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Abstract

Background The timing for initiating dialysis in chronic
kidney disease is often determined by the clinical symptoms
and estimated glomerular filtration rate (eGFR). However,
very few studies have examined how the speed of kidney
function decline before initiating dialysis relates to mortality
after dialysis initiation. Here, we report our examination of
the relationship between the speed of eGFR decline in the
3 months prior to dialysis initiation and mortality.
Methods The study included 1292 new dialysis patients who
were registered in the Aichi Cohort Study of Prognosis in
Patients Newly Initiated into Dialysis. The subjects were
placed in 4 groups based on the speed of eGFR decline in the
3 months before initiating dialysis (eGFR at 3 months before
initiation—eGFR at initiation) <2: >2, <4: >4, <6: >6 mL/
min/1.73 m>. All-cause, cardiovascular, and infection-related
mortality rates were compared using Kaplan—Meier curves. A
multivariate analysis using the Cox proportional hazard model
was used to extract the factors that contributed to all-cause
mortality.

Results The group with faster eGFR decline exhibited
significantly more heart failure symptoms when dialysis was
initiated. Rapid eGFR decline correlated with prognosis
(log-rank test: all-cause mortality p < 0.001, cardiovascular
mortality p < 0.001). The speed of eGFR decline was related
to elevated all-cause mortality rates [eGFR decline 10 mL/
min/1.73 m?, HR (95 % CI) = 1.53 (1.12-2.08)].
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Conclusions This study showed that patients with rapid
eGFR decline in the 3 months before initiating dialysis
more often presented with heart failure symptoms when
dialysis was initiated and had poorer survival prognoses.
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Introduction

The timing for initiating dialysis is not definitively decided
through a comprehensive assessment of objective markers
of kidney function such as estimated glomerular filtration
rate (eGFR), presence of uremia symptoms, the degree of
anemia as well as the fluid, electrolyte, and acid-base
balance [1, 2]. Many past studies have shown that prog-
nosis is good if dialysis is initiated when kidney function is
still relatively well-maintained [3-5]. However, in 2010,
the initiating dialysis early and late (IDEAL) study found
no connection between early initiation and improved
prognosis [6], which cast doubt on the merits of early
initiation into dialysis. On the other hand, an observational
study from Japan showed that prognosis was poor in
patients who had high eGFR when dialysis was initiated
[7]. Various countries and regions have created guidelines
by referencing articles, that addressed the relationship
between the timing of dialysis initiation and mortality after
initiating dialysis. While all of these guidelines place
importance on symptoms and findings that accompany
kidney function decline, eGFR is used as the criteria for
determining when to initiate dialysis [8—12].

Although these guidelines include eGFR values as cri-
teria for initiating dialysis, none describes the speed of
kidney function decline. Patients who are initiated into
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dialysis early include those who needed to begin dialysis
because of over-hydration that is difficult to manage con-
servatively, electrolyte abnormalities that are difficult to
rectify, and other such conditions. In these patients, kidney
function rapidly declines immediately before initiating
dialysis, so they begin dialysis while in an unstable overall
condition, which could have a negative impact on survival
prognosis after dialysis initiation. However, very few
studies have dealt with the relationship between the speed
of kidney function decline and survival prognosis imme-
diately before initiating and after initiating dialysis,
respectively. The above points suggest that if patients’
prognoses after initiating dialysis are taken under consid-
eration, the speed of kidney function decline could serve as
a marker for deciding when to begin dialysis.

Thus, we investigated the relationship between the
speed of kidney function decline in the 3 months before
initiating dialysis and survival prognosis after dialysis
initiation in subjects who registered with the Aichi Cohort
Study of Prognosis in Patients Newly Initiated into Dialysis
(AICOPP), which is a multi-center, prospective cohort
study.

Materials and methods
Subjects

The subjects were patients who were newly initiated into
dialysis at the 17 Aichi Cohort Study of Prognosis in
Patients Newly Initiated into Dialysis (AICOPP) group
centers from October 2011 to September 2013. Patients
who were withdrawn from dialysis while hospitalized, died
while hospitalized, or did not agree to be registered were
excluded. The study screened 1524 patients who were at
least 20 years old, had CKD, and provided written consent.

