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ABSTRACT

Background. Previous studies have demonstrated that early
pre-end-stage renal disease (ESRD) nephrology care could
improve postdialysis prognosis. However, less is known about
the specific types of interventions responsible for the improved
outcomes. We hypothesized that more frequent predialysis lab-
oratory testing is associated with better postdialysis outcomes in
incident ESRD patients.

Methods. In all, 23089 patients with available outpatient
laboratory tests performed during the 2-year predialysis (i.e. prel-
ude) period were identified from a total of 52 172 American vet-
erans with chronic kidney disease (CKD) transitioning to dialysis
between October 2007 and September 2011. The associations
between the frequency of combined laboratory tests, including
serum creatinine, serum potassium and hemoglobin (test trio),
with postdialysis mortality and hospitalization were examined in
multivariable adjusted Cox and logistic regression models.
Results. When entering the 2-year prelude period, the mean
age (Standard Deviation) of the patients was 66.2 (SD
11.3) years and the mean estimated glomerular filtration rate
was 46.8 (SD 23.9) mL/min/1.73 m®. In all, 14% of patients had
the test trio performed less than twice in 24 months and 8.9%
had the trio measured more often than every other month.
Over a 2.5-year median postdialysis follow-up period, 15303
(66.3%) patients died (mortality rate 260/1000 patient-years).
The adjusted hazard ratio of all-cause mortality and adjusted
odds ratio of the composite of hospitalization or death associ-
ated with lab testing done >12/24 months compared with
2-<4/24 months were 0.68 [95% confidence interval (CI) 0.65-
0.73] and 0.70 (95% CI 0.62-0.79), respectively.

Conclusions. More frequent laboratory testing in patients with
advanced CKD is associated with better clinical outcomes after
dialysis. Further examination in clinical trials is needed before
the implementation of more frequent laboratory testing in clini-
cal practice.

Keywords: chronic kidney disease, end-stage renal disease,
hospitalization, mortality, pre-ESRD laboratory testing

INTRODUCTION

The optimal way of managing chronic kidney disease (CKD)
prior to renal replacement therapy (RRT) has been a focus of
intense investigation [1]. CKD patients who have high morbid-
ity require considerable health care attention, especially in later
stages of their disease. With the increasing number of patients
with CKD approaching end-stage renal disease (ESRD) and
requiring RRT in recent years [2], optimized pre-ESRD care has
become critical to slowing the progression of CKD, decreasing
mortality and shortening hospitalizations. This should indi-
rectly reduce the cost of health care and improve patient quality
of life.

Many studies have demonstrated that pre-ESRD care involv-
ing nephrologists during the early stages of CKD could signifi-
cantly improve post-ESRD prognosis [3, 4]. Less is known
about what aspect of the care delivered by nephrologists would
be responsible for the observed improved outcomes. It is
unclear whether more frequent pre-ESRD routine lab testing
could lead to better disease management or whether such rou-
tine tests could be administered and acted upon by general
practitioners, without involving nephrologists. We designed
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this study to examine the association between the frequency of
laboratory testing prior to ESRD with post-ESRD all-cause
mortality, cause-specific mortality and hospitalizations.

MATERIALS AND METHODS
Study population

As described previously [5, 6], we analyzed data from the
Transition of Care in CKD (TC-CKD) study, which examines
relationships between pre-ESRD factors and post-ESRD out-
comes of CKD patients transitioning to RRT. Among 52 172 US
veterans registered as incident ESRD patients in the US Renal
Data System (USRDS) over the period of 1 October 2007-
30 September 2011, we identified 23 089 patients with avail-
able outpatient laboratory tests performed during the last
2 years prior to the incident ESRD date (prelude).

