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ABSTRACT

Chronic kidney disease prevalence is increasing worldwide and is responsible for important morbidity, mortality and poor quality of life.
Progression to end stage renal disease leads to major sustainability burden with high consumption of human and material resources. Hemo-
dialysis particularly is associated with high rates of water consumption, waste production and greenhouse gas emissions. The nephrology
community is gaining environmental awareness and several international societies are creating specific groups focusing on green nephrology.
The first concerns are centered in the impact of hemodialysis, but it is unanimous that chronic kidney disease prevention and delayed progres-
sion are the most important measures to sustainability. New drug classes such as SGLT-2 inhibitors, selective mineralocorticoid receptors
antagonists and GLP-1 analogues are revolutionizing the treatment of proteinuric and non-proteinuric chronic kidney disease. Large randomized
clinical trials have proved strong and sustained benefits in renal and cardiovascular outcomes, and these drugs are now first and second-line
therapy for the treatment of diabetic and non-diabetic kidney disease. In this mini-review article we explore the prevalence of chronic kidney
disease, its environmental impact and resume the major strategies to prevent and delay its progression, including recent evidence on phar-
macotherapy. Implementing prevention strategies and adopting environmentally-friendly practices, is the key to a better patient care and a
greener nephrology.
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INTRODUCTION development of new drugs to slow the progression of CKD. We review
the most relevant measures of CKD prevention and the recent drugs
with a proven effect on slowing CKD, combining benefits for the

patients and our planet.

Chronic kidney disease (CKD) is a progressive and irreversible
condition, defined by functional and/or structural damage for at
least three months, with implications for health.! It is a global health
priority that ranks ninth-leading cause of death in high income coun-
tries and accounts for one of the most prevalent diseases, estimated
to affect approximately 10% of adults worldwide.23 Furthermore,

CHRONIC KIDNEY DISEASE PREVALENCE

it is responsible for a major environmental burden with high con-
sumption of human and material resources, water, waste production,
and greenhouse gas emissions.2 Growing environmental concerns
have captured the attention of the nephrology community, leading
to several international societies to organize and focus on a sustain-
able “green nephrology”. The first steps being taken on the pathway
to sustainability are centered in reducing the environmental impact
of hemodialysis (HD), but it is unanimous that CKD prevention and
delayed progression is the most important measure to a greener
nephrology.* The last decade was particularly important in the
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CKD constitutes a major public health concern and a predisposing
factor for cardiovascular (CV) disease, which collectively present a
considerable burden of morbidity and mortality.” It is estimated that
the global prevalence of CKD varies from 9% to 13%, and considering
the increasing ageing of world population, as well as the growing
incidence of CKD risk factors, the prevalence of end-stage kidney dis-
ease (ESKD) will exponentially increase in the coming decades.®®

In Portugal, three important population studies were conducted
to assess the prevalence of CKD. The PREVEDIAB study, published
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in 2011, estimated a prevalence of CKD stage 3-5 of 6.1%. Despite
its major importance as the first CKD prevalence study in Portugal,
it did not consider the temporal criteria for CKD definition and
excluded patients older than 79 years-old.? In order to overcome
its limitations, the same authors published in 2020 the RENA study,
that included 3135 users of primary health care units, and esti-
mated a CKD prevalence of 20.9%. Yet, this markedly high rate
might be a result of selection bias.1® The most recent study, that
included a very large cohort of 136 993 individuals, found an
estimated prevalence of 9.8%, slightly higher than European preva-
lence rates (~7%). In this cross-section study, CKD was defined
according to KDIGO guidelines and there was no upper age limit
of inclusion. Furthermore, the sample size was robust and not
affected by non-response bias, strengthening the validity of the
estimated prevalence.1?

The knowledge of the real prevalence of CKD in Portugal is extreme-
ly important given the aberrant prevalence of ESKD in Portugal. In
fact, Portugal exhibits one of the highest incidence and prevalence
rates of patients under dialysis treatment in Europe and world-
wide.1212 The slightly higher prevalence of stage 3-5 CKD is not the
only culprit. Portugal is on the European podium of salt intake, sed-
entarism and type 2 diabetes mellitus (T2DM), our population is one
of the oldest in Europe and there is an easy access to HD, all important
contributors for these striking dialysis high rates.11,13.14

