
O
R
IG

IN
A
L
A
RT

IC
LE

Nephrol Dial Transplant (2022) 37: 1529–1544
https://doi.org/10.1093/ndt/gfac010
Advance Access publication date 23 February 2022

Survival of patients who opt for dialysis versus conservative
care: a systematic review and meta-analysis

Carlijn G.N. Voorend 1,∗, Mathijs van Oevelen1,∗, Wouter R. Verberne1,2,3, Iris D. van den Wittenboer2,
Olaf M. Dekkers4, Friedo Dekker4, Alferso C. Abrahams3, Marjolijn van Buren1,5, Simon P. Mooijaart6
and Willem Jan W. Bos1,2
1Department of Internal Medicine, Leiden University Medical Center, Leiden, The Netherlands, 2Department of Internal Medicine,
St Antonius Hospital, Nieuwegein, The Netherlands, 3Department of Nephrology and Hypertension, University Medical Center Utrecht,
Utrecht, The Netherlands, 4Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, The Netherlands, 5Department of
Internal Medicine, Haga Hospital, The Hague, The Netherlands and 6Department of Gerontology and Geriatrics, Leiden University Medical
Center, Leiden, The Netherlands

∗The authors contributed equally to this work and shared first authorship.
Protocol registration: PROSPERO CRD42018103379.
Correspondence to: Carlijn G.N. Voorend; E-mail: c.g.n.voorend@lumc.nl

GRAPHICAL ABSTRACT

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and
reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

https://doi.org/10.1093/ndt/gfac010
https://orcid.org/0000-0002-7097-6995
mailto:c.g.n.voorend@lumc.nl
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


KEY LEARNING POINTS

What is already known about this subject?
• Previous systematic reviews reported a survival advantage in patients treatedwith dialysis comparedwith conservative care
(CC) and suggested that this survival benefit is substantially reduced for patients with older age or severe comorbidity.

• However, these reviews did not limit their inclusion to studies in which patients made an explicit treatment choice, e.g. the
CC group included patients in whom dialysis treatment was withheld for medical reasons. This may have underestimated
the survival of CC.

• An update of current data on survival outcomes is needed to evaluate and informpatients and healthcare providers whether
CC is a viable alternative to dialysis in terms of survival outcomes.

What this study adds?
• With the use of a comprehensive search strategy, 22 observational cohort studieswere identified inwhich survival outcomes
were assessed in patients who explicitly opted for either dialysis or CC.

• This study confirms significant confounding and high susceptibility to bias in studies assessing survival outcomes for
dialysis treatment versus CC.

• Our meta-analysis demonstrates that, on average, patients who choose dialysis have half the risk of mortality as patients
who opt for CC. This decreased risk persists in patients with severe comorbidity and older age, albeit more limited.

What impact this may have on practice or policy?
• Although no individual patient predictions can be made based on these results, improved insights into survival differences
between dialysis and CC can be used in shared decision making: a process in which other factors like quality of life,
treatment burden and patients’ goals of care are also taken into account.

• Future prospective studies on survival differences between CC and dialysis should assess survival from the moment the
treatment choice is made (limiting selection bias) and adjust for more baseline discrepancies, such as frailty and other
geriatric impairments (limiting confounding by indication).

ABSTRACT

Background. Non-dialytic conservative care (CC) has
been proposed as a treatment option for patients with
kidney failure. This systematic review and meta-analysis
aims at comparing survival outcomes between dialysis and
CC in studies where patients made an explicit treatment
choice.
Methods. Five databases were systematically searched from
origin through 25 February 2021 for studies comparing
survival outcomes among patients choosing dialysis versus CC.
Adjusted and unadjusted survival rates were extracted and
meta-analysis performedwhere applicable. Risk of bias analysis
was performed according to theCochrane RiskOf Bias InNon-
randomized Studies of Interventions.
Results. A total of 22 cohort studies were included covering
21 344 patients. Most studies were prone to selection bias
and confounding. Patients opting for dialysis were generally
younger and had fewer comorbid conditions, fewer functional
impairments and less frailty than patients who chose CC.
The unadjusted median survival from treatment decision or
an estimated glomerular filtration rate <15 mL/min/1.73 m2

ranged from 20 and 67 months for dialysis and 6 and 31
months for CC. Meta-analysis of 12 studies that provided
adjusted hazard ratios (HRs) for mortality showed a pooled
adjusted HR of 0.47 (95% confidence interval 0.39–0.57) for
patients choosing dialysis compared with CC. In subgroups of
patients with older age or severe comorbidities, the reduction
of mortality risk remained statistically significant, although
analyses were unadjusted.

