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ORIGINAL RESEARCH
Glycemic Status and Mortality in

Chronic Kidney Disease According to
Transition Versus Nontransition to Dialysis

Connie M. Rhee, MD, MSc,* Csaba P. Kovesdy, MD,†,‡ Vanessa A. Ravel, MPH,*

Elani Streja, MPH, PhD,*,§ John J. Sim, MD,{ Amy S. You, MS,* Justin Gatwood, MPH, PhD,†

Alpesh N. Amin, MD, MBA,** Miklos Z. Molnar, MD, PhD,†,††,‡‡,§§

Danh V. Nguyen, MS, PhD,** and Kamyar Kalantar-Zadeh, MD, MPH, PhD*,§

Objective: The impact of glycemic control in diabetic patients with chronic kidney disease (CKD) who may or may not transition to

dialysis remains uncertain, given recent interest in the conservative management of advanced CKD without dialysis therapy, which

may benefit from alternative glycemic control strategies.

Design andMethods:Among a national cohort of US Veterans, we examined the association of glycemic status, defined by averaged

random blood glucose and hemoglobin A1c (HbA1c), with mortality after transitioning to dialysis over 2007-2011 (Transition Cohort)

compared with patients in a one-to-one matched cohort of CKD patients with diabetes who did not transition to dialysis (Nontransition

Cohort).

Results: Among 17,121 patients in the Transition Cohort, averaged randomglucose$200mg/dLwas associatedwith highermortality

in expanded case-mix analyses (reference: 100-,120 mg/dL): adjusted hazard ratio (95% confidence interval) 1.26 (1.13-1.40). In the

transition cohort, HbA1c 8-,10% and $10% were associated with higher mortality (reference: 6-,8%): adjusted hazard ratios (95%

confidence interval) 1.21 (1.11-1.33) and 1.43 (1.21-1.69), respectively. Among 8,711 patients in the Nontransition Cohort, averaged

randomglucose,100mg/dl and$160mg/dl were associated with higher death risk, whereas HbA1cwas not associatedwithmortality.

Conclusion: In diabetic CKD patients transitioning to dialysis, higher averaged random glucose and HbA1c were associated with

early dialysis mortality, whereas in matched CKD patients who did not transition, both lower and higher glucose levels were associated

with higher mortality. These data suggest the need for different glycemic strategies based on whether there are plans to transition to

dialysis versus pursue conservative management among diabetic patients with CKD.

� 2018 by the National Kidney Foundation, Inc. All rights reserved.

This article has an online CPE activity available at www.kidney.org/professionals/CRN/ceuMain.cfm
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asmost trials of glycemic control excluded advanced kidney
disease patients.1,2 Early randomized controlled trials and
their long-term corollary studies have demonstrated the
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GLUCOSE, HBA1C, AND MORTALITY IN CKD 83
microvascular and macrovascular benefits of intensive gly-
cemic control among patients with type 1 and 2 diabetes
with minimal-to-no kidney damage.3-8 However,
contemporary trials showing lack of benefit and
heightened mortality in populations with longstanding
type 2 diabetes and cardiovascular risk9-11 (whose
characteristics are more akin to advanced CKD patients)
have challenged the safety of lower glycemic targets,
particularly among those with greater comorbidity
burden.2

Current clinical practice guidelines lack precise recom-
mendations for the optimal glycemic target in patients
with advanced CKD and diabetes. While Kidney Disease
Outcomes Quality Initiative and Kidney Disease
Improving Global Outcomes guidelines propose a target
hemoglobin A1c (HbA1c) of 7% to prevent or reduce
progression of microvascular complications, they advise
higher HbA1c levels .7% among patients with comor-
bidities, limited life expectancy, and heightened risk of
hypoglycemia (e.g., stages 4-5 CKD; receipt of insulin
or sulfonylureas) with an undefined upper threshold.12,13

Furthermore, as HbA1c levels may be influenced by
nonglycemic factors in patients with advanced CKD, a
recent consensus conference held by the American
Diabetes Association, American Society of Nephrology, and
National Kidney Foundation has indicated that, ‘‘.while
HbA1c levels between 7% to 8% appear to be associated
with the highest survival rates in retrospective analyses
of diabetic kidney disease (DKD) patients, the
imprecision of HbA1c measurements makes specific
targets for people with DKD difficult to define.’’14,15

