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Abstract

Background: Studies of the timing of ESRD have primarily defined “early” versus “late”
initiation of dialysis using eGFR-based criteria. Our objective was to determine the theoretical
timethat could be spent in CKD stage 5 prior to reaching a conservative eGFR threshold of 5
mL/min/1.73 m2 compared to the actual time spent in CKD stage 5 by risk factors of interest.

Methods: 870 Chronic Renal Insufficiency Cohort participants with CKD stage 5 who started
renal replacement therapy (RRT) were included for retrospective study. We used mixed models to
estimate the person-specific trajectory of renal function. We then used these individual trajectories
to estimate the amount of time that would be spent in CKD stage 5 (between eGFR of 15 and 5
mL/min/1.73 m2) and compared this estimate to the actual time spent in CKD stage 5 prior to
ESRD (between eGFR of 15 mL/min/1.73 m2 and ESRD).

Results: We found the median observed time between eGFR of 15 mL/min/1.73 m? to RRT was
9.6 months, but the median predicted time between eGFR of 15 mL/min/1.73 m? to eGFR of 5
mL/min/1.73 m2 was 17.7 months. Some of the largest differences between the predicted and
actual amount of time spent in CKD stage 5 were noted among those with SBP<140 mm Hg (9.7
months longer predicted compared to actual), proteinuria <1 g/g (9.1 months), and serum albumin
=3.5 g/dL (9.0 months).

Conclusion: We found marked differences between the actual and predicted time spent in CKD
stage 5 based on risk factors of interest. We believe that placing timing of dialysis initiation in the
perspective of time is novel, and may identify subgroups of patients who may derive particular
benefit from a more concerted effort to delay RRT.
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Introduction

The transition from advanced chronic kidney disease (CKD) to end-stage renal disease
(ESRD) represents a vulnerable period, when multiple physiologic and psychosocial
changes occur as patients prepare for either dialysis or kidney transplantation. Observational
studies have suggested a lack of survival benefit to early initiation of dialysis or earlier
preemptive transplantation [1-4]. A large randomized controlled trial (the Initiating Dialysis
Early and Late [IDEAL] trial) also did not show a survival benefit to earlier (eGFR of 10-14
mL/min/1.73m?) versus later dialysis initiation (5-7 mL/min/1.73m2) [2]. The 2015 Kidney
Disease Outcomes Quality Initiative guidelines for hemodialysis do not currently specify an
eGFR threshold at which dialysis should be initiated [5]. However, in the United States, over
half of all patients begin dialysis at an eGFR above 10 mL/min/1.73 m? despite the lack of
known benefit to earlier RRT initiation [6].

A number of studies have examined the timing of initiation of renal replacement therapy
(RRT) based on the level of eGFR at the start of dialysis or receipt of kidney transplant [7—
11]. However, few studies have characterized “early” versus “late” RRT initiation based on
the amount of additional time that could be gained if nephrologists were to adopt a strategy
of explicitly targeting a low eGFR threshold (e.g. eGFR of 5 mL/min/1.73 m?) in clinical
practice. Quantifying “early” versus “late” RRT initiation in metrics of time as opposed to
eGFR level may be more useful, given that the amount of time left before dialysis is of
greatest concern for most patients with CKD stage 5. For providers, this data may provide a
framework for discussions regarding the time that could potentially be available if patients
were to partner with their providers to try to delay the initiation of dialysis for as long as
possible.

In this study, our objective was to compare the predicted amount of time that would be spent
between entry into CKD stage 5 and eGFR of 5 mL/min/1.73 m? against the actual observed
time between entry into CKD stage 5 and initiation of RRT among participants of the
Chronic Renal Insufficiency Cohort (CRIC) study. We also examined the extent to which
risk factors known to affect CKD progression were associated with differences between the
predicted and actual time between CKD stage 5 and RRT initiation.