Conclusions. Patients opting for dialysis have an overall lower
mortality risk compared with patients opting for CC. However,
a high risk of bias and heterogeneous reporting preclude
definitive conclusions and results cannot be translated to an
individual level.

Keywords: conservative care, dialysis, end-stage kidney dis-
ease, mortality, systematic review

INTRODUCTION
Dialysis is the most frequently chosen treatment for patients
with kidney failure. Current guidelines recommend present-
ing comprehensive conservative care (CC) as a treatment
alternative to vulnerable patients [1, 2]. CC captures a
range of pharmacological, clinical and lifestyle interventions,
except dialysis, to delay the progression of kidney disease,
minimize risks and complications and provide active symptom
management and psychosocial support [1]. Although CC is
generally more focused on maintaining health-related quality
of life (HRQoL) than potentially increasing survival, reliable
estimation of the survival outcomes of both CC and dialysis
might help to inform patients and healthcare professionals in
shared decision making.

Previous attempts have been made to systematically com-
pare survival data for kidney failure patients choosing between
dialysis and CC [3–6]. Most recent reviews suggest a survival
benefit for dialysis over CC but highlight the heterogeneity of
included studies [5, 6]. Comparability between both groups
is hampered due to confounding by indication, which occurs
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FIGURE 1: Visualization of selection bias. In this figure, the course of eGRF also reflects the course of time.

whenCC ismore often chosen by or offered to patients deemed
to have a worse prognosis, e.g. older or more frail patients.
Additionally, the start ofCC is difficult to define comparedwith
dialysis, potentially resulting in selection bias [7]. Using both
the explicit treatment decision and aligning the starting point
for survival analysis is therefore critical.

The aim of this systematic review was to compare the
survival of patients with kidney failure who made an explicit
choice for a dialysis pathway versus CC, e.g. excluding studies
where dialysis was withheld on medical grounds, in line
with a recently published systematic review on HRQoL [8].
Additionally, we looked at subgroups of patients >80 years of
age and those with severe comorbidity and frailty. We aimed
at including studies that evaluated outcomes from predefined
time points, preferably the moment of treatment decision, as
an equivalent time point for treatment start itself is difficult to
identify in both treatment pathways [9].

MATERIALS AND METHODS
We conducted a systematic review according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [10]. The protocol was announced in
advance on PROSPERO (CRD42018103379) [9].

Search strategy
Electronic databases PubMed, Embase, Cochrane,

CINAHL Plus and PsycINFO were systematically searched
from origin through 25 February 2021. Potentially relevant

citations were derived with the use of a structured search
strategy, tested and reviewed by a clinical librarian, using
search terms related to or describing the patient population
of interest [i.e. chronic kidney disease with severely reduced
glomerular filtration rate (Kidney Disease: Improving Global
Outcomes stage G4) or kidney failure (stage G5)], the
intervention (any form of maintenance dialysis) and the
comparative intervention (CC). The full search strategy is
provided in Supplementary data, Table S1. Additional studies
were identified by checking reference lists and citations of the
included studies via Scopus and consultation with experts.

Study selection
All records were screened by title and abstract by a

minimum of two authors independently (W.V., I.W., C.V.
and M.O.). Consecutively, full-text articles were screened for
eligibility by the same authors using predefined eligibility
criteria (Supplementary data, Table S1).