We excluded patients whose eGFR values 3 months before
initiating dialysis were not measured and whose prognoses
were unknown, as determined by a survey conducted at the
end of March 2015. We enrolled 1292 subjects into the
study (Fig. 1).

Speed of kidney function decline

To evaluate the speed of kidney function decline, we mea-
sured the speed by which the eGFR declined in 3 months, or
the difference between eGFR 3 months before and when
initiating dialysis, respectively (eGFR 3 months before dial-
ysis—eGFR at initiation). The eGFR was calculated using the
Japanese Society of Nephrology’s estimation formula
(eGFR = 194 x serum creatinine — 1.094 x age — 0.287
[x0.739 for women]) [13]. The subjects were classified into 4
groups based on speed of eGFR decline (Group 1,
G1: <2 mL/min/1.73 mz, Group 2, G2: >2, <4 mL/min/
1.73 m?, Group 3, G3: >4, <6 mL/min/1.73 m* Group 4,
G4: >6mlL/min/1.73 mz). Moreover, to verify the validity of
the cutoff described above, subjects were also evaluated after
speed of eGFR decline being divided into quartiles.

Patient characteristics and data when dialysis
was initiated (baseline)

BMI was measured at the first dialysis session. Diabetes
were defined as fasting blood glucose >126 mg/dL, casual
blood glucose >200 mg/dL, HbAlc (NGSP) >6.5 %, use
of insulin, or oral hypoglycemic agents. History of car-
diovascular disease (CVD) was defined as a history of heart
failure requiring hospitalization, coronary artery disease
requiring coronary artery intervention or heart bypass
surgery, stroke, aortic disease requiring surgery, or
peripheral artery disease requiring hospitalization. The
period by nephrology care was established, based on

Excluded
232
No data at the time of 3 months prior to initiation of dialysis
Lost to follow up

Fig. 1 A flowchart -
demonstrating the subject Recruited
recruitment, screening, and 1,524
enrollment process that was
used in this study
L5 | 226
6
A 4
Enrolled
1,292
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patients’ medical records, as the period from referral to the
nephrologist until the initiation of dialysis. Medication use
referred to the drugs taken at dialysis initiation. Aortic
calcification was defined as the presence of calcification in
the aortic arch in a frontal chest radiograph and the pres-
ence of mitral valve or aortic valve calcification in a car-
diac ultrasonography, at the time of dialysis initiation,
respectively. Blood tests were performed on samples taken
before the first dialysis session.

Condition at the first dialysis session

Blood pressure was measured before the first dialysis ses-
sion. Symptoms of heart failure were defined as the pres-
ence of subjective symptoms, pulmonary congestion, or
pleural fluid on a chest radiogram, and hypoxemia. Gas-
trointestinal symptoms included subjective symptoms such
as nausea, vomiting, and lack of appetite in the absence of
clear signs of gastrointestinal diseases. The cardio-thoracic
ratio was calculated from a frontal chest radiogram taken
immediately before the first dialysis session.

Survey of survival prognosis

Survival prognosis as of March 31, 2015, was determined
by surveying medical records. For patients who were
transferred to other institutions, information was obtained
by mailing out survey forms.

Outcomes

The study outcomes included: (1) Comparisons of all-cause
mortality rates in the 4 groups as categorized by speed of
eGFR decline; (2) Comparisons of CVD-related and
infection-related mortality rates in the above 4 groups.
CVD deaths were defined as deaths resulting from heart
failure, coronary artery disease, cardiogenic sudden death,
stroke, or aortic diseases. (3) Extraction of factors,
including speed of eGFR decline that contributed to the all-
cause mortality.

