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Abstract

Background and objectives Early nephrology referral is recommended for people with CKD on the basis of
observational studies showing that longer nephrology care before dialysis start (predialysis care) is associated
with lower mortality after dialysis start. This association may be observed because predialysis care truly reduces
mortality or because healthier people with an uncomplicated course of disease will have both longer predialysis
care and lower risk for death. We examined whether the survival benefit of longer predialysis care exists after
accounting for the potential confounding effect of disease course that may also be affected by predialysis care.
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Design, setting, participants, & measurements We performed a retrospective cohort study and used data from 3152
adults with end stage kidney failure starting dialysis between 2004 and 2014 in five Canadian dialysis programs.
We obtained duration of predialysis care from the earliest nephrology outpatient visit to dialysis start; markers of
disease course, including inpatient or outpatient dialysis start and residual kidney function around dialysis start;
and all-cause mortality after dialysis start.

Results The percentages of participants with 0, 1-119, 120-364, and =365 days of predialysis care were 23%, 8%,
10%, and 59%, respectively. When we ignored markers of disease course as in previous studies, longer predialysis
care was associated with lower mortality (hazard ratioi2-364 versus 0-119 days, 0.60; 95% confidence interval, 0.46 to
0.78]; hazard ratio=3e5 versus 0-119 days, 0-60; 95% confidence interval, 0.51 to 0.71; standard Cox model adjusted for
demographics and laboratory and clinical characteristics). When we additionally accounted for markers of disease
course using the inverse probability of treatment weighted Cox model, this association was weaker and no longer
significant (hazard ratio 20364 versus 0-119 days, 0-84; 95% confidence interval, 0.60 to 1.18; hazard ratio=sss versus 0-119 daysr
0.88; 95% confidence interval, 0.69 to 1.13).

Conclusions The association between longer predialysis care and lower mortality after dialysis startis weaker and
imprecise after accounting for patients’ course of disease.
Clin | Am Soc Nephrol 13: 893-899, 2018. doi: https://doi.org/10.2215/CJN.11951017

Introduction

CKD is a global health problem affecting approxi-
mately 10% of the adult population (1), and it is
associated with increased risks of end stage kidney
failure, cardiovascular disease, and mortality (2,3).
Physicians must decide who to refer for specialty
nephrology care and at what point during the disease
course to refer them. Over the past three decades, >40
cohort studies have examined the association between
duration of nephrology care before dialysis start
(predialysis care) and patient outcomes after dialysis
start (4-6). A systematic review found 40% lower
mortality in people treated with dialysis for kidney
failure who received at least 1 month of predialysis
care (defined as “early referral”) compared with those
with shorter or no predialysis care (6). On the basis of
these observational studies, guidelines (7-9) recom-
mend referral to nephrology services for people with
CKD who have an eGFR<30 ml/min per 1.73 m?, a
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consistent finding of significant albuminuria, or signs
of progressive disease (8). These guidelines have
significant policy implications, because as many as five
in 1000 people are potential candidates for referral to a
nephrologist on the basis of eGFR alone (10)—far more
patients than could be cared for given current resource
constraints.

The evidence informing nephrology referral guide-
lines has been assessed as low to moderate quality (6).
One concern is that previous studies looked back from
the start of dialysis to define early or late referral and
thus, the duration of predialysis care. This approach
implies that dialysis start is predictable and that
health care providers can both largely control the
course of disease and determine the duration of
predialysis care. Although predialysis care may
slow CKD progression and reduce the risk of acute
cardiovascular events or infections that may abruptly
lower kidney function and require unplanned dialysis
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start, it is very difficult to predict whether and when a
person with CKD will reach kidney failure (11). Acute
unpredictable events may occur that shorten predialysis
care or cause kidney failure quickly, making it impossible
for patients to receive predialysis care (11). Because these
events are associated with both the underlying patient
health conditions and subsequent mortality, shorter pre-
dialysis care may be the result of a complicated course of
disease, with rapid progression, in a sicker patient (Figure 1).