Material and Methods

Study population

The CRIC study is a NIH-sponsored, multi-center, observational cohort that enrolled
patients from seven clinical centers located throughout the United States [13]. Participants
with estimated glomerular filtration rate (eGFR) between 20-70 mL/min/1.73 m?2 based on
the Modification of Diet in Renal Disease (MDRD) equation were recruited for study
between June of 2003 and September of 2008. The inclusion and exclusion criteria have
been previously published [13,14]. CRIC participants were followed annually at in-person
study visits, during which medical history, medication use, co-morbidity, and laboratory data
were routinely assessed. For this study, we included the 870 CRIC participants with data
available in CKD stage 5 (eGFR below 15 mL/min/1.73 m2), of whom 772 started RRT
during our follow-up period.

Am J Nephrol. Author manuscript; available in PMC 2020 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ku et al. Page 3

Modeling renal function trajectory across CKD stages

We estimated renal function using the CKD-EPI creatinine-based equation [15]. We used
creatinine to estimate GFR because it is the biomarker most commonly used in clinical
practice and therefore results can be most easily extrapolated to patient care. We used linear
mixed modeling to estimate changes in eGFR over time from CRIC enrollment until ESRD
onset using all data available from time of entry into CRIC. Our mixed models included
person-specific linear and quadratic time terms to accommodate non-linearities in eGFR
trajectory and provide a flexible fit for each individual as previously described [16]. We
adjusted these mixed models for age at the time of cohort entry and race (black vs. non-
black).

Examination of time spent in each CKD stage according to factors of interest

We first categorized patients by their predicted versus actual observed time to RRT into four
scenarios: 1) predicted time longer than actual observed time to RRT with RRT occurring
during the follow-up period; 2) predicted time shorter than actual observed time to RRT with
RRT occurring during the follow-up period 3) predicted time shorter than end of study with
no observed RRT during the follow-up period, and 4) predicted time longer than end of
study with no observed RRT during the follow-up period. The goal of this analysis was to
provide an overall qualitative description of the distribution of patients included for analysis.

Next, we used the person-specific trajectories described above to estimate differences in the
predicted versus actual amount of time spent in CKD stage 5 based on the presence or
absence of individual factors of interest. For this analysis, we only included the 772
participants who were observed to develop ESRD during our follow-up period. Factors that
we examined included demographic characteristics (age at entry into CKD stage 5
[categorized as =60 years versus <60 years], sex, and race and ethnicity [white, black, or
Hispanic]), co-morbidities (presence or absence of cardiovascular disease [by self-report],
uncontrolled blood pressure [SBP =versus <140 mm Hg], obesity [body mass index = or <30
kg/m2], diabetes [yes/no], tobacco use [yes/no], and medication use [angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB), statins, and diuretics]),
and laboratory findings that may factor into the decision to initiate RRT (hemoglobin Alc
among diabetic patients [< or =7.5%], proteinuria [< or =1 g/g], serum albumin [> or <3.5
g/g], sodium [= or <130 meq/L], potassium [> or <5.5 meg/L], bicarbonate [> or <22
meq/L], and serum blood urea nitrogen [> or < 50 mg/dL]). For all non-fixed covariates, we
used the values at the first visit upon entry into CKD stage 5 (eGFR of 15 mL/min/1.73 m2)
to define their presence or absence as risk factors for progression.

We tested whether the differences between the predicted time to eGFR of 5 mL/min/1.73 m?
and the actual time to RRT based on each factor of interest were statistically significantly
different using chi-square, Wilcoxon rank sum or Kruskal-Wallis tests. We chose an eGFR
threshold of 5 mL/min/1.73 m? to define “late” RRT initiation since much of the literature
on the timing of dialysis initiation has used this as the lower eGFR threshold of interest, and
this was the lower threshold in one of the treatment groups in the IDEAL trial [2,12].
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Although our main focus was on unadjusted analyses as our primary models, we also used
multivariate logistic regression including all demographic, co-morbidity, and laboratory data
as predictors of interest to determine which factors were most strongly associated with odds
of a >8-month difference between the predicted and actual time spent in CKD stage 5 among
those observed to develop ESRD during our follow-up period. We selected an 8-month
period as our outcome of interest because this represented the median difference between the
predicted and actual time spent in CKD stage 5. We used backwards selection (with a
threshold p-value of <0.10) to identify the factors most predictive of early RRT initiation and
included these factors in our final multivariate logistic regression model.