Covariates

Patients’ information related to demographics, socioeco-
nomics and vital signs were obtained from the US Department
of Veterans Affairs (VA) Corporate Data Warehouse (CDW)
[7] and the USRDS Patient and Medical Evidence Form 2728.
Information on race was cross-referenced with data obtained
from Medicare through the VA-Medicare data merge project
[8]. Blood pressure variability was defined as the SD of blood
pressures in the 2-year prelude period. Patient’s pre-ESRD
laboratory results were extracted from CDW LabChem data
files and the Decision Support System National Data Extracts
Laboratory Results file [9]. Estimated glomerular filtration
rate (eGFR) was calculated by using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation
[10]. Intra-individual changes of kidney function (eGFR
slopes) in the 2-year prelude time were estimated from a
mixed-effects model using all outpatient serum creatinine
results. Information on prevalent comorbidities was extracted
from the VA Inpatient and Outpatient Medical SAS Datasets
[11] and from Centers for Medicare and Medicaid Services
(CMS) datasets by using International Classification of
Diseases, Ninth Revision Clinical Modification (ICD-9-CM)
[12] and Current Procedural Terminology (CPT) codes at the
time of dialysis therapy initiation. Data related to medication
exposure were obtained from CMS (Medicare Part D) and VA
pharmacy dispensation records [13]. We used the proportion
of days covered (PDC) medication possession ratio (MPR),
and persistence [14] to assess patients’ medication adherence.
These were calculated for the following cardiovascular drugs:
angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers, calcium channel blockers, beta-blockers, alpha-
blockers, direct vasodilators, diuretics (loop and thiazide),
aspirin and statins in the last 2-year prelude period. The
Charlson Comorbidity Index (CCI) score was calculated using
the Deyo modification for administrative datasets [12], with-
out including kidney disease. We also collected information
related to pre-ESRD nephrology care based on CMS form
2728.
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Exposure variable

The frequency of combined serum creatinine, serum potas-
sium and blood hemoglobin measurements during the prelude
period was the exposure variable. When patients had at least one
measurement from each test performed in a month, we consid-
ered that as one pre-ESRD test trio; the number of test trios could
thus range from a minimum of zero over the entire 2-year evalu-
ation period to a maximum of 24 (one per month). The fre-
quency of test trios was calculated from the total number of pre-
ESRD test trios divided by 24 and then classified into 6 categories:
0 (without test trio), >0-<2/24 months, >2-<4/24 months,
>4-<8/24 months, >8-<12/24 months and >12/24 months.

Outcomes

Information about post-ESRD all-cause mortality and cen-
soring events along with the associated dates were obtained
from VA and USRDS sources. Cause-specific mortality data
were obtained from the USRDS. Information about post-ESRD
hospitalizations was obtained from VA Inpatient Medical SAS
Datasets [11]. We defined relevant post-ESRD hospitalization
events based on the first or second inpatient diagnosis code of
any admission related to cardiac or cerebrovascular disease,
major infections and acute kidney injury within 6 months of
dialysis initiation (Supplementary Appendix Table 6). The joint
event of major hospitalizations or death was used as a compo-
site outcome.

Statistical analyses

Descriptive analyses were performed using mean = SD,
median [interquartile range (IQR)] and proportions as appropri-
ate. Cox proportional hazards models with adjustment for covari-
ates were used for examining the association of the frequency of
the pre-ESRD test trio with post-ESRD all-cause mortality and
cause-specific mortality. Patients were followed in survival analy-
ses from the ESRD date until death or other censoring events,
including kidney transplantation, loss of follow-up or the last
date of health care encounter before 27 December 2012 or before
6 October 2011 (for cause-specific mortality). The association
between the frequency of test trios and the 6-month post-ESRD
composite of hospitalization/death was analyzed in logistic
regression models with adjustment for confounders.

The effect of potential confounders on outcomes was ana-
lyzed by multivariable adjustments including baseline age, race,
gender, baseline blood pressure, blood pressure variability
assessed during the 2-year prelude period, per capita income,
marital status, VA service connection percentage, comorbid
conditions assessed from ICD-9 codes recorded at inpatient
and outpatient encounters during the entire available pre-ESRD
period [cardiovascular (CV) disease, cerebrovascular disease,
hypertension, congestive heart failure (CHF), dementia, rheu-
matologic disease, malignancy, depression, liver disease,
chronic lung disease, diabetes, HIV and CCI] and, medication
adherence measured during the 2-year prelude period (PDC,
medication possession ratio and persistence), baseline eGFR
(first outpatient eGFR at the beginning of the prelude period)
and prelude eGFR slope.

J.L. Lu et al.