Statistical processing

The results were expressed as mean =+ standard deviation
(median values were used for nephrology care, CRP, and
ultrafiltration volume). The easy R (EZR) was used for
statistical processing [14]. Comparisons of characteristics,
baseline data, and condition at the first dialysis session
between the 4 groups of patient were performed using the
Mann—Whitney U test for continuous variables and Fish-
er’s exact test for nominal variables. All-cause, CVD-re-
lated, and infection-related mortality rates were compared

using the log-rank test for the Kaplan—Meier curves. The
post hoc analysis tested differences between the groups
using the Bonferroni method. Factors contributing to the
different mortality rates were examined using univariate
Cox proportional hazard regression analysis, with the speed
of eGFR decline as the continuous variable. In addition to
the speed of eGFR decline, factors that were significant in
the univariate analysis served as explanatory variables for
the multivariate Cox proportional hazard analysis using the
stepwise method (i.e., age, sex, BMI, dialysis method,
history of CVD, Charlson comorbidity index (CCI), sys-
tolic blood pressure, diastolic blood pressure, use of RAS
inhibitors, use of loop diuretics, use of vitamin D receptor
activators (VDRASs), aortic calcification, valve calcifica-
tion, heart failure symptoms, gastrointestinal symptoms,
cardiac-thoracic ratio, hemoglobin, serum albumin, adjus-
ted serum calcium, Log CRP, blood bicarbonate concen-
tration). Factors that were believed to compete with the
speed of eGFR decline were excluded (i.e., serum crea-
tinine, BUN/creatinine, eGFR at dialysis initiation, eGFR
3 months before initiation). p values less than 5 % were
considered statistically significant.

Ethical considerations

This study was conducted by following the Japanese
Ministry of Health, Labor, and Welfare’s “ethical guide-
lines for clinical research” (created July 30, 2003; full
revision December 28, 2004; full revision July 31, 2008)
and the Helsinki Declaration (revised 2013), and was
approved by the clinical research ethics committees at each
AICOPP  group facility (the approval number:
20110823-3). The subjects received oral and written
explanations of the purpose of the study, and provided their
consent in writing. The study was registered with the
University Hospital Medical Information Network (UMIN)
on January 18, 2012 (ID: 000007096).

Results

Comparison of patient characteristics and baseline
data

Table 1 shows the patient characteristics and baseline data
in the 4 groups. Groups with faster eGFR decline had
smaller proportions of women, larger proportions of
patients with a history of CVD, increased CCI, shorter
periods of nephrology care, lower usage rates of RAS
inhibitors, ESA, and vitamin D receptor activators; lower
hemoglobin concentration, lower serum albumin, higher
serum phosphorus, and higher CRP.
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Table 1 Patient characteristics at baseline