We used de-identified data from the NIDDK Biorepository for analysis, which
administratively censored data as of March 2013. The UCSF Institutional Review Board
considers this study exempt human subjects research.

Study Participants

Characteristics of participants included for analysis at the first visit when eGFR fell below
15 mL/min/1.73 m2 are shown in Table 1. Median age was 60.8 years, 52% were black, and
66% had diabetes. Mean hemoglobin was 11.4 g/dL, and median proteinuria was 1.7 g/g.
Participants who were excluded were older and had higher BUN and lower proteinuria. Of
the 870 participants who entered CKD stage 5, 754 (87%) had predicted time to ESRD that
was longer than the actual observed time to ESRD, versus only 18 participants (2%) had
predicted time to ESRD that was shorter than the actual observed time to ESRD. In addition,
among those not observed to develop ESRD during the follow-up period (98 out of 870
participants), 6 participants had a predicted time to ESRD that was shorter than the end of
study and 92 participants had a predicted time to ESRD that would have been longer than
the end of study.

Factors associated with observed time to RRT

Characteristics of participants who entered CKD stage 5 but did not initiate RRT during our
study period are shown in Supplemental Table 1. Among the 98 participants who did not
develop ESRD, 51 died during the study follow-up period. The observed median time to
RRT was 9.6 months, but the median predicted time to an eGFR of 5 mL/min/1.73 m? was
17.7 months. Thus, the overall median difference between predicted and actual time spent in
CKD stage 5 was 8.1 months.

We examined the amount of observed (i.e., actual) time spent in CKD stage 5 according to
each factor of interest in separate univariate analyses. We found that demographic and co-
morbid factors including age, race, presence of CVD, and smoking were not statistically
significantly associated with the observed time spent in CKD stage 5 (Figure 1A). In
contrast, sex, obesity, lack of diabetes, controlled SBP, and proteinuria <1 g/g were
associated with statistically significantly longer observed time in CKD stage 5 (Figure 1A).
Low sodium, lower serum urea nitrogen, lower Alc, and lower serum albumin were
associated with shorter time spent in CKD stage 5 (Figure 1B). In contrast, use of various
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medications including ACE/ARBsS, statins, and diuretics was not associated with time spent
in CKD stage 5.

Differences between time to RRT and predicted time to eGFR of 5 mL/min/1.73m?

Next, we determined the additional time that could have been spent in CKD stage 5 if an
eGFR threshold of 5 mL/min/1.73 m? had been used for RRT initiation according to each
factor of interest in univariate analysis. The amount of additional time was longest for white
participants (10.1 months), participants with no cardiovascular disease (9.4 months), low
proteinuria (9.1 months), low serum urea nitrogen concentration (10.1 months), and high
serum albumin concentration (9.0 months) as shown in Figure 1B. In contrast, the smallest
differences between the predicted and actual time spent in CKD stage 5 were observed
among participants with low serum sodium (1.6 months, Figure 1A) and among smokers
(5.3 months, Figure 1B).

When we used multivariate logistic regression models to determine factors independently
associated with larger differences between the predicted and actual time to initiation of RRT
(greater than the median), we found that age, race/ethnicity, smoking status, cardiovascular
disease, SBP, and proteinuria were statistically significantly predictors (Table 2). In our final
multivariate model, age =60 years was associated with a 1.5 times higher odds of having a
large difference between predicted and actual time to RRT (95% CI 1.09-2.06). White race,
non-smokers, absence of cardiovascular disease, and controlled SBP were also associated
with higher odds of larger discrepancies between the predicted and actual time available in
CKD stage 5 prior to RRT (Table 2).