The absence of clear-cut guidelines is in part due to the
sparse study of glycemic status and outcomes in CKD pa-
tients with diabetes, which have shown mixed findings
and provide limited evidence due to exclusion of patients
with advanced kidney disease and sole reliance on HbA1c
to define glycemic status.16,17

To address this knowledge gap, we recently showed that,
among US Veterans with diabetes and advanced CKD pro-
gressing to end-stage renal disease (ESRD), higher averaged
random glucose and HbA1c levels measured in the pre-
ESRD period were associated with higher post-ESRD
mortality risk.1 However, nongranular examination of
random glucose levels may have concealed an association
between lower glycemic levels and mortality risk. Further-
more, these findings may not be generalizable to CKD pa-
tients with diabetes who do not transition to dialysis. Thus,
to better inform the field, we reexamined the association of
pre-ESRD glycemic status, defined by averaged random
glucose and HbA1c levels, with post-ESRD mortality
among a national cohort of Veterans with CKD and dia-
betes transitioning to dialysis. We then compared the
inter-relationships between glycemic status and survival
among a matched cohort of patients with CKD who did
not transition to dialysis.
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Materials and Methods
Source Population: Transition Cohort
We conducted a cohort study with longitudinal data

from the Transition of Care in CKD study, a retrospective
study specifically examining transition to dialysis in a cohort
of US Veterans with incident ESRD.1,18-21 Our source
population consisted of 52,172 patients from the national
Veterans Affairs (VA) database who transitioned to dialysis
over the period of October 1, 2007 to September 30,
2011 (designated as the ‘‘Transition Cohort’’). From these
patients, we identified our primary ‘‘Averaged Random
Glucose Cohort’’ among whom the association of
averaged random glucose levels with mortality was
estimated. The Averaged Random Glucose Cohort was
comprised of patients who did not have missing censor
data, were aged 18 years or older at the time of dialysis
initiation, underwent one or more random blood glucose
measurement(s) within 1 year before transitioning to
ESRD (i.e., 1-year ‘‘prelude’’ period18), and had either an
International Classification of Diseases, Ninth Revision
(ICD-9) code for diabetes and/or cause of ESRD due to
diabetes (Fig. 1). In secondary analyses, we designated a
‘‘HbA1c Cohort,’’ intended to capture all patients with a
HbA1c measurement as a sensitive proxy for underlying
diabetes, which included patients who did not have missing
censoring event dates, were aged 18 years or older at dialysis
initiation, and underwent one or more HbA1c measure-
ment(s) during the 1-year prelude period.

Source Population: Nontransition Cohort
We conducted parallel analyses among a matched sample

of adult patients with CKD from the ‘‘Racial and Cardio-
vascular Risk Anomalies in CKD’’ (RCAV) cohort of US
Veterans who underwent care within the VA Healthcare
system over the period of 2004-2013.22-24 In these
analyses, we first identified all RCAV patients with an
ICD-9 diagnostic code for diabetes who underwent at least
one or more random glucose measurement(s) with a subse-
quent 365-day period during which all subsequent random
glucose measurements were averaged (designated as the
‘‘1-year averaged random glucose exposure period’’ in
which the patients did not experience death nor transition
to dialysis) (Fig. 1). To create a cohort with a similar distri-
bution of characteristics as the Transition Cohort’s averaged
random glucose population, we created an index variable of
age (at the time of the baseline glucose measurement), sex,
race, ethnicity, and stage of CKD (on the date of or up to
1-year before the baseline glucose measurement) based on
the Transition Cohort’s characteristics, as well as counts
for each index combination of these 4 variables. We then
created index variables for each observation and patient
within the RCAV cohort. Using PROC SURVEYSE-
LECT, we created a matched cohort of patients with a
similar distribution of counts to the Transition Cohort
per index category. In this matched cohort, ,1% of
 ClinicalKey.com by Elsevier on July 30, 2022. For 
pyright ©2022. Elsevier Inc. All rights reserved.



Figure 1. Study cohort creation for averaged random glucose analyses (A) and HbA1c analyses (B). CKD, chronic kidney dis-
ease; CV, cardiovascular; ESRD, end-stage renal disease; HbA1c, hemoglobin A1c.
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patients (N 5 101) transitioned to dialysis within 1 year
following the ‘‘1-year averaged random glucose exposure
period’’ who were excluded from the analysis, resulting in
the Nontransition Averaged Random Glucose Cohort.