Given the current emphasis on early nephrology referral
and the lack of evidence from randomized, controlled trials
to support such recommendations (8), we aimed to exam-
ine the association between duration of predialysis care
and mortality after dialysis start in a cohort of Canadian
adults using two approaches. In the first approach, we used
traditional methods that do not account for markers of
disease course, because this approach assumes that pre-
dialysis care reduces the risk of acute events and thus,
reduces mortality. As a result, markers of disease course are
regarded as an intermediate variable and cannot be
adjusted for in regression models. In the second approach,
we used techniques that accounted for markers of disease
course that may affect both the duration of predialysis care
and mortality and that may be affected by predialysis care.

Materials and Methods
Study Design and Participants

We did a retrospective cohort study using data from the
Dialysis Measurement Analysis and Reporting (DMAR) system
(12). The DMAR consecutively enrolled people who initiated
dialysis for end stage kidney failure in the opinion of their
attending nephrologist; received a single outpatient dialysis
treatment; and presented with AKI or acute on chronic kidney
injury and received 28 days of dialysis, regardless of whether
they received an outpatient treatment. We identified people
ages =18 years old who initiated dialysis between January 1,
2004 and August 31, 2014 at five Canadian sites (London
Health Sciences Centre, the Ottawa Hospital, Sunnybrook
Health Sciences Centre, the Manitoba Renal Program, and
the Southern Alberta Renal Program-Calgary Zone). We
excluded people who initiated dialysis after a failed kidney
transplant.

Data Sources

The DMAR collects prospective, high-quality data for the
purpose of quality improvement using an interactive, web-
based data collection system. Data were entered by trained
frontline staff using a standardized coding scheme. To
ensure rigorous data quality, all data elements collected
from medical records at the participating sites were double
reviewed by the same two investigators (R.R.Q. and M.J.O.).
Discrepancies identified during this review were communi-
cated in real time to end users and were rectified before
analysis. Data elements for this study included demographics,
duration of predialysis care, height and weight, comorbidities,
last available laboratory parameters before the start of dialysis,
initial dialysis modality, setting of dialysis start, reasons for
hospitalization at dialysis initiation (for inpatient starts), and
follow-up information on outcome events. Ethics approvals
were obtained at all participating sites. Patient consent was
waived.

A Mediation only
Course of disease
Duration of predialysis care ——» Mortality after dialysis start
B Allowing for both mediation and confounding

Unknown factors

Course of disease

N\

Duration of predialysis care — Mortality after dialysis start

Figure 1. | The course of disease may mediate (top diagram) or
confound (bottom diagram) the association between duration of
predialysis care and mortality after dialysis start. Causal diagrams
representing two possible scenarios of the influence of the course of
disease on the association between duration of predialysis care and
mortality after dialysis start. (A) The course of disease is an effect
mediator on the causal pathway between duration of predialysis care
and mortality after dialysis start. Under this assumption, the total effect
of duration of predialysis care is estimated ignoring the influence of
markers of disease course. (B) The course of disease may be both a
mediator and a confounder of the relationship of interest. Condi-
tioning the analysis on markers of disease course (adjustment by re-
gression or stratification) in these situations could introduce collider
bias (course of disease is a collider on the causal path: duration of
predialysis care — course of disease < unknown factors — mortality
after dialysis start). Marginal methods have been proposed to control
for this form of confounding and minimize collider bias (21).

Exposure

The exposure of interest was the duration of predialysis
care from the earliest recorded nephrology outpatient visit
to the start of dialysis, which we categorized as 0, 1-119,
120-364, or =365 days as in previous studies (13-18) and
on the basis of expert opinion (8).

Markers of Disease Course

We used the setting of dialysis start and eGFR on the
basis of the last available serum creatinine measurement
before dialysis start as markers of disease course that may
reflect a change in the course of disease (11). For example,
an unexpected decline in kidney function will be more
likely lead to an inpatient (unplanned) dialysis start. In addition,
eGFR measurements are artificially elevated in the setting of
AKI, because serum creatinine measurements are not in
equilibrium. As a consequence, a higher eGFR at the start of
dialysis may reflect AKI or congestive heart failure with volume
overload.

Outcome

The outcome of interest was all-cause mortality. Partic-
ipants were followed from the time of dialysis start to the
earliest of death, transplant, termination of dialysis due to
recovery of kidney function, transfer out of the program,
loss to follow-up, or end of the study (March 31, 2015).