THE ENVIRONMENTAL IMPACT OF NEPHROLOGY

There is a bidirectional relationship between Nephrology and the
environment, as both are closely intertwined and influence one
another. Not only climate changes exert an impact on renal health,
but also the treatment of thereof, particularly HD, is accountable for
a significant ecological footprint.1> Global warming and heatwaves
increase the risk of dehydration and volume depletion, enhancing the
likelihood of acute kidney injury (AKI), acute-on-chronic kidney disease,
and stone formation. Flooding also contributes to spreading disease
vectors and water contamination, with higher risk of malaria, lepto-
spirosis, and hantavirus, which remain among the most prevalent
causes of AKI in tropical and developing countries.15-17

Although HD provides a life-saving treatment, it does have a high
rate of morbimortality, reduced health-related quality of life (QoL),
and entails high economic and environmental burden. % 18 In a single
4-hour dialysis session, approximately 120 L of water per patient are
used. In addition, the water purification process by reverse osmosis,
is often inefficient and wastes up to two-thirds of the total water
involved. When adding the volume needed to priming, rinsing and
sterilization, the total amount of water needed per patient counts up
to 500 L in a single session.}” Energy consumption, production of
toxins and pollutants, as well as the waste and trash generation from
consumables, are other contributing factors to the environmental
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impact of HD. These both directly and indirectly, lead to a significant
carbon footprint estimated to be seven times higher than the average
for healthcare facilities.1/19

The first and perhaps most impacting measure towards a greener
nephrology is to decreased the number of patients in need of renal
replacement therapy.l” There are several pharmacological and non-
pharmacological interventions to prevent and delay CKD that align
with primary, secondary and tertiary prevention (Fig. 1).

PRIMARY PREVENTION OF CKD

Primary prevention involves taking active measures to prevent the
onset of an illness. Diabetes and hypertension are the leading causes
of CKD in developed countries, therefore targeting obesity, smoking
cessation and alcohol consumption are part of the cornerstone of pre-
vention.23 Patients with established diabetes and hypertension should
be routinely followed-up, as blood pressure and glycemic control has
shown to prevent diabetic and hypertensive nephropathies.2°

Primary prevention efforts should involve education and awareness
campaigns for the general population, as well as public health
approaches to tackle lifestyle changes. Encouraging a healthier lifestyle
should cover physical activity and the consumption of plant-based
foods over meat, reduced sodium intake, more complex carbohydrates,
and less saturated fat.3 A healthier diet, decreasing meat consump-
tion, and more active lifestyle, promoting walking and cycling is also
more sustainable with significantly less CO2 gas emissions.?!

SECONDARY PREVENTION OF CKD
AND THE ROLE OF TELEMEDICINE

Secondary prevention relies on early detection of CKD, in order to
reduce the risk of adverse outcomes such as CKD progression to ESKD,
CV events, and increased mortality risk.3 The mass population screening
strategy has not demonstrated to be cost-effective and is not recom-
mended. The focus should be on high-risk groups, including patients
with diabetes, hypertension, family history of CKD, older age, and ethnic
minorities and includes the screening of both the estimation of glo-
merular filtration rate (eGFR) and the presence of albuminuria.2223

Unfortunately, early CKD detection is far from desirable. A recent
large cohort trial that included 2.4 million CKD patients from 11 coun-
tries, found an important gap between measured CKD and diagnosed
CKD. By analyzing laboratorial data from digital health care systems,
including eGFR and proteinuria, and using KDIGO criteria, the authors
found that 2/3 of patients with measured CKD, did not have an estab-
lished diagnosed of CKD on their medical process.®

Early CKD detection and secondary prevention relies mostly in
primary care units, and a close interaction between primary health
care and tertiary centers is the key to success. However, primary care
is not equally available to all population. This is particularly notable
in Portugal, where the estimated number of citizens without family
doctor exceeds one million, mostly affecting individuals residing in
the geographical area of Greater Lisbon, as well as in rural areas.?*
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Telemedicine is an emerging and effective alternative to decen-
tralization and might be a powerful weapon to improve general access
to medical care. It reduces waiting times and financial costs, provides
an improved articulation with primary care, and allows an easier con-
tact with remote areas.2> Telemedicine is also a sustainability asset
since the reduction in travel time translates into a decrease in CO2
emissions estimated between 0.70to 372 kg CO2 per consultation.2>26
A retrospective cohort study evaluated the effect of tele-nephrology
for 101 patients with CKD living in remote regions, and demonstrated
that its use resulted in successful optimization of blood pressure,
stabilization of eGFR and adequate control of electrolyte disturbanc-
es.27 Implementation of telemedicine may thus play a valuable tool
for CKD secondary prevention with significant ecological
advantages.