Discussion

Most observational and randomized controlled studies have not demonstrated a benefit to
early initiation of RRT, and some studies have suggested that this strategy may be associated
with harm [17-19]. Yet, despite these data, the mean eGFR at the time of dialysis initiation
has increased to over 10 mL/min/1.73 m2 over the last decade [6,20]. Although many studies
have examined reasons for early versus late RRT initiation based on eGFR criteria, few
studies have been able to quantify the magnitude of additional time that could be spent in
CKD stage 5 if RRT were to be initiated at a more conservative eGFR threshold (e.g. <5
mL/min/1.73 m2). In our study, we found that even among CRIC participants, RRT could
potentially be delayed by a median of 8 months if patients could be managed medically until
reaching an eGFR of 5 mL/min/1.73m2. The greatest discrepancies between the actual and
predicted times spent in CKD stage 5 were noted among white participants, those with
controlled SBP and without substantial proteinuria, and in the absence of cardiovascular
disease in both univariate and multivariate analyses. In contrast, tobacco use, low serum
sodium, and higher serum urea nitrogen were associated with smaller discrepancies between
the observed and predicted time in CKD stage 5. We believe our study identifies
characteristics of individuals who may benefit from a more concerted effort to delay the
initiation of RRT.

Currently the Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines recommend
that the decision to initiate dialysis should not be based solely on any particular eGFR
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threshold among asymptomatic patients [5]. However, current trends in practice still show
that dialysis is being initiated at higher eGFR levels despite the lack of demonstrated
survival or quality of life benefit with this approach [9,20]. We believe our estimation of the
potential magnitude of additional time that could be spent in CKD stage 5 if RRT were
started at a more conservative threshold is informative and supports the need to reassess the
threshold for uremic symptoms that may warrant initiation of RRT. These data may be
helpful to providers in timing the appropriate placement of dialysis access, counseling of
patients regarding their prognosis, and identifying the subsets of patients in whom it may be
possible to delay RRT initiation for a substantial period of time. Given that the average
annual cost of hemodialysis is around $90,000 per year, delaying dialysis by 8 months could
represent average savings of $60,000 per patient in the United States.[21] While we
acknowledge that widespread implementation of a policy where dialysis is initiated later
could provide cost-savings, such a treatment strategy will also necessitate more personnel
support to closely monitor patients during the advanced stages of CKD if dialysis initiation
is delayed.”

Whereas prior randomized controlled trials have suggested a benefit to continuation of ACE
inhibitors in the setting of CKD stage 4 [22], fewer studies have examined this question
within a large number of patients with CKD stage 5. We found that continuation of ACE
inhibitor or ARB use in CKD stage 5 was not associated with substantial differences in the
observed time spent in CKD stage 5. The presence of uncontrolled proteinuria was
associated with less additional predicted time in CKD stage 5, although this difference was
small (1.4 months). It is possible that the relatively small estimated difference between
predicted and observed time in stage 5 CKD based on proteinuria explains the lack of
apparent benefit of ACE or ARB use, although we caution that our results are observational
and may not imply causation.

Of interest, we did find older age to be associated with longer observed time spent in CKD
stage 5, but the actual difference between those older versus younger than 60 years of age
was small (on the order of three months). Although our findings are consistent with those of
prior studies, which have described slower progression of CKD and later onset of RRT needs
in older individuals [23,24], our data suggest that age may be less important than previously
described when considered in terms of time. This discrepancy highlights the novelty of our
study in its translation of risk estimates (represented by odds ratios) with associated time
differences in the onset of RRT by risk factors such as age. There was also little difference in
the additional time that could be available in CKD stage 5 by age based on the modeled time
in CKD stage 5.

Of the laboratory factors we studied, low serum urea nitrogen, high serum albumin, and
eunatremia were associated with longer amount of additional time that could theoretically be
spent in CKD stage 5. However, none of these factors remained important in analysis that
adjusted for other clinical factors. Surprisingly, elevated hemoglobin Alc was associated
with longer observed time and larger discrepancies in the amount of additional time that
could be spent in CKD stage 5. Although the reasons for this observation are unclear, we
speculate that lower hemoglobin Alc among those with diabetes may reflect the severity of
renal disease (i.e., “burnt out diabetes™) rather than tight blood glucose control [25]. This
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possibility is supported by the observation that when we examined diabetes as the factor of
interest (rather than hemoglobin Alc), those with diabetes spent less time in CKD stage 5
compared with those without diabetes (but the difference in time was small).

