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A
dvanced chronic kidney dis-
ease (CKD; Stage G4þ) affects

only 0.5% of the population, but
results in a high burden of
morbidity and mortality and an
increased risk of multiple adverse
events.1,2 Patients with this severe
level of decline in kidney function
suffer from multiple biochemical
and physiological abnormalities,
and relationships between con-
ventional risk factors and renal
and cardiovascular outcomes may
be altered in this population.3

There are 3 important
competing outcomes that affect
patients with advanced CKD at
disproportionately high rates.
These include kidney failure
requiring dialysis or trans-
plantation, cardiovascular events
requiring hospitalization, and
all-cause death.1 As expected,
younger patients with advanced
CKD tend to progress to kidney
failure, whereas very old
individuals often die before
developing symptoms of kidney
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failure requiring dialysis.4 How-
ever, for other risk factors, such as
blood pressure, the relationship
may be more complex.5 Under-
standing these relationships, and
how they differ for each risk factor
and outcome, may be important for
clinical decision making and
patient-provider communication.4

As an example, a patient with
CKD Stage 4 and multiple risk
factors for cardiovascular events
and death before dialysis, and
reduced risk for progression to
kidney failure, may benefit pref-
erentially from optimization of
cardiac risk, including interven-
tional and surgical procedures, at
the potential expense of kidney
function, which may decline from
intervention-related acute kidney
injury.6 In contrast, patients with
a very high risk of CKD progres-
sion to kidney failure, and a low
risk of cardiovascular or all-cause
mortality, may prefer medical
management for cardiovascular
risk factors.

In this issue of Kidney Interna-
tional Reports, Dr. Evans and
colleagues from the CKD Prognosis
Consortium7 explore in detail the
relationships of traditional risk
factors with outcomes in advanced
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CKD, and highlight key differences
in risk estimates for kidney failure
and the competing CKD outcomes
of cardiovascular events and
death. The authors studied more
than 185,000 individuals with CKD
Stage G4þ from 28 cohorts span-
ning 30 countries. The average age
of the participants was 70, and the
mean estimated glomerular filtra-
tion rate was 24 ml/min per 1.73
m2 and the median urine albumin-
to-creatinine ratio was 48 mg/g
(Figure 1).

Rates of kidney failure ranged
from 1.7% to 30.0%, with 22,301
events occurring over the mean
follow-up period of 3.3 years.
Cardiovascular and all-cause mor-
tality were more common, and
occurred 2 (44,401 cardiovascular
events) to 4 (81,979 deaths) times
as often as kidney failure. The
authors then performed a random-
effects meta-analyses of cause-
specific hazard ratios for kidney
failure and cardiovascular events
and Cox proportional hazards
model for all-cause mortality. They
focused primarily on conventional
risk factors (e.g., age, sex, race,
history of cardiovascular disease,
smoking, blood pressure, diabetes
mellitus, estimated glomerular
filtration rate, albumin-to-
creatinine ratio) and highlighted
differences in the relationships
between these risk factors and the
3 outcomes of interest.

In particular, male gender,
black race, higher albuminuria,
lower estimated glomerular filtra-
tion rate, and the occurrence of a
cardiovascular event during
follow-up were strongly associated
with kidney failure, whereas older
age was not. In contrast, older age,
a history of cardiovascular disease
or diabetes, and the need for
kidney replacement therapy
during follow-up were associated
with cardiovascular events. For
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Figure 1. CKD Prognosis Consortium7: the average age of the participants was 70, the mean estimated glomerular filtration rate was 24 ml/min
per 1.73 m2, and the median urine albumin-to-creatinine ratio was 48 mg/g. SBP, systolic blood pressure.
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all-cause mortality, the strongest
relationships were with older age,
smoking, and cardiovascular or
kidney failure events during the
follow-up period. Importantly,
estimated glomerular filtration rate
and albuminuria were associated
with all 3 outcomes.

Associations were also similar
between risk factors and outcomes
in subgroups of age; however,
diabetes was a stronger risk
factor in younger individuals for
kidney failure and cardiovascular
events. Male gender was more
strongly associated with kidney
failure in older individuals, and no
other risk factors were noted
to have differential relationships
by age.

Evans and colleagues from the
CKD Prognosis Consortium7 pre-
sent the largest analysis to date
evaluating the association between
conventional risk factors and
important clinical outcomes in
advanced CKD. The analysis dem-
onstrates remarkable consistency
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in the strength of the association
despite the diversity of the 28
cohorts, all of which had unique
inclusion/exclusion criteria, and
differing rates of the individual
outcomes. These findings suggest
that conventional risk factors are
indeed important in patients in
advanced CKD, and physicians and
patients should work together on
risk reduction to potentially avoid
these adverse events.

There are, however, some limi-
tations. First, the analysis focused
on a limited number of conven-
tional risk factors, some of which
are nonmodifiable. Common risk
factors, such as low-density lipo-
protein cholesterol, were available
in only a limited number of
cohorts, and as such, definitive
conclusions about the relationship
between low-density lipoprotein
cholesterol and the outcomes of
interest could not be drawn. Other
more controversial associations,
such as ones with body mass index
or waist-hip ratio and all-cause
mortality, or with cardiac
biomarkers, such as troponin and
cardiovascular events in advanced
CKD, were also not performed.3,8

In addition, the cohorts, although
representative of diverse ethnic-
ities and health systems, did not
measure or examine other modifi-
able factors, such as physical
activity and access to care.9,10

These associations have not been
well studied in previous cohorts of
advanced CKD, and a definitive
study examining these relation-
ships in a large sample size would
add to the literature.

It is also important to note that
the current study also focused on
relative risk, and its findings,
when translated to absolute risk,
could be used to create predictive
models for all 3 adverse outcomes.
Validated models exist for kidney
failure and all-cause mortality in
patients with CKD, but models for
cardiovascular events are needed,
and could help physicians deter-
mine the relative risk/benefit from
Kidney International Reports (2018) 3, 513–515
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invasive cardiac procedures that
carry a risk of acute kidney injury.
An approach incorporating the
output from these prediction
models in an usable format for
physicians who care for these
patients could help with clinical
decision making.

Future studies should also aim
to study some of these risk factors,
and examine them and others in
patients with CKD Stage 5D, and in
subgroups of patients treated with
hemodialysis or peritoneal dialysis.
There is considerable uncertainty
about conventional risk factors in
these patients, and a rigorously
conducted large multinational
study would help improve under-
standing. Data for the dialysis
study could be derived from
national dialysis registries, and
linkages with administrative data
would enable a study evaluating
cardiovascular, infectious, and
other nonfatal outcomes. Nonethe-
less, it is important to recognize
the present study from the CKD
Prognosis Consortium7 as an
important contribution, as it
definitively establishes the rela-
tionship between conventional
Kidney International Reports (2018) 3, 513–515
risk factors and outcomes in
patients with advanced CKD.
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