TERTIARY PREVENTION OF CKD

When CKD is established, the implementation of tertiary preven-
tion measures is crucial for declining CKD progression and treat CKD-
related complications.? For several years angiotensin converting
enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARB)
where the few drugs with a proven benefit in retarding CKD progres-
sion and still represent first line therapy for proteinuric and non pro-
teinuric CKD.Z In the last decade new pharmacological therapies are
arousing with promising results on delaying CKD progression and the
most recent guidelines from KDIGO, the American Society of Diabetes
and the European Heart Association include these new drugs as first
line therapy in CKD patients, with and without diabetes or heart fail-
ure.2830 Also, several advances have been made in the drugs offered
for CKD complications treatment, with a special focus on patients’
Qol.

B Angiotensin Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers

Hypertension is a major modifiable risk factor for the development
and progression of CKD and it is inherently to overactivity of the renin-
angiotensin system (RAS), promoting cellular injury, inflammation and
fibrosis.31

RAS inhibitors, including ACEl and ARBs, decrease systemic blood
pressure and promote vasodilation of renal efferent arterioles, result-
ing in eGFR reduction and lower intraglomerular pressure. This can
effectively reduce proteinuria and glomerular basement membrane
(GBM) damage, major mechanisms of CKD progression.32

Since the results of the RENAAL and the IDNT studies in 2001,
which demonstrated a reduction of approximately 15% in CKD pro-
gression compared to standard of care, RAS inhibitors have become
the cornerstone of treatment for proteinuric CKD and hypertensive
nephropathy.2233 The hemodynamic, pleiotropic, and antifibrotic
benefits of RAS inhibitors also translate in CV protection and have
shown to decrease all-cause mortality.3* Despite the existence of
multiple studies that prove the CV and renal benefits of RAS inhibitors,
these were conducted in early CKD stages and their efficacy in
advanced stages is less certain and under debate. Recently, a
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multi-center, randomized open-label trial enrolled 411 patients with
advanced and progressive CKD, and assessed renal outcomes after
RAS inhibitors discontinuation. RAS inhibitors withdrawal was not
associated with slower decrease of eGFR, so it may be reasonable to
maintain RAS inhibitors in advanced CKD stages.3® A larger cohort
analysis that included 10 400 patients with CKD 4-5 and T2DM, also
concluded that discontinuation of ACEl and ARB was associated with
increased risk of cardiovascular-renal events supporting their contin-
ued use in patients with advanced CKD.3®

B Sodium-Glucose Co-transporter 2 Inhibitors

The sodium-glucose co-transporter 2 (SGLT2) inhibitors are regard-
ed as a significant breakthrough in delaying CKD progression and
promote CV protection.3’

Although initially aimed for glycemic control in diabetic patients,
it was shown that the glucose-lowering effect, was only a fraction of
their overall therapeutic benefits.38 The increase in distal sodium
delivery to macula densa inhibits tubuloglomerular feedback, leading
to afferent arteriolar vasoconstriction, reduced hyperfiltration and
proteinuria. Furthermore, natriuresis provides a moderate reduction
in blood pressure, achieved even with lower eGFR levels.3% Additional
hypothetical pathways through which SGLT2 inhibitors may be benefi-
cial, include a reduction in proinflammatory and profibrotic mediators,
as well as prevention of hypoxic damage by a reduction in oxygen
demand.3839

Several trials have assessed the clinical effects of SGLT2 inhibitors
(Table 1).

Cardiovascular outcome trials of empagliflozin (EMPA-REG OUT-
COME), canagliflozin (CANVAS), dapagliflozin (DECLARE-TIMI 58) and