Using a similar approach to identify the Nontransition
HbA1c Cohort, we also identified all patients from the
RCAV cohort who underwent at least one or more
HbA1c measurement(s) with a subsequent 365-day period
during which all subsequent HbA1c measurements were
averaged (designated as the ‘‘1-year averaged HbA1c expo-
sure period’’ in which the patients did not experience death
nor transition to dialysis). We similarly identified a Non-
transition HbA1c Cohort with a similar distribution of
baseline age sex, race, ethnicity, and baseline stage of
CKD to that of the Transition Cohort. In this matched
cohort, ,1% of patients (N 5 78) transitioned to dialysis
within 1 year following the ‘‘1-year averaged HbA1c expo-
sure period’’ whowere excluded from the analysis, resulting
in the Nontransition HbA1c Cohort. The study was
approved by the institutional review boards of the Univer-
sity of California Irvine, VA Long Beach Healthcare Sys-
tem, and Memphis VA Medical Center.
Exposure Ascertainment
In the Transition Cohort, our primary exposure of inter-

est was random glucose averaged over the 1-year prelude
period, categorized as ,80, 80-,100, 100-,120,
120-,140, 140-,160, 160-,180, 180-,200, and
$200 mg/dl. Our secondary exposure was HbA1c level(s)
averaged over the 1-year prelude period, categorized as,6,
6-,8, 8-,10, and $10%. The median (interquartile
[IQR]) and minimum-maximum number of random
glucose measurements per patient averaged over the 1-
year prelude period were 6 (2, 16) and 1-637, respectively.
The median (IQR) and minimum-maximum number of
HbA1c measurements per patient averaged over the 1-
year prelude period were 2 (1, 3) and 1-15, respectively.

Among the Nontransition Cohort patients who were
matched to the Transition Cohort, we examined random
glucose and HbA1c levels averaged over 1-year following
Downloaded for Anonymous User (n/a) at UC HEALTH fro
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study entry (i.e., study entry date designated as the date of
the baseline glucose and HbA1c measurements) with the
same categorizations used in the Transition Cohort. To
examine averaged random glucose and HbA1c levels as
continuous predictors of mortality, we conducted restricted
cubic spline analyses with knots at the 25th, 50th, and 75th
percentiles of observed values.

Outcome Ascertainment
In the Transition Cohort, our primary outcome of inter-

est was 1-year post-ESRD all-cause mortality. Follow-up
began the day after dialysis initiation and ended 1 year after-
ward. Patients were censored for kidney transplantation,
loss to follow-up, end of the study period (i.e., 1-year after
at-risk time commenced), or last date of available follow-up
data (December 27, 2012), whichever occurred first.1,19-21

Mortality data, censoring events, and associated dates were
obtained from the VAVital Status File (observed to have a
sensitivity and specificity of 98.3% and 99.8%,
respectively, in comparison with the National Death
Index), Center for Medicare and Medicaid Services
(CMS), and United States Renal Data System (USRDS)
data sources.22-24

In parallel analyses of the Nontransition Cohort, we
examined associations of 1-year averaged random glucose
and HbA1c with 1-year all-cause mortality, with at-risk
time beginning the day after the 1-year averaged random
glucose and HbA1c exposure periods. Patients were
censored for kidney transplantation, loss to follow-up,
end of the study period (i.e., 1-year after at-risk time
commenced), or last date of available follow-up data (July
26, 2013), whichever occurred first. Mortality data,
censoring events, and associated dates were obtained from
the VAVital Status File.22-24

Socio-demographic, Comorbidity,
Medication, and Laboratory Covariates
In the Transition Cohort, data from the USRDS Patient

and Medical Evidence files were used to determine pa-
tients’ baseline socio-demographic information (age, sex,
race, ethnicity) at the time of dialysis initiation. The cause
m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.
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of ESRDwas obtained fromCMSdata, and information on
initial dialysis modality was obtained fromUSRDS sources.
In the Nontransition Cohort, patients’ baseline socio-
demographic information was obtained from the VA
Corporate Data Warehouse and from Medicare through
the VA-Medicare data merge project.25

