
Future Healthcare Journal 12 (2025) 100236 

Contents lists available at ScienceDirect 

Future Healthcare Journal 

journal homepage: https://www.sciencedirect.com/journal/future-healthcare-journal 

Climate Health Emergency: Medicine 2050 

The future of nephrology in 2050 

Melanie MY Chan 

a , ∗ , Omid Sadeghi-Alavijeh 

b , Rhys DR Evans b , Andrew Davenport b , 

Dorothea Nitsch 

c 

a MRC Laboratory of Medical Sciences, Imperial College London, London, UK 
b UCL Centre for Kidney and Bladder Health, University College London, London, UK 
c Department of Non-communicable Disease Epidemiology, London School of Hygiene and Tropical Medicine, London, UK 

a r t i c l e i n f o 

Keywords: 

Chronic kidney disease 

Dialysis 

Transplant 

Genomics 

Renal 

a b s t r a c t 

As medicine advances at an unprecedented pace, the field of nephrology is poised for transformative change. By 

2050, breakthroughs in kidney disease prevention, dialysis, transplantation, and omics-driven precision medicine 

could redefine patient care and outcomes. Here, we share our perspectives on the challenges faced and how 

changes in health policy, emerging technologies, novel therapies, and data-driven approaches might shape the 

future of nephrology. From innovative dialysis solutions to xenotransplantation and AI-powered diagnostics, we 

explore the possibilities that could revolutionise kidney health in the decades to come. 
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revention of kidney disease 

In 2025, policy makers realised that unless there was an early inter-

ention for the 30% overweight or obese school children, there would

e a tsunami of middle-aged adults with multimorbidity overwhelming

he NHS, including insulin-resistant diabetes and kidney disease ( Fig. 1 ).

his is why in 2050 it is considered most cost-effective to treat obesity

n young people with school-based screening / early interventions in-

luding weight loss drugs, 1 and to have a population-wide screening

nd intervention programme to find and reverse type 2 diabetes with

oderate calorie restriction, exercise and SLGT2i treatment. 2 

In 2050, the government has invested in more health education at

chools and fully funded healthy school meals for all children to pre-

ent chronic disease later in life. Tobacco products are illegal, and to-

acco companies are still paying out for smoking-related health dam-

ge. Tobacco products have lost appeal for young people, similar to

hat happened decades ago with regards to alcohol, which was seen

s ‘uncool’. Alcohol-containing products are more difficult to sell com-

ared to healthier alcohol-free versions, as those have less impact on

ody weight. Young obese women are aware that they need to opti-

ise their overall health before getting pregnant, reducing the risk of

re-eclampsia and gestational diabetes. All women will have access to

ealth visitors and social support during pregnancy, similar to the type

f support that families with young children receive, and the burden of

irths with congenital disease related to diabetes in pregnancy, prema-

ure births, and low birth weight has halved compared to 2025. 
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Working-age staff will be an increasingly scarce resource and staff

ecruitment costs a driver of inflation. Hence, policy makers will have

olled out aggressive prevention programmes, and childcare support to

eep people working. People with learning disabilities and severe men-

al health problems are most likely to have cardiovascular and kidney

roblems, and receive access to workplace coaching, adequate adjust-

ents for their needs at work, and personalised exercise coaching that

s integrated with their mental health support. Because the economic

utput is measured in a circular fashion, the economic contribution of

aring jobs is appropriately remunerated, now representing a significant

art of the UK’s GDP, and being a sector that artificial intelligence (AI)

annot effectively replace. There are fewer ‘nursing homes’ and more

care at home’ facilities in large co-housing communities of older res-

dents sharing with students near hospital facilities. Older people who

annot cook for themselves receive ‘meals on wheels’, which are tailored

o their needs in terms of diabetes, heart failure and chronic kidney dis-

ase (CKD) with known carbohydrate load (to allow dosing of medica-

ion) and low salt content to prevent nutrition-related admissions. 

In 2050, the one-third of middle-aged adults who had grown up in

ignificant poverty may unfortunately struggle with their mental health,

ccessing the diabetes treatment reversal programme, and maintaining

eight loss, which means that many require permanent GLP-1 agonist

herapy to prevent worsening of their established multimorbidity. Be-

ause of aggressive prevention and treatment of kidney disease, dialysis

ates in 2050 are similar to 2025. Approximately 20% of the population

ive with CKD, with 10% being GLP-1 agonist-dependent patients whose
sent the policy of the Royal College of Physicians unless specifically stated. 
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Fig. 1. Conceptual diagram of common population-based risk factors for initial kidney damage and contributors for kidney disease progression. Purple arrows (risk 

factors for pre-birth kidney damage) and red arrows (risk factors for kidney damage in later life) highlight primary prevention pathways; secondary prevention of 

delaying kidney disease progression is highlighted by orange arrows. 
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rogression of kidney disease has been halted but not reversed, and

he other 10% frail older community-dwelling adults who have opted

gainst dialysis. Both groups are at significant risk of acute kidney in-

ury, and are prioritised for vaccination to prevent seasonal infections

nd against all pandemic strain viruses, which tend to occur every few

ears. There will be extra housing support for homes, with adequate

ooling/heating facilities and adequate ventilation for people with ad-

anced CKD to prevent climate-related hospital admissions. 