All studies that reported and compared survival outcomes
of patients choosing either dialysis or CC were considered for
inclusion. Ideally, included studies should use a randomized
controlled design and assess survival from the moment the
decision for eitherCCor dialysis ismade using an intention-to-
treat approach, with an average equal kidney function between
both groups, to rule out selection bias (Figure 1A). In such an
ideal trial, as opposed to observational studies, confounding
factors such as age, comorbidities, frailty, functional status and
cognitive status are expected to be equal in both groups due
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to randomization. In observational studies, confounding by
indication affects this ideal comparison. In our review, at a
minimum, both treatment strategies should be presented as
reasonable options and an explicit choice for either dialysis
or CC had to be made. CC had to be applied as non-dialytic
care for kidney failure, intended to be provided until death
and not just to delay the start of dialysis [1]. We defined
the dialysis pathway as a choice for haemodialysis (HD)
and/or peritoneal dialysis (PD), both including patients who
would eventually start dialysis or were yet to start. For patient
selection within the studies, where reported data allowed us to
do so, we excluded patients with short-term dialysis for acute
kidney injury or where the decision to withhold dialysis was
the nephrologist’s decision based on medical grounds only.
Articles were excluded if they were non-English language or
when the study solely reported on patients approaching kidney
failure who had not yet decided on a preferred treatment yet.
In the case of disagreements, we strove for consensus with a
third reviewer (W.B.). If necessary, authors of original studies
were approached for additional information. In the case of
overlapping study populations, we aimed at including the study
with the longest follow-up and most patients.

Data extraction
Data were extracted on bibliography, study design, risk of

bias, (definitions of) exposure(s), outcomes, characteristics of
study participants, numerical results and effect estimates by
three authors (W.V., I.W. and C.V.) using a predefined and pilot
tested data extraction form. Disagreements in screening for
inclusion and data extractionwere resolved through consensus
discussion.

Risk of bias assessment
The risk of bias of the included studies was assessed by two

authors (C.V. and M.O.) independently using the Cochrane
Risk Of Bias in Non-randomized Studies of Interventions
(ROBINS-I) [11, 12]. ROBINS-I addresses seven domains of
potential bias. The risk of confounding was assessed for the
most relevant confounding factors: age and comorbidities.
Selection bias was considered if follow-up time was missing
due to the selection of patients, e.g. because not all eligible
patients were included or if follow-up time was inequal be-
tween both groups, andmay lead to selection bias (Figure 1). In
addition, ROBINS-I defines the risk of bias in the classification
of interventions, deviations from the intended interventions,
missing data, measurement of outcomes and selection of
the reported results. All domains address internal validity as
distinct from issues of generalizability. Discrepancies in the
risk of bias assessment were resolved through discussion with
a third author (W.B.).

Data synthesis and analysis
The main outcome of interest were the hazard ratios

(HRs) and 95% confidence intervals (CIs) for mortality.
The median survival (in months) and 1-, 2- and 5-year
survivals in both groups were extracted to estimate absolute

survival. If necessary, outcomes were reconstructed from
graphs (Kaplan–Meier) using WebPlotDigitizer version 4.2
[13]. Three predefined subgroup analyses were conducted.
First, we aggregated the results from studies using four starting
points for survival analyses: estimated glomerular filtration
rate (eGFR) <20 mL/min/1.73 m2, treatment decision, eGFR
<15 mL/min/1.73 m2 and eGFR <10 mL/min/1.73 m2 or
the putative start of dialysis (as dialysis is, on average, com-
monly initiated around eGFR 10 mL/min/1.73 m2). Second,
unadjusted survival outcomes were assessed, when possible,
according to different age groups (≥70, ≥75, ≥80 and ≥85
years). Third, if available, separate analyses were intended
for patients with severe comorbidity, by using the study’s
own definition of severe comorbidity, and for frail patients.
Patientswere analysed as a combined ‘choice for dialysis’ group,
assuming the best-fitted modality was chosen.

Statistical analysis
We conducted random-effects meta-analysis using Der-

Simonian and Laird’s method [14] to estimate the pooled
adjusted HR. If HRs were presented for (choice of) HD and PD
modalities only, these ratios from a single study were pooled
using a weighted fixed-effects model. Publication bias was
considered low bymeans of a funnel plot (Supplementary data,
Figure S1). The I2 statistic was used to describe the percentage
of variation between the studies due to heterogeneity (values
of <25%, 25–50% and >50% indicating low, moderate and
high heterogeneity, respectively) [15]. To estimate the effect
of adjustment for confounding, we compared the adjusted HR
with unadjusted risk ratios (RRs) for 1- and 2-year mortality,
which were calculated using the random-effects Mantel–
Haenszel method [16, 17]. The meta-analysis of unadjusted
1- and 2-year survival data was performed for subgroups of
patients >80 years of age and with severe comorbidity.