In both the Transition and Nontransition Cohorts, infor-
mation about comorbidities at the time of dialysis initiation
was extracted from the VA Inpatient andOutpatientMedical
SAS data sets using ICD-9 diagnostic and procedure codes
andCurrent Procedural Terminology codes26; the Transition
Cohort additionally used CMS data. Charlson Comorbidity
Index (CCI) scores were estimated using the Deyomodifica-
tion for administrative data setswithout including kidney dis-
ease.27 Bodymass index datawere obtained from theVAVital
Status file. Medication data were obtained from both CMS
Part D and VA pharmacy dispensation records.28 Random
glucose, HbA1c, and other laboratory data except serum
creatinine were obtained from the Decision Support
System-National Data Extracts Laboratory Results files.29

VA Corporate Data Warehouse LabChem data files were
used to extract data about predialysis serum creatinine.30 Us-
ing serum creatinine and demographic data, estimated
glomerular filtration rate (eGFR) was calculated using the
CKD Epidemiology Collaboration equation.31

Statistical Analyses
In the Transition Cohort, associations between 1-year

pre-ESRD averaged random glucose and HbA1c with 1-
year post-ESRD mortality were determined using Cox
proportional hazard models with 4 adjustment levels with
the following covariates, in which we a priori defined the
expanded case-mix adjusted model as our preferred model:
(1) minimally adjusted model: adjusted for patient’s calen-
dar quarter of dialysis initiation to account for secular
changes in care over time, (2) case-mix model: adjusted
for covariates in the minimally adjusted model, as well as
age, sex, race, ethnicity, cause of ESRD, CCI score, dia-
betes, congestive heart failure (CHF), and cerebrovascular
disease (CVD); (3) expanded case-mix model: adjusted
for covariates in the case-mix model, as well as residential
region, initial dialysis modality, and body mass index; and
(4) expanded case-mix 1 laboratory adjusted model:
adjusted for covariates in the expanded case-mix model,
as well as serum albumin, hemoglobin, serum bicarbonate,
eGFR averaged over the 1-year prelude period (i.e., proxy
of residual kidney function), and last eGFR level measured
before dialysis initiation (i.e., proxy of dialysis practice pat-
terns). To compare the association of glycemic status with
mortality among patients with CKDwho did not transition
to dialysis within 1-year of follow-up, we examined aver-
aged random glucose and HbA1c with death risk among
matched samples of patients from the Nontransition
Cohort using similar adjustment levels: (1) minimally
adjusted model: adjusted for patient’s study entry quarter;
Downloaded for Anonymous User (n/a) at UC HEALTH from
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(2) case-mixmodel: adjusted for covariates in theminimally
adjusted model, as well as age, sex, race, ethnicity, CCI
score, diabetes, CHF, and CVD; (3) expanded case-mix
model: adjusted for covariates in the case-mix model, as
well as residential region and body mass index; and (4)
expanded case-mix1 laboratory model: adjusted for cova-
riates in the expanded case-mix model, as well as 1-year
averaged serum albumin, hemoglobin, serum bicarbonate,
and eGFR levels.
Missing data were handled using methods that included

multiple imputation. Proportional hazards assumptions
were confirmed by graphical analysis. Analyses and figures
were generated using SAS, version 9.4 (SAS Institute Inc.,
Cary, NC), Stata, version 13.1 (Stata Corporation, College
Station, TX), and SigmaPlot, version 12.5 (Systat Software,
San Jose, CA).
Results
Baseline Characteristics of the Transition and
Nontransition Cohorts
In primary analyses of averaged random glucose, there

were 17,121 patients in the Transition Cohort who met
eligibility criteria, among whom the mean 6 SD age was
69 6 11 years and who were comprised of 28% Blacks
and 8% Hispanic patients (Table S1). Most patients had
moderate-to-advanced CKD: 0.9%, 4%, 19%, and 77%
were categorized as stages 1, 2, 3, and 41 5 CKD, respec-
tively. These patients were matched to 8,711 patients in the
Nontransition Cohort who had a similar balance of baseline
characteristics (Table S1). Granular examination of patients’
baseline characteristics in the Transition Cohort showed
that, comparedwith patients in the lowest averaged random
glucose category (,80 mg/dL), those in the highest cate-
gory ($200 mg/dL) tended to be younger, were more
likely to have diabetes and less likely to have hypertension
as their underlying cause of ESRD, were more likely to
be residing in the northeast and less likely to be living in
the west, had higher CCI scores, and had higher 1-year
averaged eGFR and lower serum albumin levels (Table S2).
In secondary analyses of HbA1c, there were 17,819 pa-

tients in the Transition Cohort who met eligibility criteria,
among whom the mean 6 SD age was 68 6 11 years and
who were comprised of 28% Blacks and 7% Hispanic pa-
tients (Table S1). Most patients had moderate-to-
advanced CKD: 1%, 4%, 19%, and 76% were categorized
as stages 1, 2, 3, and 41 5CKD, respectively. These patients
were matched to 10,848 patients in the Nontransition
Cohort who had a similar balance of baseline characteristics
(Table S1).