Statistical Analyses

In outcome analyses, we first used Cox regression to
examine the association between duration of predialysis
care and mortality (Figure 1A). As in previous studies, we
assumed that predialysis care influences the course of
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disease, which mediates the effect of predialysis care on
mortality. Markers of disease course are an intermediate
variable on the causal path from duration of predialysis care
to mortality in this scenario and cannot be controlled
for (19). We, therefore, only adjusted this analysis for
demographic characteristics, dialysis programs, serum
albumin, and comorbidities. In the second approach, we
used a Cox model with stabilized inverse probability of
treatment weighting (IPTW) obtained using propensity
score methodology (20-22) to account for the same covariates
considered above and for markers of disease course (Figure
1B). This method first creates a pseudopopulation using
IPTW, from which the covariate distribution becomes
balanced across groups with different durations of predialysis
care, and then estimates the exposure-outcome association
in the weighted sample. Both setting of dialysis start and
eGFR around dialysis start may be affected by predialysis
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care, and both may affect the duration of predialysis
care and patient outcomes. These conditions motivated
the use of weighted (marginal) outcome analysis to ac-
count for these complex relationships as opposed to
standard regression methods. Methods for IPTW estimation
and distributional checking (23) are in Supplemental
Material.

In sensitivity analyses, we repeated the same analyses
excluding people without predialysis care who may be
sicker and more likely to start dialysis in an inpatient
setting than people who received predialysis care. We also
repeated all analyses on the basis of patientwise deletion
for missing values (complete patient analysis) and by
defining the duration of predialysis care as 0-119 or =120
days.

For all models, we verified the proportional hazards
assumption using graphic methods. Details on model

Table 1. Participant characteristics by duration of predialysis care
Predialysis Care Any Predialysis Care, d
Characteristic el
n=3152 No, Any, 1-119, 120-364, =365,
n=738 n=2414 n=264 n=305 n=1845
Demographics
Age, yr 64x15 63x16 65*15 63x16 64+16 65+15
Age =65 yr 1726 (55) 377 (51) 1349 (56) 140 (53) 153 (50) 1056 (57)
Men 1928 (61) 472 (64) 1456 (60) 152 (58) 195 (64) 1109 (60)
BMI, kg/m? 28.4+x7.2 28.3%7.7 28.4+7.0 27.7+7.4 275%6.4 28.6+7.1
Presence of comorbidities
Diabetes 1656 (53) 292 (40) 1364 (57) 135 (51) 174 (57) 1055 (57)
Coronary artery disease 1067 (34) 251 (34) 816 (34) 77 (29) 95 (31) 644 (35)
Congestive heart failure 937 (30) 248 (34) 689 (29) 72 (27) 87 (29) 530 (29)
Other cardiac disease 907 (29) 273 (37) 634 (26) 58 (22) 85 (28) 491 (27)
Cerebrovascular disease 490 (16) 100 (14) 390 (16) 32(12) 45 (15) 313 (17)
Peripheral vascular disease 532 (17) 121 (16) 411 (17) 42 (16) 49 (16) 320 (17)
Cancer 633 (20) 173 (23) 460 (19) 74 (28) 63 (21) 323 (18)
Chronic obstructive lung disease 215 (7) 60 (8) 155 (6) 15 (6) 14 (5) 126 (7)
Polycystic kidney disease 111 (4) 3(04) 108 (4) 4(2) 5(2) 99 (5)
Gastrointestinal bleeding 299 (9) 91 (12) 208 (9) 20 (8) 20 (7) 168 (9)
Setting of dialysis starts
Outpatient 1400 (44) 15 (2)* 1385 (57) 111 (42) 169 (55) 1105 (60)
Inpatient 1752 (56) 723 (98) 1029 (43) 153 (58) 136 (45) 740 (40)
Modality of dialysis initiation
CRRT 228 (7) 182 (25) 46 (2) 5(2) 5(@) 36 (2)
HD 2302 (73) 543(74) 1759 (73) 234 (89) 237 (78) 1288 (70)
PD 622 (20) 13 (2) 609 (25) 25 (9) 63 (21) 521 (28)
Laboratory measurements
eGFR, ml/min per 1.73 m? 75[56-102] 82[52-147] 73[5.79.6] 72[559.7] 73[56-9.6] 7.4[57-9.6]
eGFR, ml/min per 1.73 m?,
category®
<10 2310 (74) 430 (59) 1880 (78) 201 (76) 237 (78) 1442 (78)
10-15 532 (17) 121 (17) 411 (17) 41 (16) 47 (15) 323 (18)
>15 296 (9) 178 (24) 118 (5) 21 (8) 20 (7) 77 (4)
Missing 14 9 5 1 1 3
Serum albumin, g/dl 3.2%0.7 2.7+0.7 3.3+0.7 3.1+0.7 3.2x0.7 3.3x0.7
Serum albumin®
<3.6 g/dl 2070 (67) 613 (88) 1457 (61) 181 (71) 197 (65) 1079 (59)
Missing 78 42 36 8 4 24
Hemoglobin, g/dl 9.7+1.6 9.3+1.7 9.8+1.6 9.3+1.7 9.7*+1.6 9.9+1.5
Values for categorical variables are given as count (percentage); values for continuous variables are given as mean+SD or median
[interquartile range]. BMI, body mass index; CRRT, continuous RRT; HD, hemodialysis; PD, peritoneal dialysis.
*These 15 patients had no outpatient nephrology care before starting dialysis, but they were seen by a nephrologist in an emergency
department and stable enough to start dialysis in an outpatient setting without being admitted to hospital.
®Values do not sum up to subtotal due to missing data.
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checking, power analysis, and methods for multiple impu-
tation of missing values of serum albumin and creatinine
are reported in Supplemental Material.