RESULTS
Search results
The search resulted in 7634 records, of which 353 full-text

articles were assessed for eligibility (Figure 2). Authors of five
studies were contacted for clarification of the CC definition, of
whom four responded. Based on their answers, patient groups
did not match our definition of explicit choice for CC, and
all five articles were excluded (Supplementary data, Table S2).
One study was excluded that stopped follow-up at dialysis start
[18] and two because of overlapping study populations [19, 20].
Two other studies partly overlapped and the smaller study [21]
was excluded from the main (meta-)analyses. Our analyses
were performed on 22 cohort studies and no randomized
controlled trials were found.

Study characteristics
Table 1 presents the characteristics of the 22 included

studies [21–42]. The sample size varied from 87 [42] to 14 071
[40] patients, resulting in a total of 21 344 patients. The
proportion of patients opting for CC varied between 6% and
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FIGURE 2: Study inclusion and exclusion flowchart. aExplanation of reasons for exclusion: no treatment decision yet includes patients with
advanced CKD who did not, or did not have to, decide on preferred treatment yet (commonly referred to as ‘pre-dialysis patients’ or
‘non-dialysis dependent CKD patients’), including five studies discussed with the authors to clarify their patient groups (Supplementary data,
Table S2). Mix of patient groups means a mix of different patient categories into one patient group without subgroup analyses (e.g. mix of
patients who have not made a decision yet and patients who chose conservative care). No original research, e.g. reviews, opinion papers or
study protocols.

77% (median 31%) [35, 40]. The majority of the studies were
restricted in age, ranging from≥65 to≥80 years old [18, 21, 23,
26, 27, 30, 31, 33–37, 39, 41, 42]. The mean age in the studies
ranged from 61 to 86 years (median 78).

Choice for dialysis included mostly combined HD and PD
treatment [21–23, 26, 30, 31, 35, 38, 39], occasionally together
with a choice for pre-emptive transplantation (encompassing
<5% of the study population) [25, 29, 32, 41]. Four studies did
not specify dialysis modalities [28, 33, 36, 40]. CC comprised
ongoing care of a multidisciplinary team, symptom control,
medication management and some form of palliative care or
advanced care planning. Eight studies did not specify the CC
strategy [25–27, 30, 31, 38, 40, 41].

The reference point for survival analysis in most studies
was the time when eGFR decreased to <15 mL/min/1.73 m2

(n = 10) [21, 24, 29, 32, 35–38, 40, 42], followed by eGFR
<10 mL/min/1.73 m2 or putative dialysis start (n = 6)

[23, 25, 27, 28, 31, 34], eGFR <20 mL/min/1.73 m2

(n = 1) [30] and treatment decision (n = 1) [41]. Four studies
assessed multiple starting points for their survival analyses
[22, 26, 33, 39].

Risk of bias assessment
The risk of confounding was serious in the majority of

the studies (Figure 3 and Supplementary data, Table S3). In
11 studies, results were not adjusted for age and comorbidity
status [23, 25, 27–30, 33–35, 38, 40]. Seven studies were of
serious or critical risk of selection bias [25–27, 31, 34, 40, 42],
as the start of follow-up probably did not coincide for the
included patients, leading to a risk of lead time or immortal
time bias. The risk of bias due to unclear classification of
interventions was considered serious in two studies where the
intervention was not well-defined [25, 42]. The risk of bias
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FIGURE 3: The risk of bias as assessed with the ROBINS-I for all 22 included studies.

on missing data often could not be assessed, because nine
studies lacked a statement on the number of patients lost to
follow-up or missing data [21, 22, 25–27, 29, 32, 38, 39, 41].
The risk of selective reporting of results was at least moderate
since none of the studies prespecified survival outcomes in
a published protocol. Bias in other domains (deviations of
intended interventions, missing data and measurements of
outcomes) was in general low or unclear, butmoderate in some
instances.

Characteristics of study subjects
Patients opting for CC were generally older than patients

who chose dialysis treatment in all studies [Table 2; median
7.0 years (range 1.0–21.6)]. Both groups consisted ofmoremen
than women. Half of the studies reported more comorbidities
in the CC group than in the dialysis group [21, 22, 24, 27–
29, 32, 33, 35, 40]. In the other studies, no clear difference in
overall comorbidity score was found [23, 31, 34, 36, 37, 39, 41,
42] or was not presented [25, 26, 30, 38]. CC patients had a
lower functional and cognitive status, as reported in seven (of
nine) and five (of seven) studies, respectively (Supplementary
data, Table S4). Correspondingly, frailty was more common in
patients choosing CC, although assessed in only two studies
[31, 41].