Averaged Random Glucose and Mortality in
the Transition Cohort Versus Nontransition
Cohort
In the Transition Cohort, patients contributed a total of

13,207 patient-years of follow-up during which time
 ClinicalKey.com by Elsevier on July 30, 2022. For 
pyright ©2022. Elsevier Inc. All rights reserved.
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Figure 2. Association of averaged random glucose andmortality in the Transition Cohort (A) versus Nontransition Cohort (B). HR,
hazard ratio; CI, confidence interval.
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3,850 deaths occurred. In expanded case-mix analyses, we
observed a J-shaped association between averaged random
glucose and mortality such that the highest category
$200 mg/dL was associated with higher death risk (refer-
ence: 100-,120 mg/dL): adjusted HR (aHR) (95% CI)
1.26 (1.13-1.40) (Fig. 2 and Table S3). Following incre-
mental adjustment for laboratory covariates, the associa-
tion between averaged random glucose $200 mg/dL
and higher mortality persisted: aHR (95% CI) 1.21
(1.08-1.35). On examining averaged random glucose as
a continuous variable using expanded case-mix adjusted
restricted cubic splines, glucose levels exceeding
�170 mg/dL were monotonically associated with higher
death risk (Fig. 3)
Figure 3. Spline analyses of averaged random glucose andmortali
Transition Cohort analyses adjusted for expanded case-mix 1 lab
of dialysis initiation, age, sex, race, ethnicity, cause of ESRD, CCI
modality, bodymass index, serum albumin, hemoglobin, serumbic
last eGFR level measured prior to dialysis initiation. Nontransition C
covariates, which included patient’s study entry quarter, age, sex
region, body mass index, serum albumin, hemoglobin, serum bica
CHF, congestive heart failure; CVD, cerebrovascular disease; eGF
disease.
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Among the matched sample of patients from the Non-
transition Cohort who underwent one or more random
glucose measurements, we observed 1,092 deaths over
6,699 patient-years of follow-up. In expanded case-mix
analyses, we observed a U-shaped association between
averaged random glucose and mortality such that lower
levels ,100 mg/dL and higher levels $160 mg/dL were
associated with higher death risk: aHRs (95% CI) 1.70
(1.18-2.44), 1.34 (1.07-1.69), 1.15 (0.94-1.41), 1.12
(0.90-1.41), 1.55 (1.10-1.83), 1.42 (1.10-1.83), and 1.34
(1.08-1.65) for glucose categories ,80, 80-,100,
120-,140, 140-,160, 160-,180, 180-,200, and
$200 mg/dL, respectively (Fig. 2 and Table S3). In
expanded case-mix adjusted splines, a similar pattern was
ty in the Transition Cohort (A) versus Nontransition Cohort (B).
oratory covariates, which included patient’s calendar quarter
score, diabetes, CHF, CVD, residential region, initial dialysis
arbonate, eGFR averaged over the 1-year prelude period, and
ohort analyses adjusted for expanded case-mix1 laboratory
, race, ethnicity, CCI score, diabetes, CHF, CVD, residential
rbonate, and eGFR levels. CCI, Charlson Comorbidity Index;
R, estimated glomerular filtration rate; ESRD, end-stage renal

m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.
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observed in which glucose levels below �90 mg/dL and
greater than �160 mg/dL were associated with higher
death risk (Fig. 3).