Results

We identified 3301 people who initiated dialysis at the
five participating programs during the study period. We
excluded 145 people who started dialysis after a failed
kidney transplant, one person age <18 years old, and three
people without age information. A total of 3152 people
were included (median follow-up of 10.5 months).

Participant Characteristics by Duration of Predialysis Care

Participant characteristics according to the duration of
predialysis care are described in Table 1. The percentages
of participants with 0, 1-119, 120-364, and =365 days of
predialysis care were 23%, 8%, 10%, and 59%, respectively.
Compared with people who received predialysis care, those
without predialysis care were younger and less likely to have
diabetes and polycystic kidney disease, but they were more
likely to have congestive heart failure, other cardiac disease,
cancer, or gastrointestinal bleeding. The vast majority (98%)
of people who did not receive predialysis care started dialysis
in an inpatient setting, were more likely to receive an initial
course of continuous RRT, and were less likely to have
peritoneal dialysis as their initial treatment modality. This
group tended to have higher eGFR and lower serum albumin
and hemoglobin levels before starting dialysis than those
with predialysis care.

Among people who received any predialysis care, those
with longer predialysis care tended to be older; tended to
have higher body mass index, serum albumin, and hemo-
globin; were more likely to have polycystic kidney disease;
and were more likely to use peritoneal dialysis as the initial
modality. A smaller proportion of them had eGFR>15 ml/min
per 1.7 3m? before starting dialysis or a history of cancer. Fifty-
eight percent of people with 1-119 days of predialysis care
initiated dialysis in an inpatient setting. This proportion
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decreased to 45% among those with 120-364 days of
predialysis care, but it did not decrease considerably
among those with =365 days of predialysis care (40%).

Among patients who started dialysis urgently in hospi-
tal, patients who received <120 days of predialysis care
were more likely to be admitted for infection, malignancy, or
elective surgery compared with those with longer predial-
ysis care. CKD-related complications requiring urgent ini-
tiation of dialysis were more likely to occur in patients with
longer predialysis care (Supplemental Table 1).

Mortality by Duration of Predialysis Care and Setting
of Dialysis Start

Figure 2 shows that the trend toward lower mortality
with longer predialysis care observed in the overall cohort
was inconsistent and depended on whether a patient
started dialysis in the hospital or not. The numbers of
deaths for people with 0, 1-119, 120-364, and =365 days of
predialysis care were 200, 76, 78, and 456, respectively.
Overall, the mortality in people without predialysis care
was substantially higher than in those with any predialysis
care. People without predialysis care who started dialysis as
an inpatient had the highest mortality. In those who
received predialysis care, mortality tended to decrease
with increasing duration of predialysis care but only after
an outpatient dialysis start.