Adjusted mortality outcomes
A total of 12 studies reported adjusted HRs for mortality

and were included in this analysis (Figure 4A and Table 3).
The study of Moranne et al. [30] was excluded, as dialysis
start was used as a censoring event in their adjusted survival
analysis. All outcomes were adjusted for age. Two studies did
not adjust for comorbidity [25, 38]. Meta-analysis showed a
pooled adjusted HR for mortality of 0.47 (95% CI 0.39–0.57)
comparing choice for dialysis withCC,with high heterogeneity
between studies (Figure 4A; I2 = 55%). For an impression of
the effect of adjustment for confounding by the variables age
and comorbidity, the unadjusted effect for the same studies was
RR 0.38 (95%CI 0.27–0.52) for 1-year survival (Figure 4B) and
RR 0.41 (95% CI 0.32–0.53) for 2-year survival.

Outcomes on median, 1-, 2- and 5-year survival
Absolute median survival was longer in all studies for

choice of dialysis compared with CC, ∼22 months (2.3 times)
longer (Figure 5). Survival was shorter with lower kidney

function (i.e. eGFR <10 mL/min/1.73 m2) compared with
higher kidney function (i.e. from treatment decision, eGFR
<20 mL/min/1.73 m2 or eGFR <15 mL/min/1.73 m2), espe-
cially for CC patients. Unadjusted 1-, 2- and 5-year survival
ranged widely between studies (Table 4, Supplementary data,
Table S5), but was consistently higher in the population
choosing dialysis compared with those opting for CC.

Survival for patients of older age
Studies appraising survival at age >80 years were limited

in number, had small sample sizes and mostly had outcomes
unadjusted for confounding variables. Despite this heterogene-
ity, the lower mortality risk for dialysis seems to decrease
with older age (Supplementary data, Figure S2). For patients
>80 years of age, most studies reported a lower mortality
risk for patients opting for dialysis, albeit statistically non-
significant [26, 31, 33, 35, 39]. In two studies this difference
was statistically significant [34, 42]. Pooled unadjusted survival
analysis indicated a lower mortality risk for dialysis in the five
studies available [33–35, 39, 42] (Supplementary data, Figure
S3A and B).

Survival for patients with severe comorbidities or frailty
Eight studies presented a subanalysis for patients with

high comorbidity scores, using different definitions of high or
severe comorbidity (Supplementary data, Table S6). Although
all studies concluded that with severe comorbidity the lower
mortality risk for patients choosing dialysis is substantially
reduced or lost, pooled unadjusted RRs from seven studies
suggested that the lower mortality risk for these patients from
an eGFR <15 mL/min/1.72 m2 was still present, i.e. for 1-
year [unadjusted RR 0.55 (95% CI 0.42–0.73)] and 2-year
[unadjusted RR 0.66 (95% CI 0.56–0.78)] mortality (Figure 6).

The mortality risk of severe comorbid patients adjusted
or restricted for age was only rarely reported, sample sizes
were small and findings were contradictory (Supplementary
data, Table S6). Two studies observed a lower mortality
risk for patients choosing dialysis [22, 41], while one study
found no decreased risk [21]. Heterogeneity across and within
studies is potentially high, as none of the studies provided
separate baseline tables for these subgroup analyses. Survival
data specifically in frail patients were presented in one study
only. Survival did not statistically differ between frail patients
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FIGURE 4:Meta-analysis of (A) adjusted survival and (B) unadjusted 1-year survival comparing choice of dialysis with choice of conservative
care. *Considered as the best studies in addressing confounding and selection bias. †These studies used a different starting point for the dialysis
(initiation of dialysis) versus the CC group (eGFR <15 mL/min/1.73 m2)

(Clinical Frailty Scale score ≥6) choosing dialysis or CC [HR
1.2 (95% CI 0.69–2.06; P = .52) adjusted for sex, comorbidity
and age] in this study [41].

