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ABSTRACT

Six years ago, a comprehensive review by the EURECA-m working group of the ERA-EDTA thoroughly addressed the drivers
of mortality in patients with end-stage kidney disease. Not unexpectedly, the key global driver of early death in these
patients was the lack of access to kidney replacement therapy. However, and contrary to the expectations of non-
nephrologists, mortality was still high when kidney replacement therapy was provided. This was due to excess
cardiovascular and non-cardiovascular mortality, and the need to further characterize correctable risk factors and
eventually test the impact of correcting them was emphasized. In this issue of ckj, seven reports address risk factors for
death in non-dialysis chronic kidney disease (CKD), dialysis and kidney transplant patients. They characterize irreversible
(e.g. sex; age; genetic variants of the KL gene encoding the anti-ageing protein Klotho) and reversible (obesity; mineral and
bone disorder parameters; anti-depressant drugs, especially those that increase the QT; amputation; public health
investments) factors associated with mortality of CKD patients on or off kidney replacement therapy.
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Chronic kidney disease (CKD) is one of the fastest growing
causes of death worldwide [1, 2]. While early stages of CKD are
already associated with an increased risk of death, the largest
gap in mortality with the general population is found in patients
on kidney replacement therapy [3]. Indeed, in the context of the
coronavirus disease 2019 (COVID-19) pandemic, CKD on kidney
replacement therapy confers the highest risk of death of any
risk factor apart from age [4–6]. The December issue of ckj
presents several manuscripts that add further insights into cor-
relates of mortality in CKD, most of them in the context of kid-
ney replacement therapy [7–13].

Cambray et al. reported on the association of 11 single-
nucleotide polymorphisms (SNPs) of the KL gene that encodes
the anti-ageing factor Klotho with non-cardiovascular death in

1016 CKD patients from the National Observatory of
Atherosclerosis in Nephrology (NEFRONA) study [7]. In this pop-
ulation, non-cardiovascular deaths were 75% more common
than cardiovascular deaths (108 versus 62 after 48 months of
follow-up). This emphasizes the need to understand and ad-
dress the drivers of non-cardiovascular deaths, since most re-
search efforts are aimed at decreasing cardiovascular deaths in
CKD [4]. A three-allele combination at rs562020, rs2283368 and
rs2320762 (rs562020 GG/AG þ rs2283368 CC/CT þ rs2320762 GG)
present in 7.5% of the population was associated with higher
risk of non-cardiovascular death, while the low-risk combina-
tion of all the opposite genotypes was present in 9% of the pop-
ulation and was associated with lower than average risk. This
genetic approach assessing a limited number of SNPs of the KL
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gene could be used to enrich clinical trials for CKD patients at
high risk for non-cardiovascular death. A further research task
is to understand how any functional impact of these alleles
may modulate pathways linked to non-cardiovascular death. In
this regard, the kidneys are the key source of Klotho and kidney
Klotho is downregulated early in the course of CKD, well before
a reduced kidney mass explains the lower Klotho production
[14]. Early drivers of CKD, such as albuminuria and local inflam-
mation, may decrease Klotho synthesis when the bulk of tubu-
lar cell mass is still preserved [15, 16]. However, understanding
Klotho regulation in humans is marred by Klotho assay issues
[17, 18]. Despite this, upregulation of circulating and urinary
Klotho by pentoxifylline and other nephroprotective drugs has
been described, often with cell culture experiments demon-
strating a direct effect of these drugs on Klotho expression [19].
The impact of KL gene SNPs on Klotho levels in response to CKD
or drug therapy or a functional impact of these gene variants
should be explored.

Another report focused on peritoneal dialysis and wider
healthcare investment approaches. Loesch et al. studied 5707 in-
cident peritoneal dialysis patients from a prospective cohort in
78 Brazilian cities [8]. Public investment in healthcare manager
training and community awareness was associated with longer
patient survival at very modest levels of investment (>0.30 US
dollars per capita), but investment in primary healthcare
(within the range of investments studied) was not. Investment
in medium and high complexity healthcare was also associated
with longer survival, but to have a significant impact, it required
a higher investment (higher than up to 79.6 US dollars per cap-
ita). These health economics studies will be key for resource al-
location to adjust to a new COVID-19 world characterized by
higher healthcare demand and tighter budgetary constraints.

Three manuscripts studied mortality in haemodialysis
patients, addressing therapy for depression, the impact of inci-
dent comorbidities such as amputations, and the validation of
an outcomes prediction score based on three routine metabolic
bone disorder (MBD) markers.