Association between Duration of Predialysis Care and
Mortality

Figure 3A summarizes hazard ratios (HRs) and 95%
confidence intervals (95% Cls) for mortality after dialysis
start by duration of predialysis care. Compared with
people with 0-119 days of predialysis care, people who
received longer predialysis care had significantly lower
mortality in standard Cox regression (HR120-364 days, 0-60;
95% CI, 0.46 to 0.78; HR=3¢5 days, 0.60; 95% CI, 0.51 to 0.71).
In weighted Cox models, this association was weaker and
nonsignificant (HR120-364 days, 0.84; 95% CI, 0.60 to 1.18;
HR=365 dgayss 0.88; 95% CI, 0.69 to 1.13).
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Figure 2. | The association between duration of predialysis care and mortality after dialysis start differed by setting of dialysis start. Unadjusted
mortality by duration of predialysis care and setting of dialysis start. The numbers of deaths for people with 0, 1-119, 120-364, and =365 days of
predialysis care were 200, 76, 78, and 456, respectively. Error bars represent SEM.
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A All participants

Duration of predialysis care

Overall (n=3152) Hazard Ratio HR 95% CI
#1: Standard Cox model
120-364 vs. 0-119 days —— 0.60 [0.46;0.78]
>=365vs. 0-119 days —— 0.60 [0.51;0.71]
#2: Weighted Cox model
120-364 vs. 0-119 days —_— 0.84 [0.60; 1.18]
>=365 vs. 0-119 days ' I—'—— IOSS [0.69; 1.13]
04 075 1 1.5
B Participants with predialysis care
Duration of predialysis care
Subgroup (n=2414) Hazard Ratio HR 95% CI
#1: Standard Cox model
120-364 vs. 1-119 days — 0.72 [0.52,099]
>=365vs. 1-119 days — 0.70 [0.55;0.90]
#2: Weighted Cox model
120-364 vs. 1-119 days — 0.79 [0.55; 1.16]
>=365vs. 1-119 days : —I’—— |085 [0.63; 1.14]
0.4 075 1 15

Figure 3. | The survival benefit associated with longer predialysis care
was weaker and no longer significant after accounting for markers of
disease course. Hazard ratios (HRs) and 95% confidence intervals (95%
Cls) for mortality associated with duration of predialysis care. Models in-
cluded all participants (A). Models included participants with predialysis
care (B). (7) Standard Cox model adjusted forage atinitiation of dialysis, sex,
dialysis programs, the last available serum albumin before starting dialysis,
and ten comorbidities (diabetes, congestive heart failure, cancer, other
cardiac disease, cerebrovascular disease, coronary artery disease, pe-
ripheral vascular disease, chronic obstructive lung disease, polycystic
kidney disease, and gastrointestinal bleeding). (2) Inverse probability of
treatment weighted Cox model accounting for the same covariates asin the
above Cox model and markers of disease course (inpatient or outpatient of
dialysis start and the last available eGFR before starting dialysis). Analyses
of inverse probabilities of treatment weighting are reported in Supple-
mental Figure 1 and Supplemental Tables 2 and 3.

Sensitivity Analyses

In analyses restricted to people who received predialysis
care, longer duration was significantly associated with
lower mortality in standard analyses (Figure 3B), although
the association was weaker than in the analysis that in-
cluded the full cohort. Conversely, estimates of association
from the corresponding weighted Cox model were similar
to those from the main analysis that included all partici-
pants. We found similar associations in analyses on the
basis of patientwise deletion for missing values of serum
albumin and creatinine (Supplemental Figure 2) or when
predialysis care was defined as =120 versus 0-119 days
(Supplemental Figure 3).

Discussion

In this cohort study of Canadian adults treated with
dialysis, longer predialysis care was associated with lower
mortality using traditional regression techniques that do
not control for the effect of disease course. This approach
assumes that predialysis care improves outcomes by re-
ducing the risk of acute events. When we considered the
possibility that acute events may affect both duration of
predialysis care and mortality after dialysis start, this
benefit was lessened and no longer significant. Although
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our study cannot distinguish between potentially prevent-
able and nonpreventable acute events, this finding deserves
careful examination considering the current recommenda-
tions regarding referral to nephrology care and the impli-
cations of these recommendations from a patient, care provider,
and health system perspective.