In order to examine effect modification by age and by neph-
rology care received during the prelude, we estimated associa-
tions separately in patients categorized by age (<65 and
>65 years old) and by the presence/absence of pre-ESRD neph-
rology care based on information obtained from CMS form
2728 (a form used by US nephrologists to report initiation of
chronic RRT) and by including interaction terms in the relevant
multivariable models.

Statistical analyses were performed using Stata MP Version
14 (StataCorp, College Station, TX, USA). The study was
approved by the institutional review boards at the Memphis
and Long Beach VA Medical Centers.

RESULTS

The mean age of the cohort was 66.2 = 11.3years. A total of
98.2% (n =22 680) of patients were male, 72.1% (n =16 624) of
them were white and 58.6% (n=13180) were married.
Nephrology care was provided to 62.0% (n =14 316) of cohort
prior to ESRD. The mean eGFR was 46.8 = 23.9 mL/min/1.73
m? at the beginning of the 2-year prelude period. Baseline char-
acteristics of the cohort categorized by the frequency of the test
trio are described in Table 1. In all, 14.0% of patients had the

Table 1. Baseline characteristics of cohort by the frequency of test trio

Frequency of test trio in 2-year prelude

No test trio
(n = 2145)

<l/year
(n = 3232)

test trio performed less than twice in 24 months, 9.3% had no
test trio measured during the prelude and 27.3% had the trio
measured more than eight times in the 2-year prelude period.
Patients with more frequent lab testing were significantly
younger and had a higher median income and a higher percent-
age of VA service connection. They also had a lower prevalence
of cardiac and cerebrovascular diseases. Patients with better
medication adherence and diabetes were more likely to have
frequent lab tests. Patients without nephrology care had lower
median income, lower marriage rates and more baseline
comorbidities, with the exception of diabetes and hypertension.
However, they did have a higher baseline eGFR (Supplementary
Appendix Table 1).

Mortality

A total of 15303 (66.3%) patients died over a 2.5-year
median follow-up period {mortality rate 260.2/1000 patient-
years [95% confidence interval (CI) 256.1-264.4]}. More
frequent lab testing was associated with lower post-ESRD mor-
tality. Compared with the patients with at least two test trios,
the adjusted hazard ratio (HR) for patients having lab tests
more often than every other month was 0.68 (95% CI 0.64-
0.73; P < 0.001) (Figure 1A, Table 2). The results remained

Age (years) 70 11 69+ 11
BMI (kg/m?) 28.8+59 28.7+59
Median income (US$) 15678 15234
Covariates (0-33876) (0-33756)
CCI 5 (3-7) 5 (3-7)
eGFR (mL/min/1.73 mz) 448 =224 46.1 =239
eGFR slope (mL/min/1.73 m?) —57+44 —56+45
Prelude period 41*+13 42*13
Service connected 67 + 35 67 = 35
Mean SBP (mmHg) 139 =18 141 =18
Mean DBP (mmHg) 72 *+ 11 73+ 11
SBP variability 15*+8 158
DBP variability 8+4 85
Gender (males) 2115 (98.6) 3176 (98.3)
Race (white) 1745 (81.4) 2553 (79.0)
Married 1413 (65.2) 2053 (65.2)
CHF 1314 (61.3) 1962 (60.7)
Myocardial infarction 749 (34.9) 1149 (35.6)
Cerebrovascular disease 772 (36.0) 1158 (35.8)
Malignancies 85 (4.0) 118 (3.7)
Liver disease 32 (1.5) 50 (1.5)
Rheumatologic disease 109 (5.1) 162 (5.0)
Lung disease 1062 (49.5) 1575 (48.7)
Diabetes 1024 (47.7) 1420 (43.9)
Hypertension 986 (46.0) 1491 (46.1)
Hemiplegia 73 (3.4) 106 (3.3)
HIV/AIDS 21 (1.0) 25 (0.8)
Nonpersistence (30 days) 51679 (78.3) 82519 (77.9)
Nonpersistence (60 days) 1377 (64.2) 2103 (65.1)
PDC 882+ 13 880 =13
MPR 92 +21 91 + 29