Table 1

Kidney outcomes in clinical studies with SGLT-2 inhibitors

ertugliflozin (VERTIS-CV), have demonstrated a reduction of major
CV events, mortality and hospitalization due to heart failure in dia-
betic patients with arteriosclerotic CV disease.3%49-43 Upon conduct-
ing secondary and exploratory analysis of these trials, a benefit in
patients with kidney disease has been brought into focus, revealing
up to 40% reduction in the risk of progression of kidney dis-
ease.394043 The CREDENCE trial was the first double-blinded,
placebo-controlled randomized controlled trial that evaluated cana-
gliflozin effects on albuminuric CKD and T2DM patients.** The trial
was prematurely stopped as a planned interim analysis demonstrated
clear effectiveness for the primary outcome, with 30% reduction in
the composite risk for ESKD, doubling of the serum creatinine level
from baseline, or mortality from renal or CV disease.** Later, dapa-
gliflozin was evaluated in DAPA-CKD trial, which also included patients
with albuminuric CKD, with or without T2DM, on maximal tolerated
RAS inhibitors. This trial was also stopped earlier due to the efficacy
regardless the presence or absence of T2DM, demonstrating a sig-
nificant risk reduction in the decline of eGFR, ESKD, and mortality
due to renal or CV causes.*> More recently, empagliflozin was evalu-
ated in EMPA-KIDNEY trial, a randomized double-blinded placebo-
controlled trial, that enrolled diabetic and non-diabetic patients with
lower eGFR compared to the two previous renal studies. This study
demonstrated a 28% reduction in progression of CKD or CV death,
irrespective of the presence of T2DM.46

The benefits of SGLT2 inhibitors have been proven consistently in
several large randomized clinical trials. They have showed more effec-
tive renal protection when compared to ACE inhibitors and ARBs, with
areduction of approximately 40% in CKD progression versus 15%-18%,
with less hospitalizations due to hyperkalemia and AKI.2533 Thus,
SGLT-2 inhibitors represent a powerful weapon in decreasing the
prevalence of ESKD, preventing hospitalizations and decreasing CV
comorbidity and consequently, they might be a key-factor to sustain-
able nephrology.

Name Year Population Agent Renal outcomes (HR, [95% Cl])

CANVAS 2017 | e N=10142 Canagliflozin | e Alouminuria progression HR=0.73 [0.67-0.79]
* T2DM and high CV risk * >40% eGFR decrease, ESKD or renal related death HR=0.60 [0.47-0.77]
¢ Mean eGFR=76 mL/min

DECLARE-TIMI 2019 | ¢ N=17160 Dapaglifiozin | e ESKD HR=0.31 [0.13-0.79]
¢ T2DM t atherosclerotic cardiovascular disease * >40% eGFR decrease, ESKD or renal related death HR=0.53 [0.43-0.66)
¢ Mean eGFR=85 mL/min

CREDENCE 2019 | e N=4401 Canagliflozin | e Screat doubling, ESKD, renal related death HR=0.66 [0.53-0.81]
¢ T2DM and CKD
¢ Mean eGFR=56 mL/min

DAPA-CKD 2021 | e N=4304 Dapagliflozin | ¢ >50% eGFR decrease, ESKD, renal related death HR=0.56 [0.45-0.68]
e Proteinuric CKD + T2DM
¢ Mean eGFR=43 mL/min

EMPA-KIDNEY 2023 | ¢ N=6609 Empaglifiozin |  240% eGFR decrease, ESKD, renal related death HR=0.72 [0.64-0.82]
© CKD at risk of progression
¢ Mean eGFR=37.5 mL/min

Cl - confidence interval; CKD — chronic kidney disease; HR — hazard ratio; CV — cardiovascular; eGFR — estimated glomerular filtration rate; ESKD — end stage kidney disease; T2DM-type 2 diabetes mellitus.
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H Mineralcorticoid Receptor Antagonists

Mineralocorticoid receptors hyperactivation leads to the expression
of pro-inflammatory and pro-fibrotic genes that ultimately culminate
in CKD and heart failure (HF).3347 A meta-analysis conducted in 2016
that evaluated the use of spironolactone or eplerenone in combination
with RAS inhibitors, reported a 38.7% reduction in albuminuria com-
pared to RAS inhibitors in monotherapy, but a significant decrease
eGFR and a threefold increased risk of withdrawal due to hyper-
kalemia.*® Non-steroidal mineralocorticoid receptor selective antago-
nists, such as finerenone, have recently emerged has a safer and effec-
tive alternative. Its molecular structure is less lipophilic, allowing a
homogeneous distribution between the kidney and the heart, they
have a shorter half-life, no active metabolites and less side-effects.*®