Characteristics Total Gl G2 G3 G4 p trend
n (1292) n (555) n (417) n (183) n (137)
Age (years) 67.8 £ 129 68.0 = 12.0 68.3 £ 13.3 66.0 £+ 14.0 68.0 + 13.8 0.225
Female gender (%) 412 (31.9) 198 (35.7) 134 (32.1) 45 (24.6) 35 (25.5) 0.011
BMI (kg/m?) 23.6 £43 237 +£43 23.6 £ 43 234 +£42 23.1+42 0.415
Dialysis modality (HD) (%) 1193 (92.3) 503 (90.6) 390 (93.5) 169 (92.3) 131 (95.6) 0.174
Diabetes mellitus (%) 681 (52.7) 271 (48.8) 230 (55.2) 107 (58.5) 73 (53.3) 0.069
History of CVD (%) 593 (45.9) 227 (40.9) 184 (44.1) 99 (54.1) 83 (60.6) <0.001
CCI 48 £ 1.8 47+ 18 48+ 1.8 49+ 1.6 54422 0.001
Duration of NC (days) 687 (263-1441) 897 (400-1775) 667 (272-1324) 493 (218-1187) 216 (54-710) <0.001
(median, 25-75th range)
Use of RASIs (%) 817 (63.2) 380 (68.5) 253 (60.7) 108 (59.0) 76 (55.5) 0.006
Use of loop diuretics (%) 888 (68.7) 372 (67.0) 291 (69.8) 126 (68.9) 99 (72.3) 0.691
Use of ESAs (%) 1184 (91.6) 522 (94.1) 393 (94.2) 163 (89.1) 106 (77.4) <0.001
Use of VDRASs (%) 380 (29.4) 185 (33.3) 121 (29.0) 52 (284) 22 (16.1) 0.001
Aortic calcification (%) 497 (38.5) 213 (38.4) 172 (41.2) 64 (35.0) 48 (35.0) 0.423
Valve calcification (%) 359 (33.1) 152 (33.4) 125 (35.8) 47 (30.1) 35 (284) 0.429
Hemoglobin (g/dL) 9.52 £ 143 9.65 + 1.41 948 £ 1.34 9.36 £ 1.50 9.30 £ 1.62 0.016
Serum albumin (g/dL) 3.22 +0.59 3.39 £ 0.57 3.19 £ 054 2.99 + 0.57 2.90 £ 0.65 <0.001
BUN (mg/dL) 90.9 £ 29.3 87.8 + 28.0 929 +27.1 89.1 + 26.6 100.0 + 40.1 <0.001
Serum creatinine (mg/dL) 8.80 £ 2.90 847 £2.72 9.14 £ 3.02 9.20 + 2.61 8.60 £ 3.46 <0.001
BUN/creatinine 11.1 £ 4.6 11.1 £43 10.8 £ 3.9 102 £ 3.6 133+ 7.6 <0.001
eGFR* (mL/min/1.73 m?) 8.72 £ 4.63 6.57 £ 1.92 8.04 £ 1.71 10.11 £+ 1.57 17.71 £+ 8.52 <0.001
eGFR** (mL/min/1.73 m?) 5.48 + 2.11 5.62 £ 2.07 517 £ 1.63 521 £ 1.48 6.21 £+ 3.57 <0.001
eGFR*** (mL/min/1.73 m?) 324 £394 0.95 + 0.82 2.87 £ 0.57 4.90 + 0.56 11.50 + 7.07 <0.001
Adjusted calcium (mg/dL) 8.63 + 1.02 8.60 &+ 1.03 8.62 + 0.99 8.61 £+ 1.10 8.87 £ 0.99 0.051
Phosphorus (mg/dL) 6.25 £ 1.72 597 £ 1.67 6.26 £ 1.55 6.50 + 1.61 7.01 £ 2.19 <0.001
Potassium (mEq/L) 4.50 £ 0.80 4.53 £0.79 4.55 £0.80 4.37 £ 0.67 4.43 £ 0.96 0.051
Uric acid (mg/dL) 8.70 £ 2.35 8.28 £ 2.04 8.81 £ 231 9.09 + 242 9.36 + 2.95 <0.001
CRP (mg/dL) (median, 25-75th range) 0.25 (0.09-1.22) 0.20 (0.07-0.83) 0.20 (0.08-0.86) 0.36 (0.12-1.64) 1.07 (0.22-3.54) <0.001
Bicarbonate (mmol/L) 20.00 + 4.63 19.86 + 4.48 20.15 + 4.42 20.14 £+ 4.58 19.90 + 5.84 0.813

BMI body mass index, HD hemodialysis, CVD cardiovascular disease, CCI Charlson comorbidity index, NC nephrology care, RASI renin
angiotensin system inhibitor, ESA erythropoiesis stimulating agent, VDRA vitamin D receptor activator, BUN blood urea nitrogen, eGFR
estimated glomerular filtration rate, eGFR* eGFR of at the time of 3 month prior to dialysis initiation, eGFR** eGFR at the time of dialysis
initiation, eGFR*** the variation of eGFR for 3 months before dialysis initiation (eGFR*—eGFR**), CRP C-reactive protein

eGFR change in the 3 months before dialysis
initiation

Figure 2 shows eGFR values for the 4 groups at 3 months
before and when dialysis was initiated, as well as the change
in eGFR. The eGFR at 3 months before dialysis in G1, G2,
G3, and G4 were 6.57 = 1.92, 8.04 + 1.71, 10.11 £ 1.57,
and 17.71 + 8.52 mL/min/1.73 m? respectively. The
eGFR at the time of dialysis initiation in G1, G2, G3, and G4
were 5.62 £2.07, 5.17 £1.63, 521 £+ 1.48, and
6.21 + 3.57 mL/min/1.73 m?, respectively. Differences
between the 4 groups were significant. The range and median
values for speed of eGFR decline during the 3 months before
dialysis initiation and differences in these values when
groups were divided into quartiles are displayed in Table 2.