>1- < 2/year >4- < 6/year >6/year
(n = 7460) (n = 4255) (n = 2045)
6811 6411 6311 63+ 11
289*6.5 29.8+83 29.6+9.3 292*64
15158 16331 17912 20400
(1722-33276) (7966-32076) (9588-33120) (10624-33 876)
5(3-7) 5(3-7) 5(3-7) 5 (4-7)
47.0 £23.7 49.5*245 47.0 £ 24.6 444 +234
—6.0*5.1 —74+*58 —74+*58 —69*53
43*+12 44=*12 45*+12 46*12
67 35 74 * 33 77 =31 78 £31
141 £ 16 143+ 15 143 * 14 142+ 12
7310 75+ 10 74*+9 7319
16 =7 18*+6 19*5 19*5
9*+4 103 103 10*+4
7325 (98.2) 3862 (97.7) 4156 (97.7) 2001 (97.8)
5707 (76.5) 2596 (65.7) 2670 (62.7) 1353 (66.2)
4481 (62.0) 1947 (50.8) 2162 (52.3) 1124 (56.1)
4508 (60.4) 2224 (56.3) 2384 (56.0) 1145 (56.0)
2430 (32.6) 1054 (26.7) 1034 (24.3) 457 (22.3)
2695 (36.1) 1298 (32.8) 1381 (32.5) 634 (31.0)
219 (2.9) 88 (2.2) 93 (2.2) 72 (3.5)
120 (1.6) 94 (2.4) 106 (2.5) 66 (3.2)
341 (4.6) 169 (4.3) 178 (4.2) 99 (4.8)
3643 (48.8) 1853 (46.9) 1947 (45.8) 977 (47.8)
3650 (48.9) 2305 (58.3) 2621 (61.6) 1293 (63.2)
3310 (44.4) 1425 (36.1) 1471 (34.6) 636 (31.1)
319 (4.3) 158 (4.0) 150 (3.5) 79 (3.9)
48 (0.6) 46 (1.2) 82 (1.9) 29 (1.4)
26417 (86.0) 83657 (92.5) 84044 (95.0) 31939 (94.8)
5402 (72.4) 3261 (82.5) 3655 (85.9) 1763 (86.2)
881+ 13 879+ 12 880 + 12 880 12
92+41 93 *+26 94 + 24 95+ 19

Data are presented as mean = SD, median (IQR) or 7 (% of total).
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Pre-ESRD care and outcomes
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FIGURE 1: (A) Frequency of the test trio with all-cause mortality: multivariable adjusted HRs (95% CIs) of all-cause mortality associated with
the frequency of the test trio in the 2-year RRT prelude time. (B) Frequency of the test trio with 6-month post-ESRD composite of hospitaliza-
tions/death: multivariable adjusted HR (95% ClIs) of the major hospital admission within 6 months of RRT initiation associated with the fre-
quency of the test trio in the 2-year RRT prelude time. (C) Frequency of the test trio with CV-specific mortality: multivariable adjusted HRs
(95% CI) of CV mortality associated with the frequency of the test trio in the 2-year RRT prelude time. (D) Frequency of the test trio with
infection-related mortality: multivariable adjusted HRs (95% CI) of infection mortality associated with the frequency of the test trio in the

2-year RRT prelude time.

Table 2. Hazard ratios for post-ESRD adverse outcomes by different frequency of the test trio

Frequency of

All-cause mortality CV mortality

Infection-related Composite of

test trio mortality hospitalization/death

HR  95% CI P-value HR 95% CI P-value HR 95% CI P-value OR 95% CI P-value
No trio tests 0.95  0.85-1.07 0.41 00.86  0.75-0.97 00.02 00.91  0.70-1.19  00.51 00.93  00.84-1.04 00.23
>0-<2/24m 095  0.86-1.05 0.33 10.00  0.90-1.11 00.98 00.83  0.65-1.07  00.15 00.97  00.89-1.07 00.60
>2-<4/24m 1.00 10.00 10.00 10.00
>4-<8/24m 0.96  0.87-1.06 0.47 0091  0.82-1.02 00.098 01.04  0.84-1.29  00.73 10.05  00.96-1.14 00.30
>8-<12/24m  0.78  0.70-0.87 0.001 00.79  0.70-0.88  <0.001 00.78  0.62-0.99  00.04 00.87  00.80-0.96 00.003
>12/24m 0.76  0.66-0.88 <0.001 00.67  0.58-0.78 <0.001 00.86  0.65-1.16  00.33 00.72  00.64-0.80 <0.001