Two large randomized controlled trials evaluated the efficacy of
finerenone in individuals with T2DM and CKD. The FIDELIO-DKD studied
the role of finerenone on renal endpoints (ESKD, a sustained decrease
of 240% in the eGFR from baseline, or death from renal causes) in
patients with stage 3-4 CKD and albuminuria>300 mg/g. It revealed
areduction in the primary renal endpoints and also a significant reduc-
tion in CV events.>9 FIGARO-DKD, included T2DM patients with stage
2-4 CKD and moderately increased albuminuria or stage 1-2 CKD with
severely increased albuminuria and showed an overall improvement
in CV outcomes when compared to placebo.> A polled analysis from
FIDELIO-DKD and FIGARO-DKD, the FIDELITY study found a relative
risk reduction of 14% for the composite outcome: time to CV death,
non-fatal MI, non-fatal stroke or HHF and 23% risk reduction for the
composite kidney outcome: 257% decline in eGFR, time to kidney
failure or renal death in CKD diabetic patients.>2 Finenerone became
part of the standard care in diabetic CKD patients, after RAS inhibitors
at maximum tolerated dose and SGLT-2 inhibitors if normal potassium
levels are maintained.2®

H GLP-1 Receptor Agonists

Glucagon-like peptide 1 receptor agonists (GLP-1 RA) activate GLP-1
receptors on pancreatic beta-cells, enhancing insulin release and sup-
pressing glucagon secretion and consequently lowering glucose levels.
GLP-1 RA also slow gastric emptying, increase satiety and decrease
appetite, making them an effective and available therapeutic option
for weight loss.2%:53

A 2021 meta-analysis that included T2DM and high CV risk patients,
showed that GLP-1RA reduced the risk of non-fatal Ml, non-fatal stroke,
and CV death by 14%, and the risk of all-cause death by 12%. Regard-
ing renal protection, there was a 21% reduction in the composite
outcome of development of severely increase albuminuria, decline
in kidney function, ESKD and death due to renal causes.>* This evidence
placed GLP-1 RA as a second line agent in recent clinical guidelines,
to improve glycemic control and decrease CV risk, in patients with
CKD and T2DM beyond metformin and SGLT2i treatment.2® Neverthe-
less, the evidence available in real outcomes is still derived from sec-
ondary outcome analysis. The ongoing FLOW trial that compares
semaglutide versus placebo, aims to assess primary kidney outcomes
in subjects with T2DM and CKD, and may further clarify the role of
GLP-1RA in CKD.>>
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CONCLUSION

Improving patient care whilst reducing environmental burden
requires a holistic approach that includes prevention on its core.
Increasing awareness about CKD, promoting healthy lifestyles and
early detection, are crucial to prevent and delay CKD progression.
Furthermore, new pharmacotherapies are able to prolong dialysis-free
time and achieve highest QoL and survival. Implementing prevention
strategies and adopting environmentally-friendly practices, is the key
to a better patient care and a healthier planet.

References

-

* Lameire NH, Levin A, Kellum JA, Cheung M, Jadoul M, Winkelmayer WC, et al. Harmonizing acute
and chronic kidney disease definition and classification: report of a Kidney Disease: Improving
Global Outcomes (KDIGO) Consensus Conference. Kidney Int. 2021;100:516-26. doi: 10.1016/j.
kint.2021.06.028.

+ Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney disease. Lancet.
2021;398:786-802. doi: 10.1016/50140-6736(21)00519-5.

* Luyckx VA, Cherney DZI, Bello AK. Preventing CKD in Developed Countries. Kidney Int Rep.
2019;5:263-77. doi: 10.1016/j.ekir.2019.12.003. Erratum in: Kidney Int Rep. 2020;5:758.

* Vanholder R, Agar J, Braks M, Gallego D, Gerritsen KG, Harber M, et al. The European Green Deal
and nephrology: a call for action by the European Kidney Health Alliance. Nephrol Dial Transplant.
2023;38:1080-8. doi: 10.1093/ndt/gfac160.

- Glassock RJ, Warnock DG, Delanaye P. The global burden of chronic kidney disease: estimates,
variability and pitfalls. Nat Rev Nephrol. 2017;13:104-14. doi: 10.1038/nrneph.2016.163.

* Sundstrom J, Bodegard J, Bollmann A, Vervloet MG, Mark PB, Karasik A, et al. Prevalence, out-
comes, and cost of chronic kidney disease in a contemporary population of 2-4 million patients
from 11 countries: The CaReMe CKD study. Lancet Reg Health Eur. 2022;20:100438. doi: 10.1016/j.
lanepe.2022.100438.

* GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of chronic kidney
disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet.
2020;395:709-33. doi: 10.1016/50140-6736(20)30045-3.

* Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasserson DS, Hobbs FD. Global Prevalence of
Chronic Kidney Disease - A Systematic Review and Meta-Analysis. PLoS One. 2016;11:e0158765.
doi: 10.1371/journal.pone.0158765.