Many of the working-age CKD patients will have many practical chal-

enges to solve: apart from maintaining their job, supporting their chil-

ren who cannot afford to leave the parental home due to high housing

osts in urban areas, they need to organise care and support for their

lder family members with CKD, many of whom live in coastal areas.

his is why in 2050, after decade-long campaigning by patient charities,

here is a social service support bursary for affected families to receive

imely social care support. 

ialysis 

The number of people with CKD continues to increase worldwide,

nd although newer treatments and targeted health policies may help

etard the progression to end-stage kidney disease (ESKD), it is expected

hat the number of patients requiring treatment for ESKD will continue

o increase. Although kidney transplantation would be the most prefer-

ble treatment, unless alternatives to cadaveric or living-donor solid or-

an transplantation can be developed as discussed below, then due to

ultural and religious mores, the majority of patients with ESKD will

equire some form of dialysis treatment. Although dialysis using ex-

hange with the gastrointestinal tract has been tried, patients are cur-

ently treated with peritoneal dialysis (PD) using exchanges between

ialysate instilled into the peritoneal cavity and the gastrointestinal and

eritoneal vasculature, and haemodialysis (HD) with clearance of waste

roducts of metabolism as blood is passed through an extracorporeal

ircuit. 
1  

2

Both PD and HD require single passage of dialysates and generate

arge amounts of medical plastic wastes that currently cannot be recy-

led. As such, the first key question is whether the amount of water

equired for dialysis can be reduced, as the environmental impact of ex-

essive water consumption has been highlighted. To reduce the amount

f water required to produce dialysate, then recycling of the dialysate

s required. Several groups are currently working on dialysis treatments

sing sorbents, which could refresh waste dialysate, and allow recycling

f dialysate. These include both portable wearable haemodialysis and

eritoneal treatments, designed to be worn continuously. These devices

ncluding the WAK and AWAK have currently undergone proof of con-

ept clinical trials and are expected to be developed into devices avail-

ble for routine clinical practice for suitable patients. Although these

evices would have a major impact on reducing the carbon footprint of

ialysis treatments, and require fewer trained staff to support patients,

hese newer developments will not be suitable for all patients. 

Currently PD patients require delivery of litres of fresh dialysate

ackaged in plastic bags. Developments have led to the possibility of

D patients generating fresh dialysate in their own homes from the do-

estic water supply, so reducing carbon emissions in terms of the man-

facture of plastics, transport and waste disposal. Haemodialysis utilises

omestic water, which is then passed through water softeners, carbon

ltration and reverse osmosis systems to provide dialysate-quality wa-

er. As such, a substantial volume of water is rejected and not used for

he dialysis treatment. Improvements in water treatment technology and

ecycling the water initially rejected will reduce the amount of water

iscarded for dialysis treatments. Similarly, improvements in the de-

ign of dialysers improving the respective counter current flow of blood

nd dialysate, and so maximising diffusional clearance, has reduced the

ecessary dialysate flow to achieve the effective clearance of uraemic

olutes, so dialysate flows of 700 mL/min are no longer required. Ad-

ances in dialysis machine technology have led to a newer generation

f machines which link dialysate flow to blood flow, so that flows of

.5:1.0 in HD mode and 1.2:1.0 in haemodiafiltration (HDF) mode are
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ow in clinical practice, and over time even lower dialysate flows are

nticipated. HD treatments mix dialysis-quality water, acid concentrate

nd bicarbonate. Although dialysis centres produce dialysis-quality wa-

er on site, most centres then rely on external deliveries of plastic cannis-

ers containing acid concentrate and bags of bicarbonate powder, which

re then mixed by the dialysis machine. Newer developments allow the

roduction of the final dialysate in the dialysis centre by mixing pow-

ered acid concentrate and bicarbonate with water, so reducing plastic

ackaging, transport and waste disposal. Unless there are substantial ad-

ances in polymer technology, it is unlikely that biodegradable plastics

ould be suitable for dialysis treatments, as these would have to with-

tand sterilisation processes and yet retain sufficient tensile strength to

ithstand the pressures generated within the dialysis circuit. 