@ Springer

Comparison of condition at first dialysis session

Table 3 shows the conditions at the first dialysis session in
the 4 groups. In groups with faster eGFR decline, systolic
blood pressure was lower, the proportion of patients with
heart failure symptoms was higher, cardio-thoracic ratio
was higher, and ultra-filtration volume at the first dialysis
session was larger.

Comparison of all-cause mortality

Figure 3 shows Kaplan—Meier curves for the cumulative
survival rates of the 4 groups. There were 216 deaths
during the follow-up period (G1, 79 cases; G2, 68 cases;
G3, 29 cases; G4, 40 cases). Significant differences were
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observed between the 4 groups’ cumulative survival rates
(»p < 0.001). In the post hoc analysis, the all-cause mor-
tality rate for G4 was significantly higher than those of
other groups (G1, G2, G3 vs G4: p < 0.001). Figure 4
shows Kaplan—Meier curves for the cumulative survival
rates of the 4 groups classified according to quartile. Sig-
nificant differences were similarly observed between the 4
groups’ cumulative survival rates (p = 0.023).

30
25 | ®eGFR (-3 month)
eGFR (dialysis initiation)

20 A mvariation of eGFR

15 4

10 -

5 I ] ]
0 A

Gl G2 G3 G4

Fig. 2 Comparison of the eGFR 3 months before dialysis and when
dialysis was initiated, as well as the change in eGFR over the
3 months between the 4 study groups. Change in eGFR over the
3 months eGFR = 3 months before dialysi — eGFR at dialysis
initiation. (GI: <2 mL/min/1.73 m% G2: >2, <4 mL/min/1.73 m>;
G3: >4, <6 mL/min/1.73 m*;, G4: >6 mL/min/1.73 m>)

Comparison of CVD-related mortality, infection-
related mortality

Figure 5 shows Kaplan—Meier curves for the cumulative
survival rates of the 4 groups for CVD- and infection-
related mortality rates. There were 70 CVD- and 37
infection-related deaths during the follow-up period. Sig-
nificant differences between the 4 groups were observed for
CVD-related mortality (p < 0.001) but not for infection-
related mortality (p = 0.053). The breakdown of CVD
deaths was as follows: heart failure: 23 subjects, acute
coronary syndrome: 13 subjects, cardiogenic sudden death:
11 subjects, cerebral hemorrhage: 12 subjects, cerebral
infarction: 6 subjects, ruptured aortic aneurysm: 3 subjects,
acute aortic dissection: 1 subject, pulmonary embolism: 1
subject.

Factors contributing to all-cause mortality
(univariate analysis)

Table 4 shows the results of the univariate analyses that
were performed to extract factors influencing all-cause
mortality. The factors that were extracted included old age,
male gender, low BMI, CVD history, high CCI, low blood
pressure, no use of RAS inhibitors, use of loop diuretics, no

Table 2 The comparison of values of eGFR decline for 3 months prior to dialysis initiation between the 4 group and quartile group

Median
(mL/min/1.73 m?)

Range of value
(mL/min/1.73 m?)

Median
(mL/min/1.73 m?)

Range of value
(mL/min/1.73 m?)

