant to patients and their caregivers262.

Conclusions
HD is the dominant form of dialysis worldwide. 
Although substantial improvements have been observed 
in HD delivery and outcomes over the last decade, 
patients receiving this treatment still experience poor 
quality of life and their symptom, financial, morbidity 
and mortality burdens are unacceptably high (Table 1). 
Moreover, the outcomes of patients on HD are variably 
monitored and reported, and are highly heterogeneous 
between regions, countries, centres and different seg-
ments of the population. Potential reasons for variations 
in reported outcomes include the use of variable out-
come definitions, variable practices and disparities in the 
health care provided to vulnerable and disadvantaged 
populations (including First Nations peoples and people 
at the extremes of age).

Across the globe, variability in the outcomes reported 
for patients treated with HD has multiple causes and is 
mostly influenced by the different approaches to outcome 
definitions (for example, hospitalizations or infection 
rates might be defined and/or reported differently across 
settings), population heterogeneity (for example, age, sex, 
race and comorbid illness burden), health system factors 
(for example, organization of care delivery and mech-
anisms, funding structures, health information system 
availability, policy regarding dialysis modality selection 
and workforce), competing risks that affect patient attri-
tion and survival on HD (for example, high transplantation  
rates will lead to a proportionally less healthy cohort 
remaining on HD) and also variations across settings 
regarding clinical practice culture (for example, HD cath-
eter use and infection control protocols) within and across 
countries. These stem from a lack of globally accepted 
standards and/or benchmarks (and tools to collate the data 
in the form of registries), which complicates the compar-
isons of data concerning quality standards for HD across 
settings within countries and regionally. The establishment 
of kidney registries that collect a variety of clinical and 
patient-reported outcomes using harmonized definitions 
is therefore crucial to improve the outcomes of people on 
HD and to achieve continuous quality improvement.
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