Early nephrology referral has long been recommended to
improve patient mortality (6-8). It may provide opportu-
nities for early identification and management of modifi-
able risk factors for progression of CKD, cardiovascular
disease, and CKD-related complications as well as for
education, planning, and preparation for RRT or conserva-
tive management of kidney failure (8). Using an analytic
approach that reflects this view, our data show that people
with longer predialysis care had 40% lower mortality after
dialysis start than people with shorter or no predialysis care.
Our estimates of risk reduction mirror a recent meta-
analysis of 40 cohort studies involving over 60,000 partic-
ipants (6). However, when we allowed for the possibilities
that the risk of acute events may be affected by predialysis
care and that acute events may influence the course of
disease and therefore, may affect both duration of pre-
dialysis care and mortality (19), we found that the benefit
associated with longer predialysis care was weaker and no
longer significant. This finding is consistent with that of a
large study of older people initiating dialysis in the United
States, which found no meaningful survival improvement,
despite an increase (from 30% in 1996 to 49% in 2006) in the
proportion of patients seen by a nephrologist for at least 1
year before initiation of dialysis (24).

Existing studies of the relationship between duration of
predialysis care and survival in people treated with di-
alysis, including our study, have used a “look-back”
approach to define early or late referral on the basis of
the dialysis start date. However, previous studies have
only assumed that predialysis care slows disease progres-
sion and prevents acute events (6). We also considered the
possibility that unpredictable acute events may accelerate
the progression to kidney failure, shorten predialysis care,
and influence patient risk for death. Unmeasured patient
factors, potentially associated with these acute events, may
affect the relationship between duration of predialysis care
and all-cause mortality. For example, referred patients who
are healthier and have more stable CKD tend to be seen by a
nephrologist for longer, are more likely to start dialysis
electively in an outpatient setting, and are generally
healthier. Acute complications of an underlying comorbid
condition, such as a heart attack or an infection, are more
common in people with more severe comorbidities, can be
difficult to predict, and may be independent of the duration
of predialysis care. These events can lead to a rapid loss of
kidney function, necessitating an urgent dialysis start in an
inpatient setting, and negatively affect a patient’s prognosis
(25). In our study, the proportion of inpatient dialysis start
ranged from 58% in people with 1-119 days of predialysis
care to 40% in people with at least 1 year of predialysis care,
suggesting that acute events remain common in people with
CKD, regardless of the duration of predialysis care.

Our study has limitations that are similar to those of
previous studies. First, it is on the basis of a cohort of
people who eventually started dialysis, and therefore, the
effects of nephrology care among those who did not initiate
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dialysis could not be assessed. Future studies should focus
on populations of patients with CKD whose providers are
faced with a decision about whether to refer for specialist
nephrology care. Second, our study population had uni-
versal access to publicly funded predialysis care programs,
and our findings may not be generalizable to other systems
where different funding models are used. Third, we did not
have data on whether predialysis care was provided by a
single nephrologist or a multidisciplinary team. However,
there are no data from clinical trials supporting the
superiority of multidisciplinary predialysis care versus
single-nephrologist practices. Fourth, we focused on mor-
tality as our primary outcome, and there are a number of
other potentially important outcomes to consider. Fifth,
because of its retrospective design, our study could not
control for potential residual confounding due to unequal
distribution of unmeasured factors across groups.

Referral to specialist care is an intervention decision.
People with CKD are referred to nephrology services to
optimize the management of CKD and its complications,
slow CKD progression, and prepare for renal replacement
treatment or conservative care for kidney failure using
pharmacologic and nonpharmacologic interventions (8).
Whether predialysis care interventions improve outcomes
has never been tested in a randomized, controlled trial (6).
When guidelines promote interventions without sufficient
evidence of benefits and risks, widespread inappropriate
use of resources and services may occur. Ultimately,
randomized, controlled trials are needed to clarify whether
early nephrology referral for a given risk of progression to
kidney failure will slow the progression of kidney disease,
prevent adverse events, increase the duration of nephrology
care before kidney failure, and improve outcomes as a
result. High-quality data are also needed, for example, to
clarify who should be referred, what referral criteria can
best identify those at risk, and when they should be
referred; to define what components of nephrology care
before kidney failure may be responsible for the expected
benefits, if any, and what interventions may more favor-
ably influence patient outcomes; to determine the optimal
care model to deliver these interventions (e.g., specialty
clinic versus primary care team or single-nephrologist
practice versus multidisciplinary team); and to determine
what outcomes are important in addition to mortality,
including hospitalization and other measures of morbidity,
patient-reported outcomes, and experience measures.