Gl —3.63 to 1.99 1.10 Quartile 1 —3.63 to 1.25 0.64

n (555) n (323)

G2 2.00-3.98 2.77 Quartile 2 1.25-2.33 1.80

n (417) n (323)

G3 4.00-5.99 4.90 Quartile 3 2.34-3.96 2.96

n (183) n (323)

G4 6.01-35.86 8.43 Quartile 4 3.97-35.86 5.56

n (137) n (323)

Gl <2, G2 >2, <4, G3 >4, <6, G4 >6 mL/min/1.73 m*

Table 3 Condition of 1st dialysis session

Characteristics Total Gl G2 G3 G4 p trend
n (1292) n (555) n (417) n (183) n (137)

SBP (mmHg) 151 £ 26 152 + 24 154 + 27 150 £+ 25 142 £+ 31 <0.001

DBP (mmHg) 77 £ 15 77 £ 13 77 £ 15 76 £ 15 73 £ 17 0.035

HF symptom (%) 371 (28.7) 130 (23.4) 115 (27.6) 58 (31.7) 68 (49.6) <0.001

GI tract symptom (%) 562 (43.5) 230 (41.4) 175 (42.0) 83 (45.3) 74 (54.0) 0.048

CTR (%) 549 £ 7.1 542+ 173 553+£70 55.1 £ 6.7 56.5 £ 6.6 0.003

UFV (L/session) (median, 25-75th range) 0.7 (0.2-1.4) 0.6 (0.1-1.3) 0.8 (0.2-1.4) 0.9 (0.3-1.5) 1.0 (0.2-1.7) 0.017

SBP systolic blood pressure, DBP diastolic blood pressure, HF heart failure, GI gastrointestinal, CTR cardiothoracic ratio, UFV ultra filtration

volume
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Fig. 3 Comparison of the all-cause mortality rates between the 4 1.73 m?, G2: >2, <4 mL/min/1.73 m?, G3: >4, <6 mL/min/
study groups. In the post hoc analysis, significant differences were 1.73 m% G4: >6 mL/min/1.73 m?)
observed between G/ and G4, and G2 and G4. (GI: <2 mL/min/

Fig. 4 Comparison of the all-
cause mortality rates between
the 4 study groups classified
according to quartile. In the post
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use of VDRAS, aortic and valve calcification, heart failure =~ Factors contributing to all-cause mortality

and gastrointestinal symptoms at the first dialysis session,  (multivariate analysis)

anemia, low serum albumin, low serum creatinine, high

BUN/creatinine, high eGFR 3 months before dialysis, high ~ Figure 6 shows the results of the multivariate analysis
eGFR at dialysis initiation, large change in eGFR in the  performed to extract factors contributing to all-cause
3 months before dialysis, high adjusted serum calcium, and ~ mortality. Survival prognosis after initiating dialysis was
high CRP level. poorer at faster speeds of eGFR decline (speed of eGFR
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Fig. 5 Comparison of CVD- (a) CVD related mortality (b) infection related mortality
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G4 137 115 107 90 55 34 5 G4 137 115 107 90 55 34 5

decline faster than 10 mL/min/1.72 m* HR = 1.527).
Other factors contributing to poor survival prognosis
included old age, male gender, high CCI, low systolic
blood pressure, aortic calcification, and elevated adjusted
serum calcium.

Discussion

This study showed the correlation between the speed of
eGFR decline in the 3 months before initiating dialysis and
mortality after dialysis initiation. Several studies have
examined the relationship between survival prognosis after
initiating dialysis and eGFR values at dialysis initiation [3—
7]. However, since very few studies have addressed the
relationship between the speed of kidney function decline
immediately before dialysis and mortality after dialysis
initiation, we believe the results of this study have major
clinical significance.

The speed of kidney function decline was previously
reported to correlate with factors such as sex, blood pres-
sure, primary disease, and urinary protein [15-18]. How-
ever, the observation periods in many of these studies were
at least 1 year or more during the pre-dialysis period,
indicating that very few studies had evaluated short and
limited periods similar to our study (3 months pre-dialy-
sis). The cutoff values for rate of eGFR decline used in this
study were 2, 4, and 6 mL/min/1.73 m>. Although a com-
parison against the total mortality rate in quartiles was also
conducted to verify the validity of this cutoff value, the
results obtained were similar. Nevertheless, when subjects
were divided into quartiles, the lower limit cutoff value for
Quartile 4 was 4 mL/min/1.73 m” or lower, and detecting
the difference was believed to be difficult due to the

inclusion of cases involving comparatively gradual decli-
nes in eGFR speed. Moreover, we believe that using cutoff
values of 2, 4, and 6 mL/min/1.73 m? will be clearer when
applying the results of this study clinically.