* Vinhas J, Gardete-Correia L, Boavida JM, Raposo JF, Mesquita A, Fona MC, et al. Prevalence of
chronic kidney disease and associated risk factors, and risk of end-stage renal disease: data from
the PREVADIAB study. Nephron Clin Pract. 2011;119:¢35-40. doi: 10.1159/000324218.

* Vinhas J, Aires |, Batista C, Branco P, Branddo J, Nogueira R, et al. RENA Study: Cross-Sectional
Study to Evaluate CKD Prevalence in Portugal. Nephron. 2020;144:479-87. doi: 10.1159/000508678.

* de Almeida EA, Raimundo M, Coelho A, Sa H. Incidence, prevalence and crude survival of patients
starting dialysis in Portugal (2010-16): analysis of the National Health System individual registry.
Clin Kidney J. 2020;14:869-75. doi: 10.1093/ckj/sfaa023.

* ERA Registry Annual Report 2020 REGISTRY. Amsterdam: Department of Medical Informatics; 2020
[accessed Jan 2023] Available at: https://www.era-online.org/wp-content/uploads/2022/12/
ERA-Registry-Annual-Report2020.pdf

- Stel VS, Briick K, Fraser S, Zoccali C, Massy ZA, Jager KJ. International differences in chronic kidney
disease prevalence: a key public health and epidemiologic research issue. Nephrol Dial Transplant.
2017;32:ii129-ii135. doi: 10.1093/ndt/gfw420.

- Eurostat. [accessed April 2023] Available at: https://ec.europa.eu/eurostat/web/main/home

- Vanholder R. Green Nephrology. Kidney Dial. 2022;2:454-8. doi: 10.3390/kidneydial2030041.

- Stigant CE, Barraclough KA, Harber M, Kanagasundaram NS, Malik C, Jha V, et al. Our shared
responsibility: the urgent necessity of global environmentally sustainable kidney care. Kidney Int.
2023;104:12-5. doi: 10.1016/j.kint.2022.12.015.

* Barraclough KA, Agar JW. Green nephrology. Nat Rev Nephrol. 2020;16:257-68. doi: 10.1038/
$41581-019-0245-1

- Alston H, Burns A. Conservative care of the patient with end-stage renal disease. Clin Med.
2015;15:567-70. doi: 10.7861/clinmedicine.15-6-567.

* Wieliczko M, Zawierucha J, Covic A, Prystacki T, Marcinkowski W, Matyszko J. Eco-dialysis: fashion
or necessity. Int Urol Nephrol. 2020;52:519-23. doi: 10.1007/s11255-020-02393-2.

* Li PK, Garcia-Garcia G, Lui SF, Andreoli S, Fung WW, Hradsky A, et al. Kidney health for everyone
everywhere — from prevention to detection and equitable access to care. Braz J Med Biol Res.
2020;53:€9614. doi: 10.1590/1414-431X20209614.

* Poore J, Nemecek T. Reducing food’s environmental impacts through producers and consumers.
Science. 2018;360:987-92. doi: 10.1126/science.aaq0216.

* Cheung AK, Chang TI, Cushman WC, Furth SL, Hou FF, Ix JH, et al. Executive summary of the
KDIGO 2021 Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney
Disease. Kidney Int. 2021;99:559-69. doi: 10.1016/j.kint.2020.10.026.

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

~

w

IS

o

o

~

©

©

-
=

-
~

-
@

=
&

.
o

=
o

-
S

=
o

=
©

2

=]

2

=

2

N

2

@



Strategies to Prevent and Delay Chronic Kidney Disease Progression: A Pathway to Sustainability and Green Nephrology

o

o

N

L

©

e

=

N

w

&

o

I

N

1

©

e

=

~

w

* Cortez I. Visualizagdo de Desigualdade no acesso aos cuidados de satde primarios - A outra face
das USF. [accessed April 2023] Available at: https://www.rpmgf.pt/ojs/index.php/rpmgf/article/
view/10734/10470
Purohit A, Smith J, Hibble A. Does telemedicine reduce the carbon footprint of healthcare? A
systematic review. Future Healthc J. 2021;8:e85-e91. doi: 10.7861/fhj.2020-0080.