Currently dialysis treatments are targeted at removing water-soluble

raemic toxins. However, experimental data suggest that protein-bound

oxins increase the risk of cardiovascular disease, the major cause of

ortality for patients with ESKD. As such, there has been interest in

eveloping sorbent technology to increase the removal of these protein-

ound toxins. All the prototype wearable PD and HD devices include sor-

ents and so are effective in removing these toxins. As for standard HD

nd HDF treatments, there are two options: firstly adding a sorbent into

he dialyser membrane or including an additional sorbent monolith into

he HD or PD circuit. However, as most of these toxins are produced by

etabolism from colonic bacteria, then alternative approaches include

sing oral sorbents to bind these toxins in the gastrointestinal tract or

o change the colonic microbiome by changes in diet and the use of pro-

iotics. In terms of healthcare economics, the combinations of dietary

odification, use of oral sorbents and probiotics would be expected to

lay a greater additional role in reducing the amounts of protein-bound

oxic solutes required to be cleared by either PD or HD/HDF. 

ransplantation 

ransplant volume and recipient characteristics 

Predominantly due to an aging and comorbid population, the preva-

ence of ESKD is predicted to rise sharply over the coming decade. A

ecent report from Kidney Research UK framing kidney disease as a

public health emergency’ suggests that the demand for transplantation

ould be as high as 12,000 per year by 2033. 3 This represents a four-

old increase on current transplant activity, 4 and if this rate of rise con-

inues, around 200,000 kidney transplants per year will be needed to

eet demand by 2050. Trends in recipient demographics will likely con-

inue, with increasingly older patients transplanted, and novel infras-

ructure will need to be developed to cope with the increased demand.

ransplant nephrology will become its own specialty separate from gen-

ral nephrology, and dedicated transplant hospitals will need to be

uilt. 

onor characteristics 

Given this increased demand, every effort will be needed to expand

he donor pool. Transplantation will be at the forefront of the political

ealthcare agenda, and national awareness schemes will result in a rise

n donation rates. In the setting of a worsening climate crisis, healthcare

ystems will incentivise transplantation given its environmental benefit,

nd reimbursement will be significantly greater than that received for

ialysis. Novel interventions, primarily targeting donor cardiometabolic

isk, will facilitate living donation, and interventions pre- and post-

etrieval will permit the use of kidneys from older and more comorbid

eceased donors. These interventions, and subsequent organ retrieval,

ill occur in dedicated organ recovery centres, as already happens in

ome US states. 5 Use of machine perfusion technology will become rou-

ine, and post-retrieval organ modification will be undertaken, as has

ecently been shown possible to alter blood group. 6 
3

enotransplantation 

However, other species will be needed to cope with the surge in

ransplant demand. Significant advances have recently been made in

he field of xenotransplantation, with gene editing technology permit-

ing the use of pig kidneys in human recipients. This was initially under-

aken in brain-dead recipients, 7–10 but more recently a porcine kidney

as transplanted into a living human recipient in a landmark moment

or kidney transplantation in the USA. 11 Histological guidelines for re-

ection in xenotransplantation are under consideration and research re-

ains active in the field. Xenotransplantation will become a realistic

ption for patients who are difficult to transplant, albeit longer-term

utcomes using porcine kidneys will likely remain inferior to their hu-

an counterparts. 

rgan allocation, immunosuppression and cell therapies 

While short-term outcomes in kidney transplantation have signifi-

antly improved, largely the result of calcineurin inhibitor use and re-

uced acute rejection rates, there have been more modest advances in

onger-term graft outcomes. Chronic alloimmune injury is the major

ontributor to graft loss, with current immunosuppression ineffective

n its prevention and treatment. Mismatches in human leucocyte anti-

ens (HLAs) are important drivers of this alloimmune response, and cur-

ent allocation algorithms include points for HLA matching at a crude

evel. HLA matching is now possible at the molecular level 12 and HLA

pitope matching will be incorporated into allocation schemes. HLA-

ncompatible transplantation will be facilitated by drugs targeting pre-

ormed circulating HLA antibodies (already in routine use in other coun-

ries) 13 alongside novel agents to target the underlying B and NK cell

esponse. 14 However, increasingly patients will be able to rid themselves

f immunosuppression altogether and the unwanted pill burden and side

ffects associated with traditional regimens. This will be made possible

hrough the development of cell therapies, with non-specific 15 , 16 and

ntigen-specific 17 regulatory cell therapies already tested in clinical tri-

ls. 