Patients who underwent testing with the trio of serum creatinine, potassium and hemoglobin measurement once every 6-12 months served as the referent.

significant for CV mortality [HR 0.68 (95% CI 0.58-0.79); P <
0.001] (Figure 1C) but not for infection-related mortality [HR
0.84 (95% CI 0.62-1.14); P=0.26] (Figure 1D, Table 2).
Associations in subgroups of patients with and without pre-
ESRD nephrology care revealed a significant association with
all-cause and CV mortality only in patients who received neph-
rology care (Figures 2A and 2C, Supplementary Appendix
Tables 2 and 3). Associations between frequency of testing and
infection-related mortality were not significant in either sub-
group (Figure 2D, Supplementary Appendix Table 4). Age did
not modify the observed associations (P for interaction = 0.66;
Supplementary Appendix Table 7).

792

Composite outcome of major hospitalization events or
death within 6 months of ESRD initiation

In the first 6 months after ESRD transition, 7137 (30.9%)
patients experienced hospitalizations, 4100 patients died (17.8%)
and 9405 (40.7%) patients reached the composite endpoint. The
adjusted odds ratios (ORs) of the composite outcome associated
with lab testing done >8-<12/24 months or >12/24 months
compared with >2-<4/24months were 0.88 (95% CI
0.81-0.97) and 0.70 (95% CI 0.62-0.79), respectively (Figure 1B,
Table 2). The association was only significant in patients who
received nephrology care and not in those who did not receive

J.L. Lu et al.
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FIGURE 2: (A) Frequency of the test trio with all-cause mortality in subgroups: multivariable adjusted HRs (95% CI) of all-cause mortality
associated with the frequency of the test trio in the 2-year RRT prelude time in subgroups. An interaction term for frequency of tests and neph-
rology care in the prelude time was used to compare subgroup differences. (B) Frequency of the test trio with 6-month post-ESRD composite
of hospitalizations/death in subgroups: multivariable adjusted HRs (95% CI) of the major hospital admission within 6 months of RRT initiation
associated with the frequency of the test trio in the 2-year RRT prelude time in subgroups. An interaction term for frequency of tests and neph-
rology care in the prelude time was used to compare subgroup difference. (C) Frequency of the test trio with CV-specific mortality in sub-
groups: multivariable adjusted HRs (95% CI) of CV mortality associated with the frequency of the test trio in the 2-year RRT prelude time in
subgroups. An interaction term for frequency of tests and nephrology care in the prelude time was used to compare subgroup differences. (D)
Frequency of the test trio with infection-related mortality in subgroups: multivariable adjusted HRs (95% CI) of infection-related mortality
associated with the frequency of the test trio in the 2-year RRT prelude time in subgroups. An interaction term for frequency of tests and neph-

rology care in the prelude time was used to compare subgroup differences.

nephrology care (Figure 2B, Supplementary Appendix Table 5).
Age did not modify the observed associations (P for inter-
action = 0.61; Supplementary Appendix Table 8).

DISCUSSION

We examined associations of frequency of pre-ESRD routine
lab testing with post-ESRD mortality and the 6-month compo-
site outcome of hospitalization or death. We found that a higher
frequency of pre-ESRD lab testing was associated with lower
post-ESRD all-cause and CV mortality and lower composite
outcomes of hospitalization/death risk, but not with lower
infection-related mortality. The beneficial associations of more
frequent pre-ESRD laboratory testing were limited to patients
who received nephrology care prior to dialysis and were not
present in patients who did not receive such care.

Our results confirm and extend findings from prior studies
showing that nephrology care [3, 15] or structured multidisci-
plinary care [16, 17] prior to ESRD is associated with improved
post-ESRD clinical outcomes, including lower mortality and
decreased hospital stays [16, 18]. Although some randomized
clinical trials didn’t show any significant difference in post-

Pre-ESRD care and outcomes

ESRD mortality between patients with or without pre-ESRD
nephrology care [19, 20], there are still many observational
studies [4, 21] and clinical trials [16] that have demonstrated
that earlier and more frequent nephrology subspecialty pre-
ESRD  care significantly — improves  survival rate.
Notwithstanding the importance of the aforementioned studies,
their findings do not clarify what aspect of nephrology subspe-
cialty care is responsible for the observed benefits. Subspecialty
care involves the clinical management of complex metabolic
abnormalities, the implementation and monitoring of renopro-
tective strategies, timely vascular access planning, patient edu-
cation about impending ESRD and choice of renal replacement
modality and the delivery of ancillary services such as renal
nutritional care, case management or social work. In order to
prospectively apply the most impactful interventions, it is
important to determine if there are certain aspects of pre-ESRD
clinical care that offer more downstream benefits. Our study
suggests that more frequent monitoring of laboratory abnor-
malities could be one such intervention.