In regular medical care, heart failure symptoms are
considered an important factor for deciding whether to
initiate dialysis at all. Fabbian et al. found that 73 % of
patients who had intractable congestive heart failure when
dialysis was initiated needed emergency dialysis [19].
Crews et al. found that patients who were initiated into
dialysis early (eGFR = 10 mL/min/1.73 m* or higher),
had higher incidence of acute kidney injury (AKI), con-
gestive heart failure, and hospitalization for other reasons
[20]. With regards to this point, our study showed that
patients with faster eGFR decline in the 3 months before
initiating dialysis often had a history of CVD, frequently
had heart failure symptoms when dialysis was initiated, had
high cardio-thoracic ratios, and had greater ultra-filtration
volume at the first dialysis session. We believe this is
because the state of over-hydration that accompanies
reduced kidney function often results in a precipitous
decline in kidney function in patients with reduced cardiac
function.

Although kidney function was previously thought to
decline in a linear manner over time [21-23], there have
been recent reports of patients who exhibited a mix of
periods of stability and progressive decline [24, 25].
O’Hare et al. examined the state of kidney function decline
and prognosis after initiating dialysis in 8 time periods
during the 2 years before initiating dialysis [26]. The group
with rapid kidney function decline had shorter periods of
care under nephrologists, higher AKI incidence, and poorer
prognosis at 1 year after dialysis initiation. However, these
groups were divided based on eGFR levels at 2 years
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Table 4 Univariate Cox proportional hazard regression analysis

Variables HR 95 % CI p value
Age (/10 years old) 1.770  1.548-2.025 <0.001
Female gender 0.683  0.501-0.929 0.015
BMI 0917  0.884-0.952 <0.001
HD 3.123  1.387-7.033 0.006
Diabetes mellitus 1.005  0.768-1.315 0.973
History of CVD 2489  1.875-3.304 <0.001
CCI 1.274  1.206-1.347  <0.001
SBP 0.984  0.979-0.990 <0.001
DBP 0.968  0.959-0.977 <0.001
Duration of NC (/10 days) 0.999  0.998-1.000 0.091
Use of RASIs 0.760  0.580-0.997 0.048
Use of loop diuretics 1.450  1.063-1.979 0.019
Use of ESAs 0.743  0.478-1.155 0.187
Use of VDRAs 0.717  0.522-0.984 0.040
Aortic calcification 1.984  1.515-2.598 <0.001
Valve calcification 1.748  1.303-2.346  <0.001
HF symptom 1.634  1.241-2.152  <0.001
GI tract symptom 1.392  1.064-1.822 0.016
CTR 1.036  1.017-1.055 <0.001
UFV 1.039  0.892-1.211 0.622
UFV (log) 1.193  0.812-1.751 0.369
Hemoglobin 0.880  0.801-0.966 0.007
Serum albumin 0.584  0.469-0.728  <0.001
BUN 1.003  0.999-1.008 0.148
Serum creatinine 0.837 0.788-0.889  <0.001
BUN/creatinine 1.072  1.050-1.095 <0.001
eGFR* (/10 mL/min/1.73 m?) 2.085 1.761-2.468  <0.001
eGFR** (/10 mL/min/1.73 m?) 3.667 2.469-5446  <0.001
eGFR*** (/10 mL/min/1.73 m?®)  2.052  1.662-2.534  <0.001
Adjusted calcium 1.367  1.195-1.562  <0.001
Phosphorus 0.927  0.852-1.008 0.075
Potassium 0.979  0.826-1.160 0.804
Uric acid 1.041  0.984-1.102 0.162
CRP (log) 1.698  1.432-2.013 <0.001
CRP 1.037 1.016-1.059  <0.001
Bicarbonate 1.036  1.003-1.070 0.031