A frequent problem in dialysis patients is that the efficacy
and safety of drugs in dialysis patients is not specifically
addressed by randomized clinical trials. This may lead to thera-
peutic nihilism, a key risk factor for mortality in end-stage kid-
ney disease (ESKD) and characterized by the non-prescription of
drugs that improve outcomes in the general population [4]. On
the other side of the coin, the scarcity of ESKD studies may lead
to inadvertent misuse of drugs. Thus, frequently, the use of
drugs in dialysis is guided by pharmacokinetic/pharmacody-
namic studies that may predict or assess how drugs and metab-
olites may behave when kidney function falls or how these
compounds are cleared by dialysis. However, there are addi-
tional factors that may compromise efficacy or safety, such as
the changing concentrations of electrolytes or uraemic reten-
tion solutes during the interdialytic period or the haemodialysis
session that change the response to or safety of the drug, as
well as predisposition of dialysis patients to certain drug effects
due to pathophysiological changes related to uraemia. As an ex-
ample, the USA highlights of prescribing information for escita-
lopram warn that no information is available about the
pharmacokinetics in patients with severely reduced kidney
function (creatinine clearance <20 mL/min) and that escitalo-
pram should be ‘used with caution in patients with severe renal
impairment’ . . . whatever that means [20]. Indeed, a PubMed
search on the topic of ‘(citalopram OR escitalopram) AND (dialy-
sis OR hemodialysis)’ on 25 October 2020 disclosed a Cochrane
review through 20 January 2016 on anti-depressants for treating

depression in adults with ESKD treated with dialysis [21]. This
review identified four studies in 170 participants comparing
anti-depressant therapy (fluoxetine, sertraline, citalopram or
escitalopram) versus placebo or psychological training for 8–
12 weeks. Both the duration and the number of patients are
clearly insufficient to establish the safety of these drugs in
ESKD. No more recent randomized clinical trials were found.
However, observational studies reported on poor drug selection,
overprescription, under-dosing and inadequate follow-up sug-
gesting sub-optimal adherence to NICE guidelines for anti-
depressant use in haemodialysis patients [22]. A further study
focused on the selective serotonin reuptake inhibitors (SSRIs)
citalopram and escitalopram as drugs that prolong the QT inter-
val to the greatest extent in electrophysiologic studies as com-
pared with fluoxetine, fluvoxamine, paroxetine and sertraline
[23]. This was a retrospective analysis enrolling 30 932 haemo-
dialysis patients who initiated citalopram and escitalopram and
34 722 (52.9%) who initiated SSRIs with lower QT-prolonging po-
tential. Initiation of citalopram and escitalopram was associ-
ated with higher risk of sudden cardiac death than initiation of
other SSRIs: adjusted hazard ratio (HR) 1.18, 95% confidence in-
terval (95% CI) 1.05–1.31. The association was more pronounced
in some subpopulations, including the elderly and females.
Despite these findings, in 3252 Chronic Renal Insufficiency
Cohort participants with at least one study electrocardiogram
between 2003 and 2011, fluoxetine (þ4 6 1 ms), citalopram
(þ4 6 1 ms), escitalopram (þ3 6 2 ms) and venlafaxine (þ3 6 1
ms) were associated with statistically significant QT interval
corrected for heart rate prolongation after adjustment for
comorbidities, potassium and calcium [24]. Thus, in routine
clinical assessments, the overall QT prolongation impact of cita-
lopram and escitalopram could not be distinguished from other
SSRIs such as fluoxetine. In this issue of ckj, Chilcot and
Farrington performed an exploratory analysis of the association
between patient-reported anti-depressant use within 3 months
prior to the study assessment and survival in 707 haemodialysis
patients [9]. Of 76 patients on anti-depressants, 36% died during
the study compared with 19% of patients not on anti-
depressants. In adjusted analysis that also controlled for de-
pression severity, anti-depressant use was significantly associ-
ated with mortality (adjusted HR 2.0, 95% CI 1.28–3.26). This
increased risk was higher than that conferred by depression it-
self in prior reports. They further estimated an estimated abso-
lute risk increase of death for those on an anti-depressant was
18%, with a quite low number needed to harm of around 5. As
the authors point out, more robust studies assessing medica-
tion type, dose and treatment vintage, among other variables,
may provide more reliable estimates of the absolute mortality
risk provided by anti-depressants. These estimates are needed
for regulatory authorities’ reassessment of the safety of anti-
depressants in dialysis patients, and the authors renew their
call for empirical studies on the selective withdrawal of anti-
depressants in patients with advanced kidney disease [25].

Schroijen et al. addressed survival of dialysis patients with
specific comorbidities [10]. They focused on survival of dialysis
patients after amputations in the Netherlands prospective co-
hort study of incident patients with ESKD. Amputation inci-
dence was 10-fold higher (12% versus 1.2%) in diabetics than in
non-diabetics and was associated with a 4-fold increased mor-
tality risk both in diabetes and non-diabetes patients. Thus, dia-
betes does not appear to confer an increased risk of death once
amputation has occurred.