Routine laboratory testing is a simple procedure that can
easily be applied even by non-nephrologists, such as general
practitioners. Management of CKD by primary care physicians
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has been successfully attempted [22, 23], with the UK even pro-
moting nationwide primary care physician involvement in
CKD care [24]. Although effects on post-ESRD outcomes have
not been consistent, the motives behind such attempts are
broader and involve the creation of a more cost-efficient, con-
venient and feasible choice of predialysis care in the face of
increasing ESRD incidence [2] and a shortage of nephrologists
[25]. Particularly, in certain US geographic areas, the increasing
absence of nephrology pre-ESRD care has led to worse clinical
outcomes in CKD patients [26]. In light of our finding that the
benefits associated with more frequent laboratory testing were
limited to patients who received nephrology specialty care dur-
ing the pre-ESRD period, the potential long-term benefits of a
non-nephrology-based pre-ESRD implementation, such as a
general practitioner-based approach, is questionable.
Intervention offered by subspecialists in response to certain lab-
oratory abnormalities may be different, with nephrologists pos-
sibly providing more comprehensive evaluations and care
compared with a general practitioner [23]. Nevertheless, bene-
fits in other countries and in non-VA health care systems and
shorter-term and/or non-medical benefits (e.g. economic
advantages) from a non-nephrologist-based disease monitoring
and intervention strategy cannot be ruled out.

The significant association between the more frequent
application of the three routine laboratory tests examined in
our study and improved post-ESRD outcomes could be
attributed to better detection and management of the condi-
tions that are monitored through these tests or other tests
that might have been administered concomitantly. More fre-
quent measurement of serum creatinine could help earlier
detection of progression of CKD or episodes of acute kidney
injury, which are associated with worse outcomes. In addition
to the general effect on cardiac function [27, 28] and meta-
bolic milieu [29], hypo- and hyperkalemia have been associ-
ated with poorer outcomes in patients with advanced CKD
[30, 31]. It is possible that their more frequent measurement
could result in earlier detection and ultimately improved out-
comes. Moreover, lower hemoglobin has been associated
with adverse outcomes in patients with CKD, such as higher
mortality and progression to a higher incidence of ESRD
[32]. While normalization of hemoglobin concentration
using erythropoiesis-stimulating agents (ESAs) has resulted
in no benefits or in harm [33, 34], it is possible that other
interventions (e.g. ESA therapy using lower treatment targets
or non-ESA-based therapies) triggered by the earlier detec-
tion of low hemoglobin could yield benefits in the post-ESRD
period. Conversely, more frequent laboratory measurements
could be surrogate measures of other aspects of care received
in the context of laboratory monitoring, such as management
of blood pressure, or other medical conditions.

Our study is notable as it is relatively large and represents a
majority of US ESRD patients. Our study also has limitations. It
was observational in nature and most patients’ encounters were
disease-driven and not for prevention. Therefore, frequent test
trios could represent sicker patients. However, if more frequent
testing was merely a surrogate of more severe illness, one would
have expected to find worse, and not better, outcomes
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associated with it. Furthermore, the patients with more frequent
test trios versus those without were much younger and had
higher income. Therefore, we cannot determine the trigger(s) of
increased frequency of testing and the results cannot be used to
infer causality. Most of our patients were male US veterans;
therefore the results may not apply to women, to the general US
population or to patients outside of the USA.

CONCLUSION

More frequent laboratory testing during the 2-year ESRD
prelude period is associated with lower post-ESRD, all-cause
and CV mortality and also with lower hospitalization rates in
the immediate post-ESRD period. However, due to the
observational nature of our data, the practical implementa-
tion of a more frequent lab-based monitoring system for
patients with advanced CKD and the use of such a system by
nonnephrologists (independently or under supervision by a
nephrologist) will need to be tested in prospective trials.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford
journals.org.