In conclusion, our study suggests that the survival
benefit associated with longer predialysis care may have
been overestimated in previous studies, because they may
not have adequately addressed confounding by patient
disease course. More data are required to address this
important knowledge gap and explore where the real
potential for improving CKD care is.

Acknowledgments

The authors would like to thank the Dialysis Measurement
Analysis and Reporting frontline staff who collected data that were
used in this study.

P.L. was supported by postdoctoral fellowships from the Cana-
dianInstitutes of Health Research; the Cumming School of Medicine,
University of Calgary; and the Libin Cardiovascular Institute of
Alberta.

Disclosures
None.

References

1.

Mills KT, Xu'Y, Zhang W, Bundy JD, Chen CS, Kelly TN, ChenJ, He
J: A systematic analysis of worldwide population-based data on
the global burden of chronic kidney disease in 2010. Kidney Int
88: 950-957, 2015

. MatsushitaK, van der Velde M, Astor BC, Woodward M, Levey AS,

de Jong PE, Coresh J, Gansevoort RT; Chronic Kidney Disease

Prognosis Consortium: Association of estimated glomerular fil-
tration rate and albuminuria with all-cause and cardiovascular
mortality in general population cohorts: A collaborative meta-
analysis. Lancet 375: 2073-2081, 2010

. Webster AC, Nagler EV, Morton RL, Masson P: Chronic kidney

disease. Lancet 389: 1238-1252, 2017

. Chan MR, Dall AT, Fletcher KE, Lu N, Trivedi H: Outcomes in

patients with chronic kidney disease referred late to nephrolo-
gists: A meta-analysis. Am / Med 120: 1063-1070, 2007

. Smart NA, Titus TT: Outcomes of early versus late nephrology

referral in chronic kidney disease: A systematic review. Am j Med
124:1073-1080.e2, 2011

. Smart NA, Dieberg G, Ladhani M, Titus T: Early referral to spe-

cialist nephrology services for preventing the progression to end-
stage kidney disease. Cochrane Database Syst Rev 6: CD007333,
2014

. Levin A, Hemmelgarn B, Culleton B, Tobe S, McFarlane P, Ruzicka

M, Burns K, Manns B, White C, Madore F, Moist L, Klarenbach S,
BarrettB, FoleyR, Jindal K, Senior P, Pannu N, Shurraw S, Akbari A,
Cohn A, Reslerova M, Deved V, Mendelssohn D, Nesrallah G,
Kappel], Tonelli M; Canadian Society of Nephrology: Guidelines
for the management of chronic kidney disease. CMA/179: 1154—
1162, 2008

. Kidney Disease: Improving Global Outcomes (KDIGO) CKD

Work Group: KDIGO 2012 clinical practice guideline for the
evaluationand managementof chronic kidney disease. Kidney Int
Suppl 3: 112-119, 2013

. National Clinical Guideline Centre (UK): Chronic Kidney Dis-

ease: National Clinical Guideline for Early Identification and
Management in Adults in Primary and Secondary Care (Update),
London: National Institute for Health and Care Excellence (UK),
2014

. Moynihan R, Glassock R, Doust J: Chronic kidney disease con-

troversy: How expanding definitions are unnecessarily labelling
many people as diseased. BMJ 347: 4298, 2013

. O’Hare AM, Batten A, Burrows NR, Pavkov ME, Taylor L, Guptal,

Todd-Stenberg ], Maynard C, Rodriguez RA, Murtagh FE, Larson
EB, Williams DE: Trajectories of kidney function decline in the 2
years before initiation of long-term dialysis. Am J Kidney Dis 59:
513-522,2012

. Quinn RR, Oliver MJ, Devoe D, Poinen K, Kabani R, Kamar F,

Mysore P, Lewin AM, Hiremath S, MacRae J, James MT, Miller L,
Hemmelgarn BR, Moist LM, Garg AX, Chowdhury TT, Ravani P:
The effect of predialysis fistula attempt on risk of all-cause and
access-related death. / Am Soc Nephrol 28: 613-620, 2017