The strengths of our study include the use of a well-characterized, nationally representative
cohort of CKD patients with longitudinal follow-up and careful ascertainment of co-
morbidities and outcomes of interest in one of the largest cohorts of patients with stage 5
CKD. In addition, we believe our time-centric approach to the study of timing of dialysis
initiation to be novel and our data informative for providers and patients, especially for the
purposes of prognostication and counseling. However, we note several limitations to our
study, including its observational nature and the lack of granular data on acute kidney injury
events that may have occurred in the immediate period prior to RRT initiation. We also do
not have data on factors that influenced the actual decision to initiate RRT or the
contribution of symptoms that may have driven such decisions. In addition, participants in
CRIC may not be representative of non-study participants, and the amount of time spent in
CKD that we describe may be representative of participants receiving optimal therapy under
the care of nephrologists. However, we do note that a prior study using the CRIC cohort has
described the median eGFR at time of dialysis initiation to be around 10 mL/min/1.73 m?2,
which is consistent with practice patterns in the United States as described previously.[26]
Finally, we acknowledge that our findings may be reflective of practice patterns in the
United States and may not reflect practice patterns in other countries.

In conclusion, we believe that initiation of RRT occurs substantially earlier than would be
predicted, although we are unable to pinpoint the exact reasons for the decision to start
dialysis. Aside from eGFR, there appear to other factors associated with the time spent in
CKD stage 5 and the decision to initiate dialysis. We have identified characteristics of
individuals who may be more likely to have slow progression of disease and spend a
significant amount of time in CKD stage 5. Further studies are needed to identify the subset
of patients who may safely delay initiation of RRT and to elucidate the impetus behind the
complex decision to initiate RRT by both patients and providers alike.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Observed versus predicted time available in CKD stage 5 based on demographic and
comorbid data associated with progression of CKD.

Reference group used in tests for statistically significant differences for all characteristics is
the first row for each subdivision (e.g. age < 60 years, white race).
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Observed versus predicted time available in CKD stage 5 based on medication and
laboratory data associated with progression of CKD.
Reference group used in tests for statistically significant differences for all characteristics is

the first row for each subdivision (e.g. no diuretic, no ACE/ARB).
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Baseline characteristics of CRIC participants at entry into CKD stage 5.

Table 1.

Baseline Characteristics (N=870)

N (%) or Mean + SD

Median age (years) [interquartile range]

60.9 [52.2-67.8]

Female 380 (43.7)
Race/ethnicity
White 213 (24.5)
Black 453 (52.1)
Hispanic 166 (19.1)
Other 38(4.4)
Obese 496 (57.1)
Any cardiovascular disease 393 (45.2)
Diabetes 573 (65.9)

Systolic BP (mm Hg) [IQR]

137.3[122.7-155.3]

Attributed cause of renal disease

Diabetes 367 (42)
Hypertension 171 (20)
Other 84 (10)
Unknown 248 (29)
Current smoker 137 (15.8)
Serum potassium meq/L 45+0.6
Hemoglobin (g/dL) 11416
Serum CO, (mmol/L) 22.1+35
Serum Urea Nitrogen (mg/dL) 50.8 +18.0
Serum albumin (g/dL) 3.7+£05
Urine protein/creatinine ratio (g/g) [IQR] 1.7 [0.7-3.8]
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Table 2.

Page 13

Odds of starting dialysis earlier than expected (more than 8 months prior to predicted time to eGFR of <5
mL/min/1.73 m2) in final multivariate analysis.

Characteristic (N=772)

Odds ratio (95% CI)

Age =60 years (vs. <60 years)

1.50 (1.09-2.06)

Race
White 1.64 (1.14-2.36)
Black Ref
Hispanic 0.82 (0.53-1.26)

No cardiovascular disease (versus presence of CVD)

1.75 (1.28-2.41)

Non-smoker (versus smoker)

1.59 (1.03-.2.45)

Systolic BP <140 mm Hg (versus 2140 mm Hg)

1.40 (1.02-1.93)

Urine protein/cre ratio <1g/g (versus =1 g/g)

1.24 (0.88-1.73)
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