ACKNOWLEDGEMENT

This material was presented as an abstract at the American
Society of Nephrology 48th Annual Kidney Week Meeting,
Chicago, IL, USA, in November 2016.

FUNDING

This study is supported by grant 5U01DK102163 from the
National Institute of Health (NIH) to K.K.Z. and C.P.K. and
by resources from the US Department of Veterans Affairs.
The data reported here have been supplied in part by the
USRDS. Support for VA/CMS data is provided by the
Department of Veterans Affairs, Veterans Health
Administration, Office of Research and Development, Health
Services Research and Development, VA Information
Resource Center (project numbers SDR 02-237 and 98-004).

AUTHORS’ CONTRIBUTIONS

Study concept and design: J.L.L. and C.P.K.

Acquisition of data: C.P.K., J.L.L. and E.S.

Analysis and interpretation of data: J.L.L., C.P.K. and O.A.S.
Tables and figures: O.A.S., C.P.K. and J.L.L.

Drafting of the manuscript and approval of the final version:
JLL, CPK, C.D.D.and KK.Z.

Critical revision of the manuscript for important intellectual
content and approval of the final version: J.L.L., C.P.K,
M.Z.M., K. and KK.Z.

J.L. Lu et al.


http://ndt.oxfordjournals.org
http://ndt.oxfordjournals.org

CONFLICT OF INTEREST STATEMENT

None declared. The results presented in this article have not
been published previously in whole or part, except in abstract
format.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Harris LE, Luft FC, Rudy DW et al. Effects of multidisciplinary case man-
agement in patients with chronic renal insufficiency. Am J Med 1998; 105:
464-471

. U.S. Renal Data System. USRDS 2015 Annual Data Report: Atlas of Chronic

Kidney Disease and End-Stage Renal Disease in the United States. Bethesda,
MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, 2015

. de Jager DJ, Voormolen N, Krediet RT et al. Association between time of

referral and survival in the first year of dialysis in diabetics and the elderly.
Nephrol Dial Transplant 2011; 26: 652-658

. Winkelmayer WC, Liu J, Chertow GM, Tamura MK. Predialysis nephrology

care of older patients approaching end-stage renal disease. Arch Intern Med
2011;171:1371-1378

. Molnar MZ, Gosmanova EO, Sumida K et al. Predialysis cardiovascular dis-

ease medication adherence and mortality after transition to dialysis. Am J
Kidney Dis 2016; 68: 609-618

. Sumida K, Molnar MZ, Potukuchi PK et al. Association between vascular

access creation and deceleration of estimated glomerular filtration rate
decline in late-stage chronic kidney disease patients transitioning to end-
stage renal disease. Nephrol Dial Transplant 2017; 32: 1330-1337

. US. Department of Veterans Affairs, VA Information Resource Center.

VIReC Resource Guide: VA Corporate Data Warehouse. Hines, IL: VA
Information Resource Center, 2012

. Stroupe KT, Tarlov E, Zhang Q et al. Use of Medicare and DOD data for

improving VA race data quality. ] Rehabil Res Dev 2010; 47: 781-795

. US. Department of Veterans Affairs, VA Information Resource Center.

VIReC Research User Guide: Veterans Health Administration Decision
Support System Clinical National Data Extracts, 2nd ed. Hines, IL: VA
Information Resource Center, 2009

Levey AS, Stevens LA, Schmid CH et al. A new equation to estimate glomer-
ular filtration rate. Ann Intern Med 2009; 150: 604-612

U.S. Department of Veterans Affairs, VA Information Resource Center.
VIReC Research User Guide: VHA Medical SAS Inpatient Datasets FY2006.
Hines, IL: VA Information Resource Center, 2007

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use
with ICD-9-CM administrative databases. ] Clin Epidemiol 1992; 45: 613-619
U.S. Department of Veterans Affairs, VA Information Resource Center
(VIReC). VIReC Research User Guide: VHA Pharmacy Prescription Data,
2nd edn. Hines, IL: VA Information Resource Center, 2008

Cramer JA, Roy A, Burrell A et al. Medication compliance and persistence:
terminology and definitions. Value Health 2008; 11: 44-47