- Catapan SC, Calvo MC. Teleconsultation: an Integrative Review of the Doctor-Patient Interaction
Mediated by Technology. Rev Bras Educ Med. 2020;44:002. doi: 10.1590/1981-5271v44.1-
20190224
Ladino MA, Wiley J, Schulman IH, Sabucedo AJ, Garcia D, Cardona JM, et al. Tele-Nephrology: A
Feasible Way to Improve Access to Care for Patients with Kidney Disease Who Reside in Under-
served Areas. Telemed J E Health. 2016;22:650-4. doi: 10.1089/tm}.2015.0197.
de Boer IH, Khunti K, Sadusky T, Tuttle KR, Neumiller JJ, Rhee CM, et al. Diabetes Management in
Chronic Kidney Disease: A Consensus Report by the American Diabetes Association (ADA) and
Kidney Disease: Improving Global Outcomes (KDIGO). Diabetes Care. 2022;45:3075-90. doi:
10.2337/dci22-0027.

- Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group. KDIGO 2022 Clinical
Practice Guideline for Diabetes Management in Chronic Kidney Disease. Kidney Int. 2022;102:51-
$127. doi: 10.1016/j.kint.2022.06.008
Authors/Task Force Members; McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, et
al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: Devel-
oped by the Task Force for the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). With the special contribution of the Heart Failure Associa-
tion (HFA) of the ESC. Eur J Heart Fail. 2022;24:4-131. doi: 10.1002/ejhf.2333.

Mukoyama M, Kuwabara T. Role of renin-angiotensin system blockade in advanced CKD: to use
or not to use? Hypertens Res. 2022;45:1072-5. doi: 10.1038/s41440-022-00902-7.

van der Meer IM, Cravedi P, Remuzzi G. The role of renin angiotensin system inhibition in kidney
repair. Fibrogenesis Tissue Repair. 2010;3:7. doi: 10.1186/1755-1536-3-7.

Barrera-Chimal J, Lima-Posada |, Bakris GL, Jaisser F. Mineralocorticoid receptor antagonists in
diabetic kidney disease - mechanistic and therapeutic effects. Nat Rev Nephrol. 2022;18:56-70.
doi: 10.1038/s41581-021-00490-8.

Zhang Y, He D, Zhang W, Xing Y, Guo Y, Wang F, et al. ACE Inhibitor Benefit to Kidney and Cardio-
vascular Outcomes for Patients with Non-Dialysis Chronic Kidney Disease Stages 3-5: A Network
Meta-Analysis of Randomised Clinical Trials. Drugs. 2020;80:797-811. doi: 10.1007/s40265-020-
01290-3.

Bhandari S, Mehta S, Khwaja A, Cleland JG, Ives N, Brettell E, et al. Renin-Angiotensin System
Inhibition in Advanced Chronic Kidney Disease. N Engl J Med. 2022;387:2021-32. doi: 10.1056/
NEJM0a2210639.

Yang A, Shi M, Lau ES, Wu H, Zhang X, Fan B, et al. Clinical outcomes following discontinuation of
renin-angiotensin-system inhibitors in patients with type 2 diabetes and advanced chronic kidney
disease: A prospective cohort study. EClinicalMedicine. 2022;55:101751. doi: 10.1016/j.
eclinm.2022.101751.

De Nicola L, Cozzolino M, Genovesi S, Gesualdo L, Grandaliano G, Pontremoli R. Can SGLT2
inhibitors answer unmet therapeutic needs in chronic kidney disease? J Nephrol. 2022;35:1605-18.
doi: 10.1007/s40620-022-01336-7.

Skrabic R, Kumric M, Vrdoljak J, Rusic D, Skrabic I, Vilovic M, et al. SGLT2 Inhibitors in Chronic
Kidney Disease: From Mechanisms to Clinical Practice. Biomedicines. 2022;10:2458. doi: 10.3390/
biomedicines10102458

Yau K, Dharia A, Alrowiyti |, Cherney DZI. Prescribing SGLT2 Inhibitors in Patients With CKD:
Expanding Indications and Practical Considerations. Kidney Int Rep. 2022;7:2546-7. doi: 10.1016/].
ekir.2022.08.016.

Zinman B, Lachin JM, Inzucchi SE. Empagliflozin, cardiovascular outcomes, and mortality in type
2 diabetes. N Engl J Med. 2016;374:1094. doi: 10.1056/NEJMc1600827.

Neal B, Perkovic V, Matthews DR. Canagliflozin and Cardiovascular and Renal Events in Type 2
Diabetes. N Engl J Med. 2017;377:2099. doi: 10.1056/NEJMc1712572.

Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapagliflozin and Cardiovascu-
lar Outcomes in Type 2 Diabetes. N Engl J Med. 2019;380:347-57. doi: 10.1056/NEJMo0a1812389.
Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz U, et al. Cardiovascular
Outcomes with Ertugliflozin in Type 2 Diabetes. N Engl J Med. 2020;383:1425-35. doi: 10.1056/
NEJM0a2004967.

b

kel

>

S

3

©

1=}

I

~

w

B

o

* Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJ, Charytan DM, et al. Canagliflozin and

Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl J Med. 2019;380:2295-306. doi:
10.1056/NEJMoal811744.

* Heerspink HJ, Stefansson BV, Correa-Rotter R, Chertow GM, Greene T, Hou FF, et al. Dapagliflozin

in Patients with Chronic Kidney Disease. N Engl J Med. 2020;383:1436-46. doi: 10.1056/NEJ-
Moa2024816.

* FieBl L, Wehrmann F, Schonermarck U. Empagliflozin in Patients with Chronic Kidney Disease. N

Engl ) Med. 2023;388:2300-1. doi: 10.1056/NEJMc2301923.

* Georgianos PI, Agarwal R. Mineralocorticoid Receptor Antagonism in Chronic Kidney Disease.

Kidney Int Rep. 2021;6:2281-91. doi: 10.1016/j.ekir.2021.05.027.

* Currie G, Taylor AH, Fujita T, Ohtsu H, Lindhardt M, Rossing P, et al. Effect of mineralocorticoid

receptor antagonists on proteinuria and progression of chronic kidney disease: a systematic review
and meta-analysis. BMC Nephrol. 2016;17:127. doi: 10.1186/512882-016-0337-0.

“ Agarwal R, Kolkhof P, Bakris G, Bauersachs J, Haller H, Wada T, et al. Steroidal and non-steroidal

mineralocorticoid receptor antagonists in cardiorenal medicine. Eur Heart J. 2021;42:152-61. doi:
10.1093/eurheartj/ehaa736.

* Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, et al. Effect of Finerenone on

Chronic Kidney Disease Outcomes in Type 2 Diabetes. N Engl J Med. 2020;383:2219-29. doi:
10.1056/NEJM0a2025845.

* Pitt B, Filippatos G, Agarwal R, Anker SD, Bakris GL, Rossing P, et al. Cardiovascular Events with

Finerenone in Kidney Disease and Type 2 Diabetes. N Engl J Med. 2021;385:2252-63. doi: 10.1056/
NEJMo0a2110956.

+ Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et al. Cardiovascular and kidney

outcomes with finerenone in patients with type 2 diabetes and chronic kidney disease: the FIDEL-
ITY pooled analysis. Eur Heart J. 2022;43:474-84. doi: 10.1093/eurheartj/ehab777. Erratum in:
Eur Heart J. 2022;43:1989.

* von Scholten BJ, Kreiner FF, Rasmussen S, Rossing P, Idorn T. The potential of GLP-1 receptor

agonists in type 2 diabetes and chronic kidney disease: from randomised trials to clinical practice.
Ther Adv Endocrinol Metab. 2022;13:20420188221112490. doi: 10.1177/20420188221112490.

* Kristensen SL, Rgrth R, Jhund PS, Docherty KF, Sattar N, Preiss D, et al. Cardiovascular, mortality,

and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic
review and meta-analysis of cardiovascular outcome trials. Lancet Diabetes Endocrinol.
2019;7:776-85. doi: 10.1016/52213-8587(19)30249-9. Erratum in: Lancet Diabetes Endocrinol.
2020;8:e2.

* Rossing P, Baeres FM, Bakris G, Bosch-Traberg H, Gislum M, Gough SCL, et al. The rationale, design

and baseline data of FLOW, a kidney outcomes trial with once-weekly semaglutide in people with
type 2 diabetes and chronic kidney disease. Nephrol Dial Transplant. 2023:gfad009. doi: 10.1093/
ndt/gfad009.

B Ethical Disclosures

Conflicts of Interest: The authors have no conflicts of interest to declare.
Financial Support: This work has not received any contribution grant or

scholarship.
Provenance and Peer Review: Not commissioned; externally peer reviewed.
Consent for Publication: Not applicable.

Corresponding Author
Ana Rita Gomes Carlos Leal

Servigo de Nefrologia — CHUC
Praceta Professor Mota Pinto
3004-561, Coimbra, Portugal
E-mail: 10671@chuc.min-saude.pt

Port J Nephrol Hypert 2023; 37(3): 162-167 | 167


https://orcid.org/0000-0003-0614-3902
mailto:10671%40chuc.min-saude.pt?subject=