. Roubicek C, Brunet P, Huiart L, Thirion X, Leonetti F, Dussol B,

Jaber K, Andrieu D, Ramananarivo P, Berland Y: Timing of ne-
phrology referral: Influence on mortality and morbidity. Am J
Kidney Dis 36: 35-41, 2000

. Kazmi WH, Obrador GT, Khan SS, Pereira BJ, Kausz AT: Late

nephrology referral and mortality among patients with end-stage
renal disease: A propensity score analysis. Nephrol Dial Trans-
plant 19: 1808-1814, 2004

. Kinchen KS, Sadler J, Fink N, Brookmeyer R, Klag M), Levey AS,

Powe NR: The timing of specialist evaluation in chronic kidney
disease and mortality. Ann Intern Med 137: 479-486, 2002

. Arora P, Obrador GT, Ruthazer R, Kausz AT, Meyer KB, Jenuleson

CS, Pereira BJ: Prevalence, predictors, and consequences of late
nephrology referral at a tertiary care center. | Am Soc Nephrol 10:
1281-1286, 1999

. Roderick P, Jones C, Drey N, Blakeley S, Webster P, Goddard J,

Bourton L, Mason J, Tomson C: Late referral for end-stage renal
disease: A region-wide survey in the south west of England.
Nephrol Dial Transplant 17: 1252-1259, 2002



Clin J Am Soc Nephrol 13: 893-899, June, 2018

18.

19.

20.

21.

22.

23.

Stack AG: Impact of timing of nephrology referral and pre-ESRD
care on mortality risk among new ESRD patients in the United
States. Am J Kidney Dis 41: 310-318, 2003

Glymour MM, Greenland S: Causal diagrams. In: Modern Ep-
idemiology, 3rd Ed., edited by Rothman KJ, Greenland S, Lash
TL, Philadelphia, Lippincott Williams & Wilkins, 2008, pp
183-209

Rosenbaum PR: Model-based direct adjustment. | Am Stat Assoc
82:387-394, 1987

Greenland S: Introduction to regression modeling. In: Modern
Epidemiology, 3rd Ed., edited by Rothman K], Greenland S, Lash TL,
Philadelphia, Lippincott Williams & Wilkins, 2008, pp 444-446
Austin PC: An introduction to propensity score methods for re-
ducing the effects of confounding in observational studies.
Multivariate Behav Res 46: 399-424, 2011

Austin PC, Stuart EA: Moving towards best practice when using
inverse probability of treatment weighting (IPTW) using the

AFFILIATIONS

Predialysis Care and Mortality after Dialysis Start, Liu et al. 899

propensity score to estimate causal treatment effects in obser-
vational studies. Stat Med 34: 3661-3679, 2015
24. Winkelmayer WC, Liu J, Chertow GM, Tamura MK:
Predialysis nephrology care of older patients approaching end-
stage renal disease. Arch Intern Med 171: 1371-1378, 2011
25. Quinn RR, Laupacis A, Hux JE, Oliver MJ, Austin PC:
Predicting the risk of 1-year mortality in incident dialysis patients:
Accounting for case-mix severity in studies using administrative
data. Med Care 49: 257-266, 2011

Received: October 24, 2017 Accepted: January 27, 2018

Published online ahead of print. Publication date available at www.
cjasn.org.

This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.11951017 /-/
DCSupplemental.

'Departments of Medicine and Community Health Sciences, University of Calgary, Calgary, Alberta, Canada; ?Department of Medicine, University of
Toronto, Toronto, Ontario, Canada; *Department of Medicine, University of Ottawa, Ottawa, Ontario, Canada; “Department of Medicine, University
of Alberta, Edmonton, Alberta, Canada; *Division of Nephrology, Western University, London, Ontario, Canada; ®Departments of Medicine,
Epidemiology & Biostatistics, Western University, London, Ontario, Canada; “London Health Sciences Centre, London, Ontario, Canada;
8Department of Medicine, University of Manitoba, Winnipeg, Manitoba, Canada; quidemioIogy Department, High Institute of Public Health,
Alexandria University, Egypt


http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11951017/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11951017/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11951017/-/DCSupplemental