Singhal R, Hux JE, Alibhai SM et al. Inadequate predialysis care and mortality
after initiation of renal replacement therapy. Kidney Int 2014; 86: 399-406

Yu YJ, Wu IW, Huang CY et al. Multidisciplinary predialysis education
reduced the inpatient and total medical costs of the first 6 months of dialysis
in incident hemodialysis patients. PLoS One 2014; 9: 112820

Pre-ESRD care and outcomes

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Hemmelgarn BR, Manns BJ, Zhang J et al. Association between multidisci-
plinary care and survival for elderly patients with chronic kidney disease.
J Am Soc Nephrol 2007; 18: 993-999

Stroupe KT, Fischer MJ, Kaufman JS et al. Predialysis nephrology care and
costs in elderly patients initiating dialysis. Med Care 2011; 49: 248-256
Ricardo AC, Roy JA, Tao K et al. Influence of nephrologist care on manage-
ment and outcomes in adults with chronic kidney disease. ] Gen Intern Med
2016 31: 22-29

Rognant N, Alamartine E, Aldigier JC et al. Impact of prior CKD manage-
ment in a renal care network on early outcomes in incident dialysis patients:
a prospective observational study. BMC Nephrol 2013; 14: 41

Khan SS, Xue JL, Kazmi WH et al. Does predialysis nephrology care influ-
ence patient survival after initiation of dialysis? Kidney Int 2005; 67:
1038-1046

Richards N, Harris K, Whitfield M et al. Primary care-based disease man-
agement of chronic kidney disease (CKD), based on estimated glomerular
filtration rate (eGFR) reporting, improves patient outcomes. Nephrol Dial
Transplant 2008; 23: 549-555

Tam-Tham H, Hemmelgarn BR, Campbell DJ et al. Primary care physi-
cians’ perceived barriers, facilitators and strategies to enhance conservative
care for older adults with chronic kidney disease: a qualitative descriptive
study. Nephrol Dial Transplant 2016; 31: 1864-1870

National Institute for Health and Care Excellence. Chronic kidney disease:
early identification and management of chronic kidney disease in adults in
primary and secondary care. CG73. London: NICE, 2008 https://www.nice.
org.uk/guidance/cg73 (5 March 2017, date last accessed)

Sharif MU, Elsayed ME, Stack AG. The global nephrology workforce:
emerging threats and potential solutions! Clin Kidney ] 2016; 9: 11-22
McClellan WM, Wasse H, McClellan AC et al. Treatment center and geo-
graphic variability in pre-ESRD care associate with increased mortality.
J Am Soc Nephrol 2009; 20: 1078-1085

Reuben SR, Thomas RD. The relationship between serum potassium and
cardiac arrhythmias following cardiac infarction in patients aged over
65 years. Curr Med Res Opin 1982; 7(Suppl 1): 79-82

Macdonald JE, Struthers AD. What is the optimal serum potassium level in
cardiovascular patients? ] Am Coll Cardiol 2004; 43: 155-161

Aronson PS, Giebisch G. Effects of pH on potassium: new explanations for
old observations. ] Am Soc Nephrol 2011; 22: 1981-1989

Luo J, Brunelli SM, Jensen DE. Association between serum potassium and
outcomes in patients with reduced kidney function. Clin | Am Soc Nephrol
20165 11: 90-100

Hayes J, Kalantar-Zadeh K, Lu JL et al. Association of hypo- and hyperkale-
mia with disease progression and mortality in males with chronic kidney
disease: the role of race. Nephron Clin Pract 2012; 120: c8-c16

Kovesdy CP, Trivedi BK, Kalantar-Zadeh K et al. Association of anemia
with outcomes in men with moderate and severe chronic kidney disease.
Kidney Int 2006; 69: 560-564

Singh AK, Szczech L, Tang KL et al. Correction of anemia with epoetin alfa
in chronic kidney disease. N Engl ] Med 2006; 355: 2085-2098

Drueke TB, Locatelli F, Clyne N et al. Normalization of hemoglobin level in
patients with chronic kidney disease and anemia. N Engl ] Med 2006; 355:
2071-2084

Received: 23.1.2017; Editorial decision: 23.4.2017

795


https://www.nice.org.uk/guidance/cg73
https://www.nice.org.uk/guidance/cg73