BMI body mass index, HD hemodialysis, CVD cardiovascular disease,
CClI Charlson comorbidity index, SBP systolic blood pressure, DBP
diastolic blood pressure, NC nephrology care, RASI renin angiotensin
system inhibitor, ESA erythropoiesis stimulating agent, VDRA vitamin
D receptor activator, HF heart failure, GI gastrointestinal, CTR car-
diothoracic ratio, UFV ultra filtration volume, BUN blood urea
nitrogen, eGFR estimated glomerular filtration rate, eGFR* eGFR of
at the time of 3 month prior to dialysis initiation, eGFR** eGFR at
the time of dialysis initiation, eGFR*** the variation of eGFR for
3 months before dialysis initiation (eGFR*—eGFR**), CRP C-reac-
tive protein
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before dialysis initiation. In the group with rapid kidney
function decline, mean eGFR at 3 months before dialysis
was 30 mL/min/1.73 m?. The higher proportion of patients
with AKI compared with our study may have been due to
these differences in the subject populations. However, one
study examined eGFR 3 months before and when dialysis
was initiated, which is similar to the period that we
examined in our study [27]. Among the patients with eGFR
above 30 mL/min/1.73 m? before initiating dialysis, 8 out
of 105 subjects (7.6 %) and 9 out of 71 subjects (12.7 %) at
the 2 centers, respectively, died. Among the 17 total deaths,
10, 3, 2, and 2 were from acute tubular necrosis, cholesterol
embolisms, drugs, and other causes, respectively. They
thus concluded that the presence of heart disease speeds up
declines in kidney function. Their results also indicate that
patients who exhibit rapid eGFR decline immediately
before initiating dialysis most likely have CKD and AKI.
21 cases in the present study exhibited an eGFR of 30 mL/
min/1.73 m? or higher. While there is a possibility that
AKI cases may be included among these 21 cases, these
were added to the evaluation performed in this study as a
detailed description of an underlying disease was not pro-
vided for all 1292 cases.

This study has the following limitations. First, we did
not use uniform criteria for initiating dialysis. Rather, it
was left to the discretion of the attending physician. The
timing for initiating dialysis changes over time depending
on the available evidence, which is based on various
guidelines that guide clinical management. Nevertheless,
given that the nephrologists decided on the timing for
initiating dialysis in all the subjects in this study and the
2-year registration period that started in October 2011, the
decisions on when to initiate dialysis were made in the
same historical period and major differences between
institutions and attending physicians are unlikely. Second,
while the groups were determined based on the speed of
GFR decline in the 3 months before initiating dialysis, we
did not examine cases with rapid kidney function decline in
more detail. Although we discussed the trajectory of GFR
decline above, GFR may decline in at less than 3 months,
particularly in the presence of acute heart failure. Third,
although we were able to demonstrate a correlation
between speed of eGFR decline and mortality, because this
was an observational study, our results will have no impact
on determining appropriate timing for initiation of dialysis.

To conclude, our results confirmed that patients who
exhibit rapid GFR decline in the 3 months before initiating
dialysis often present with heart failure symptoms when
dialysis is initiated and have poor prognoses after initiating
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Fig. 6 Risk factors for all- Variables HR 95%CI Pvalue
cause mortality. eGFR
estimated glomerula.r ﬁltration eGFR*’ » 1527 1.121-2.080 0.007 "
rate; eGFR* the variation of (/10ml/min/1.73m?
eGFR for 3 months before
dialysis initiation; CCI Charlson Age(/10yearsold) 1.523  1.253-1.851 <0.001 A
comorbidity index; SBP systolic
blood pressure Female Gender 0.608  0.406-0.910 0.016 &

CCI 1.165 1.073-1.266 <0.001 A

SBP (/10mmHg) 0.916 0.870-0.965 <0.001 o

AorticCalcification 1.533 1.052-2.235 0.026 A

AdjustedCalcium 1.252 1.037-1.511 0.019 A

HR
0 1 2 3

dialysis. In the future, the presence of rapid kidney function
decline could be referenced when attempting to identify
these cases early and determine the appropriate time for
initiating dialysis.
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