DISCUSSION
This systematic review and meta-analysis shows an overall
lower mortality risk for patients choosing dialysis compared
with those opting forCC: dialysis is associatedwith half the risk
for mortality and a longer (unadjusted) median survival from
the time of treatment decision for this group. Our data suggest
that in patients with severe comorbidity and/or older age, the
lower risk for mortality was still present, albeit more limited. It
is important to note that the included 22 observational cohort
studies were heterogeneous for age distribution, comorbidities
and the starting point and/or reference kidney function from
which survival was assessed. Additionally, the risk of selection
bias and (residual) confounding was high. Results on lower
mortality risk for dialysis should therefore be interpreted
cautiously and cannot be translated to an individual level.

Our analysis updates and extends a previously published
systematic review of survival outcomes for dialysis versus CC
pathways with five studies [5]. More importantly, our scope
was to only include studies where patients made an explicit
treatment choice, e.g. choice for CC rather than patients who
did not receive dialysis treatment. Therefore, after consultation
with authors, three studies [43–45]—which were included in
the review by Fu et al. [5]—were omitted.

Regardless of these differences, we found an adjusted risk
for mortality [HR 0.47 (95% CI 0.39–0.57)] comparable with
the findings of Fu et al. [5] [HR 0.47 (95% CI 0.32–0.69)]
and Wongrakpanich et al. [6] [HR 0.53 (95% CI 0.30–0.91)],

yet with less—but still high—heterogeneity (lower I2 statistic).
Similar to Foote et al. [4], we also found a lower mortality risk
for patients opting for dialysis when only assessing patients
with an older age or severe comorbidity. Studies that did
not find any difference could have been underpowered. The
median survival in our analysis was similar to findings of
Wrongapanic et al. [6]: 20–67 months for patients choosing
dialysis and 6–31months for those opting forCC. Interestingly,
in a review published a decade ago, the median survival for CC
patients ranged only up to 23 months [3]. Our results, adding
five studies with a higher median survival for CC, may indicate
that CC has evolved as a treatment option over time.

While patients who choose dialysis generally live longer
than those who choose CC, treatment choice is not based on
survival outcomes alone. Our recent review on HRQoL and
symptoms concluded that, despite a higher burden of kidney
disease after starting dialysis, no distinct advantage was found
for either one of the treatment options [8]. Taken together,
these reviews show that overall, dialysis patients live longer
while HRQoL is comparable. Ultimately patients’ treatment
decisions are the result of shared decision making between
nephrologists, patients and caregivers, tailored to each patient’s
individual situation. For individual patient goals of care, social
arguments may play an important role along with medical
conditions. Also, reasons for choosing either dialysis or CC
are likely to differ among patients, caretakers and physicians
[33, 46–48], and decisions may change over time. Therefore
a well-informed, continuous, shared decision-making process
between patients, caretakers and healthcare professionals is
needed [49, 50].

The strength of our systematic review is the wide-
ranging search in multiple databases directed by the PRISMA
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Table 3. Adjusted HR for mortality per starting point comparing dialysis with CC

Authors Age, in years

Kidney function at
start of survival

analysis Comparison Adjusted HR (95% CI) Adjustment variables

Brown et al. [22] >75 eGFR
<15 mL/min/1.73 m2

D versus CC 0.22 (0.11–0.45) Age, sex, diabetes and
ischemic heart disease

– Treatment decision D versus CCa

D-started versus
CC

D-not started
versus CC

0.25 (0.15–0.42)a

0.30 (0.13–0.67)
0.23 (0.12–0.41)

Age, sex, diabetes and
ischemic heart disease

Chandna et al. [32] >75 eGFR <15 but
>10 mL/min/1.73 m2

D versus CC 0.85 (0.57–1.27) Age, diabetes, high/low
comorbidity, sex and ethnicity

Da Silva-Gane et al. [24] – Late stage G4/G5 D versus CC
HD versus CC
PD versus CC

0.45 (0.22–0.91)a

0.47 (0.20–1.10)
0.39 (0.10–1.48)

Age, comorbidity,
performance score, physical
health score and propensity
score

García-Testal et al. [42] >80 eGFR
<15 mL/min/1.73 m2

D versus CC 0.27 (0.11–0.62) Age, sex, CCI and diabetes
mellitus

Moranne et al. [30] >75 eGFR
<20 mL/min/1.73 m2

D versus CCb 0.61 (0.37–0.99)c Age, sex, systolic blood
pressure, BMI, diabetes,
active cancer, chronic
respiratory failure, congestive
heart failure, dysrhythmia,
cerebrovascular disease,
peripheral vascular disease,
behavioural disorders,
mobility, living at home,
haemoglobin and proteinuria