recision medicine techniques post-transplant 

Transplant follow-up will become predominantly patient initiated

ith wearable healthcare devices and point-of-care home testing be-

oming the norm. Clinical variables will be fed into centralised com-

uter systems and AI-enabled algorithms will alert patients and clini-

ians of need for intervention. Standard biomarkers such as creatinine

nd proteinuria will be supported by more novel biomarkers, such as

onor-derived cell-free DNA, urinary chemokines and gene expression

rofiles, already recommended by European guidelines. 18 , 19 Graft pre-

iction systems, such as the iBox, 20 will be increasingly used in routine

linical practice and current histological analyses of transplant biop-

ies will be supported by transcriptomic analyses, already adopted by

he Banff classification system for antibody-mediated rejection. 21 Ulti-

ately, earlier detection of graft inflammation with more precise diag-

osis of graft injury alongside better treatments will mean transplants

ay routinely last over 30 years. 

ersonalised kidney medicine 

arly detection and risk stratification 

By 2050, whole genome sequencing (WGS) is expected to become

 routine part of neonatal care with a pilot study screening newborn

abies for rare inherited disorders, including Alport syndrome, already

nderway. 22 WGS will expand to pre-implantation embryo and ante-

atal settings, enabling the identification (and potential correction) of

are monogenic kidney diseases (eg autosomal dominant polycystic kid-

ey disease; ADPKD) in utero . In addition, whole-genome risk predic-
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Fig. 2. The future of renal genomics and precision medicine across the life course. WGS, whole genome sequencing; PRS, polygenic risk score; miRNAs, micro RNAs; 

ADPKD, autosomal dominant polycystic kidney disease; HLA, human leucocyte antigen. Created in BioRender https://BioRender.com/k41l084 . 
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ion using polygenic scores 23 for common kidney diseases, such as IgA

ephropathy, and incorporating APOL1 renal risk variants would iden-

ify those at highest risk of developing kidney disease and guide targeted

creening and early intervention from birth ( Fig. 2 ). A robust and com-

rehensive regulatory framework will, however, be essential to address

he myriad of ethical issues raised including the use of predictive ge-

omic information to inform reproductive decision-making (so called

designer babies’) and to ensure equitable access to these new technolo-

ies to prevent worsening health disparities. 

Driven by the boom in wearable health technology, the ease of multi-

mic profiling and the ability for molecular signatures to improve pre-

iction of common and rare disease; 24 continuous biomarker monitor-

ng through wearable devices will integrate multiple molecular outputs,

uch as the entire circulating proteome or metabolome, to monitor for

arly signs of kidney disease. 25 This will enable better understanding of

he role that one’s environment has on genetic risk and disease physiol-

gy. 

dvanced diagnostics and targeted treatments 

High-resolution spatial transcriptomics and proteomics (mapping

enes and proteins within the spatial context of a tissue) will become

ntegrated into digital pathology workflows. Identification of inflamma-

ory or fibrotic microenvironments with specific molecular signatures

ill improve prognostication 26 and enable therapies targeted at the un-

erlying disease mechanism, leveraging pharmacogenomics to optimise

rug therapy, minimise adverse effects and maximise efficacy. In trans-

lantation, spatial omics will enhance the detection of subclinical rejec-

ion or chronic allograft dysfunction, enabling timely interventions and

mproving graft survival. 
4

Gene therapy, targeted specifically at the kidney cell type of inter-

st, will be used to treat genetic diseases such as congenital nephrotic

yndrome. 27 The scope of therapeutic small interfering RNAs (siRNAs)

nd antisense oligonucleotides (which modulate gene expression) will

xpand beyond hereditary transthyretin-mediated amyloidosis and pri-

ary hyperoxaluria to APOL1-mediated kidney disease, IgA nephropa-

hy and other complement-mediated kidney diseases. Meanwhile, break-

hroughs in CRISPR-based gene editing therapies, such as the recently

pproved Casgevy for sickle-cell disease and beta thalassaemia, 28 will

pen avenues for the development of curative therapies for monogenic

isorders like ADPKD and Alport syndrome by 2050. 

ig data 

Central to these advances will be advanced AI algorithms to analyse

enerated data as well as cloud-based storage solutions allowing rapid

ata access globally. Iterative machine learning algorithms will ‘churn’

ver the data, refining and customising prediction models as new infor-

ation is added. 29 Personalised models will incorporate each patient’s

nique genomic and biomarker profiles, alongside lifestyle and environ-

ental factors, enabling precise, proactive management strategies. 

The sheer volume of personal data from genomics, multi-omics and

igital health technologies has made true anonymity impossible. Even

eidentified data can be reidentified through cross-referencing. 30 This

ecessitates international collaboration to establish unified regulations

n the permissible uses of individual-level data. Legislators must bal-

nce innovation with ethical safeguards, defining clear limitations on

ata sharing, robust consent mechanisms, and protection against dis-

rimination. Transparency is key – individuals should have control over

heir data and understand its use. A global framework is essential to

https://BioRender.com/k41l084
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rotect privacy, foster trust, and responsibly harness data for scientific

dvancement and preventative medicine. 
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