Fuller et al. validated in an international cohort of haemo-
dialysis patients a simple composite score based on the number
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of MBD markers (MBD 0 to MBD 3) outside the reference range
[11]. This score had been associated with an increased risk of
clinical outcomes in USA prevalent haemodialysis patients [26].
The ckj study analysed 19 313 patients surviving �12 months in
the Dialysis Outcomes and Practice Patterns Study Phases 3–5
(2005–15) from Europe, Canada and the USA. When focusing on
the number of MBD markers (MBD 0 to MBD 3) above the follow-
ing values: 10.2 mg/dL for calcium, 5.5 mg/dL for phosphorus
and 600 pg/mL for parathyroid hormone, MBD 2/3 was present
in 10–14% of patients across regions. MBD 2/3 was associated
with increased risk of death (adjusted for disease risk score HR
1.41, 95% CI 1.10–1.82 versus MBD 0) and of a composite of death
or hospitalization (adjusted HR 1.23, 95% CI 1.10–1.38) in the
USA compared with MBD 0. The mortality association was only
observed for older (�65 years) individuals (adjusted HR 1.82, 95%
CI 1.28–2.58). HRs in Canada and Europe were generally consis-
tent but weaker. Thus, there was a gradient for the adjusted HR
for death, which was 1.33 in Canada and 1.18, suggesting the in-
fluence of unmeasured factors, either related to patient or to
the standard of care, on the risk of death conferred by the MBD
score. A definition of the score as outside target, that is above or
below a target range, conferred lower risk, and for Europeans
this score was not associated with an increased risk of the com-
posite outcome. Thus, while the MBD score is a simple tool that
helps identify a high-risk older population, it remains to be
assessed what factors explain the differences between the USA
and Europe and whether correction of the out of range scores
may decrease the mortality risk.

Two manuscripts addressed mortality in kidney transplant
recipients, focusing on two specific populations: the elderly
(those aged �65 years) and the obese [body mass index (BMI)
�30 kg/m2]. These studies represented single-centre or regional
data and should be confirmed at a multinational, ideally pan-
European level.

Schachtner et al. analysed patient and allograft outcomes in
244 kidney transplant recipients at the Eurotransplant Senior
Program, which enrols kidney transplant recipients aged
�65 years (age range 65–79 years) receiving kidneys from donors
aged �65 years [12]. Patient survival at 1, 5 and 10 years was 92,
66 and 38%, respectively. Key mortality risk factors were male
gender and T-cell-mediated rejection. Indeed, median patient
survival was 40% shorter for males than for females (80 months
versus 131 months). The longer survival in females than in
males is in accordance with data for the kidney replacement
therapy population in Europe and also for the general popula-
tion [27, 28]. However, the median expected remaining lifetime
of 6.7 years for male kidney recipients and 10.9 years for females
was lower than the latest data for the general German popula-
tion at 65 years of 17.9 and 21.1 years, respectively [29]. The gen-
der gap in life expectancy was larger, both in absolute (4.2 in
elderly kidney transplant recipients versus 3.2 years in general
population elderly) and relative terms (38% versus 15% shorter
for males in elderly kidney transplant recipients versus general
population elderly, respectively) for elderly kidney transplant
recipients than for the elderly general population (Figure 1).
From a different point of view, the gap between female elderly
kidney transplant recipients and general population females
was 10.2 years (48% shorter life expectancy in elderly female
kidney transplant recipients), and between male elderly kidney
transplant recipients and general population males, 11.2 years
(62% shorter life expectancy in elderly male kidney transplant
recipients). A caveat is that the transplantation study also in-
cluded patients >65 years. As Schachtner et al. suggest, research

on gender-specific care is warranted. Thus, in addition to ex-
ploring ways to increase overall survival in patients on kidney
replacement therapy, additional items to address include the
reasons and corrective measures for the larger gap in survival
between elderly transplanted males and elderly general popula-
tion males, as identified by Schachtner et al. [12]. Moreover,
since the different data refer to different populations (elderly
transplant patients versus all renal replacement therapy
patients), the existence of both diverging trends should be con-
firmed in larger multinational studies, ideally within the con-
text of the ERA-EDTA Registry.

Montero et al. analysed data from the Catalan Renal Registry
on kidney transplantation recipients from 1990 to 2011
(n¼ 5607) to explore the impact of weight changes following
kidney transplantation on outcomes [13]. Obesity (BMI
>33.2 6 3.3 kg/m2) was observed in 609 patients (11%) at the
time of transplantation and only small changes in weight were
observed in this group, while a moderate increase in weight was
observed in normal and pre-obese patients and a large increase
in the underweight group, especially during the first 2 years. In
obese patients, the incidence of delayed graft function was
higher and short- and long-term graft survival and graft func-
tion were worse. However, BMI variations in obese patients
were not associated with improved estimated glomerular filtra-
tion rate or graft or patient survival. Factors associated with
lower patient survival in multivariate analysis included increas-
ing age, male sex and pre-existent cardiovascular disease, but
not obesity or weight change. Among modifiable variables, a di-
alysis vintage >1 year prior to transplantation was associated
with lower patient survival. Thus, neither obesity nor decreas-
ing body weight after kidney transplantation was associated
with mortality. However, mean BMI in obese individuals in this
study was 33.2 6 3.3 kg/m2 and results may not apply to more
severe obesity typically observed in the USA.

In summary, the present issue of ckj contains several reports
that shed light or identify novel avenues of research to further
decrease the risk of premature death in CKD patients. An overall
message is the diversity of risk factors that should be addressed
as potential drivers of the increased mortality of advanced CKD
patients. Likely, a holistic approach from funding of healthcare
to correctable risk factors to unravelling the potential mecha-
nisms linking non-correctable risk factors to mortality has the
best chance of achieving the goal of approaching CKD mortality
to that of the general population.
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