Morton et al. [25] – eGFR
<15 mL/min/1.73 m2

/on dialysis

D versus CC
(on 3 years
mortality)

0.40 (0.25–0.65) Age, sex, home language,
marital status,
socio-economic status,
remoteness, health insurance,
late referral to a nephrologist,
serum albumin and
haemoglobin

0.46 (0.29–0.72) Age, sex and baseline serum
albumin (other model)

Murtagh et al. [36] >75 Stage G5 D versus CC 0.34 (0.18–0.63) Age, Davies score, Ischemic
heart disease and modality
choice

Pyart et al. [41] >70 Treatment decision D versus CC 0.55 (0.45–0.66) Age, sex and CCI
Raman et al. [26] >75 eGFR

<15 mL/min/1.73 m2
D versus CC 0.61 (0.41–0.91) Age, living alone and

peripheral vascular disease
>75 eGFR

<10 mL/min/1.73 m2
D versus CC 0.36 (0.21–0.62) Age and peripheral vascular

disease
>85 eGFR

<15 mL/min/1.73 m2
D versus CC 0.72 (0.25–2.08) Age, living alone and

peripheral vascular disease?
>85 eGFR

<10 mL/min/1.73 m2
D versus CC 0.15 (0.02–1.19) Age and peripheral vascular

disease?
Shum et al. [37] >65 Stage G5 PD versus CC 0.46 (0.31–0.68) Age, modified CCI and basic

activities of daily living
impairment

Teo et al. [38] – ESRD (creatinine 880
μmol/L)

D versus CC
PD versus CC
HD versus CC

0.34 (0.21–0.54)a

0.44 (0.22–0.86)
0.26 (0.13–0.51)d

Age, sex, race and ejection
fraction >50%, type of
therapy centre
(charities/private)

Van Loon et al. [31] ≥65 Start dialysis/decision
CC

D versus CC 0.47 (0.25–0.89) Age, comorbidity level and
GFR category

Verberne et al. [39] >70 Treatment decision D versus CC 0.60 (0.42–0.84) Age, sex and Davies
comorbidity score

Bold HRs were used for the meta-analysis.
aThe HR given for multiple dialysis groups (i.e. HD and PD groups [24, 38] or patients who started on dialysis and who had not started yet [22]), were pooled using a fixed-effects model.
bThe CC group was defined as ‘no-dialysis by patient’.
cThe HR and CI were calculated by dividing the HR of the ‘dialysis indication’ group divided by the ‘no-dialysis patient’ group and using the standard error of the ‘no-dialysis patient’
group by ‘no-dialysis nephrologist’ group. The study is not included in the meta-analysis since dialysis initiation was a competing event.
dThe HR was calculated using standard errors of the HR of PD versus CC.
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FIGURE 5: Unadjusted median survival outcomes, grouped per reference point of survival analysis. The minimum age for inclusion in each
study is shown if applicable. Note that as these data are unadjusted, (sometimes large) imbalances between the dialysis and conservative care
groups may exist, including older age, greater presence of severe comorbidity, more frailty, worse functional performance and worse cognitive
performance in the group opting for CC. Please refer to Table 2 and Supplementary data, Table S4 for more details.

Table 4. Ranges of unadjusted survival outcomes between studies

From treatment decision (if not available: eGFR <20 or <15
mL/min/1.73 m2) From start of dialysis (or eGFR <10 mL/min/1.73 m2)

Survival n D CC n D CC

Median (months) 14 20–67 6–31 6 29–42 6–16
1 year 13 72–97 31–85 8 74–92 29–66
2 years 11 46–89 13–64 7 60–79 13–41
5 years 8 11–55 1–20 2 32–43 4–21

FIGURE 6: Unadjusted 2-year RRs for patients with severe comorbidity.

guidelines. Also, we focused on studies reporting an explicit
choice for either dialysis or CC treatment pathways and
comparing survival (from intention to treat) between both
groups. Authors were contacted if the population of interest
or the presence of an explicit treatment decision was not

clear. Our approach limited the risk of including selected
patients for whom the nephrologist decided that dialysis was
not appropriate. A limitation of our systematic review is that
not all articles could be included in the formal meta-analysis
due to clinical and methodological heterogeneity among the
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studies and, primarily, a lack of adjustment for confounders.
Additional heterogeneity was introduced by the inclusion of
a small number of as-treated analyses [28, 35, 40]. Besides
the likely significant (residual) confounding when comparing
groups, we could not assess the validity of the assumptions of
the models used in the included studies. All studies reporting
adjusted HRs used Cox proportional hazards models, but only
two studies reported checking any of the assumptions [39, 41].

Using observational data, it is important to consider the
risk of bias and generalizability, for multiple reasons. First, our
results on both unadjusted and adjusted survival should be
taken with caution because of (residual) confounding. Patients
opting for dialysis were younger and had fewer comorbid
conditions. Adjustment for these factors showed only a
relatively small effect, likely explained by other confounding
factors. Several other geriatric impairments, including frailty,
have been associated with increased mortality in prior studies
[51–53]. Although numerous studies have shown a higher
prevalence of frailty and functional and cognitive impairments
in the CC group [22, 24, 28–31, 33–35, 40, 41], none
adjusted for these discrepancies. The study by Pyart et al. [41]
showed that frailty better predicts outcomes compared with
comorbidity. This would imply that the lower mortality risk
found in patients treatedwith dialysis could be partly explained
by the severity of disease in the CC group, meaning that (due
to residual confounding) the actual survival benefit of dialysis
may be less. This is also illustrated by two studies [39, 41]
in which significantly more patients choosing CC, compared
with those choosing dialysis, died before they would (putative)
have started dialysis. For a more adequate comparison of
survival between CC and dialysis, future non-randomized
studies should take factors such as frailty, cognitive impairment
and other confounders, e.g. functional status [35] and the rate
of decline of kidney function [21, 54], into account.

Second, the moment of treatment decision differs between
patients, potentially leading to selection bias. Ideally, to limit
this bias, our review would have focused solely on treatment
decision as the starting point for survival analysis. However, as
this was only available in three studies [22, 39, 41], we chose
to also present results of other starting points. Furthermore,
although guidelines suggest starting education on different
treatment modality options early [1, 2], it has been reported
that older patients may articulate their decision at a late stage
of disease course or switch from their initial intention to treat
[30, 49].

Third, the generalizability of the study findings may be
an issue for interpretation of our outcomes, particularly on
absolute survival, because of stringent inclusion and exclusion
criteria in several studies (e.g. concerning severe comorbidities
[26], reduced life expectancy [27], acute referrals [38], sex [40]
or high numbers of transplanted patients [29]). The percentage
of patients undergoingCC in the different studies variedwidely
(6–77%), illustrating differences in study populations and/or
the delivery and acceptability of CC as a viable treatment
option among countries [55, 56].

Future studies reporting survival comparisons between
dialysis and CC should include a clear definition of CC (i.e.
distinguishing between CC and delaying the dialysis decision

with a stable clinical status in terms of eGFR and limited
clinical uraemic symptoms), report outcomes on multiple and
comparable starting points of survival analysis and ensure
the comparability of groups. Randomized controlled trials,
such as the ongoing Prepare for Kidney Care study [57], are
the ideal study design for this; however, study populations
in randomized trials tend to differ significantly from real-
world populations due to (explicit or implicit) selection. Non-
randomized studies should prospectively look at intention-to-
treat analysis, not only adjusting for the common confounding
factors such as age and comorbidities, but also using essential
data on the impact of frailty and functional and cognitive
status [31, 33, 41]. One study, which incorporates geriatric
assessment for this purpose, is ongoing in The Netherlands
[58]. Furthermore, including patients opting forCC in national
renal registries may provide opportunities to further compre-
hend the prognosis and outcomes, guide tailored treatment
decisions and stimulate research improving their management
[33].

In conclusion, our systematic review and meta-analysis
demonstrate that patients opting for dialysis have an overall
lower mortality risk compared with patients opting for CC,
even patients with severe comorbidity and older age, granting
that data were limitedly comparable, and the current evidence
is insufficient to provide conclusions on absolute survival bene-
fit. High-quality prospective studies are needed to substantiate
and extend these methodologically conditional findings and to
extend findings for individual prediction of survival outcomes
in clinical practice.
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