HbA1c and Mortality in the Transition Cohort
Versus Nontransition Cohort
In the Transition Cohort, patients contributed a total of

15,119 patient-years of follow-up during which 4,374
deaths occurred. In expanded case-mix analyses, we
observed a J-shaped association between HbA1c and mor-
tality such that the higher categories of 8-,10% and$10%
were each associated with higher death risk (reference: 6-
,8%): aHRs (95% CI) 1.21 (1.11-1.33) and 1.43 (1.21-
1.69), respectively (Fig. S1 and Table S4). Following incre-
mental adjustment for laboratory covariates, this pattern of
association persisted: aHRs (95% CI) 1.15 (1.05-1.26) and
1.30 (1.10-1.54) for HbA1c categories 8-,10% and
$10%, respectively. On examining HbA1c as a continuous
variable using expanded case-mix adjusted splines, HbA1c
levels exceeding �7.5% were monotonically associated
with higher death risk (Fig. 4). While there appeared to
be a trend betweenHbA1c levels below 5% and greater sur-
vival, the low prevalence of patients with these lower
HbA1c levels rendered estimates unstable.
Among the matched sample of patients from the Non-

transition Cohort who underwent one or more HbA1c
measurements, we observed 1,130 deaths over 5,402
patient-years of follow-up. In expanded case-mix and
expanded case-mix 1 laboratory adjusted analyses, a sig-
nificant association between HbA1c levels and mortality
was not observed (Fig. S1 and Table S4). In expanded
case-mix adjusted splines, there was a trend toward
HbA1c levels below 5% and higher mortality, as well as
Figure 4. Spline analyses of HbA1c and mortality in the Transition
analyses adjusted for expanded case-mix1 laboratory covariates,
age, sex, race, ethnicity, cause of ESRD, CCI score, diabetes, CHF
index, serum albumin, hemoglobin, serum bicarbonate, eGFR av
measured before dialysis initiation. Nontransition Cohort analyse
which included patient’s study entry quarter, age, sex, race, et
body mass index, serum albumin, hemoglobin, serum bicarbonat
congestive heart failure; CVD, cerebrovascular disease; eGFR, es
ease; HbA1c, hemoglobin A1c.
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HbA1c levels above �8.5% and greater survival; however,
the prevalence of patients in these outlier HbA1c ranges
was low (Fig. 4).

Discussion
To our knowledge, this is the first large population-based

study that has separately examined glycemic status andmor-
tality across 2 diabetic CKD populations according to
whether they transitioned versus did not transition to
ESRD. In the Transition Cohort, granular examination of
averaged random glucose levels showed that higher pre-
ESRD averaged random glucose levels $200 mg/dL
were independently associated with higher post-ESRD
mortality risk, whereas lower levels were not associated
with higher death risk. We similarly observed that higher
pre-ESRDHbA1c levels$8% were associated with higher
post-ESRD death risk. Furthermore, analyses of averaged
random glucose andHbA1c as continuous splines suggested
a trend toward lower glycemic levels and better survival. In
contrast, among a matched sample of CKD patients with
comparable case-mix characteristics in the Nontransition
Cohort, both lower averaged random glucose levels
,100 mg/dL and higher levels $160 mg/dL were associ-
ated with higher death risk. While examination of
HbA1c as a categorical variable did not show associations
with mortality in the Nontransition Cohort, spline analyses
suggested an inverse pattern to that of the Transition
Cohort, such that lower HbA1c levels trended toward
lower mortality while higher levels were associated with
higher death risk.
The optimal glycemic level among patients with

advanced CKD has remained elusive due to a paucity of
data that have shown mixed findings in this population. In
Cohort (A) versus Nontransition Cohort (B). Transition Cohort
which included patient’s calendar quarter of dialysis initiation,
, CVD, residential region, initial dialysis modality, body mass
eraged over the 1-year prelude period, and last eGFR level
s adjusted for expanded case-mix 1 laboratory covariates,
hnicity, CCI score, diabetes, CHF, CVD, residential region,
e, and eGFR levels. CCI, Charlson Comorbidity Index; CHF,
timated glomerular filtration rate; ESRD, end-stage renal dis-
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a reanalysis of the Action to Control Cardiovascular Risk in
Diabetes trial that stratified patients according to presence
versus absence of mild-to-moderate CKD (i.e., stages 1-3
CKD) by Papademetriou et al., intensive glycemic control
was associatedwith a 31% and 41% higher all-cause and car-
diovascular death risk, respectively, among thosewithCKD,
but not in those without CKD.16 However, in a study of
23,296 diabetic patients with more advanced levels of
CKD (i.e., stages 3-4 CKD) by Shurraw et al., examination
of HbA1c as a categorical predictor showed that levels.9%
were associated with faster decline in kidney function and
higher risk of cardiovascular events, hospitalization, and
mortality, while analyses of HbA1c as a continuous variable
showed that both lower and higher levels (,6.5% and.8%)
were associated with worse survival.17 Most recently, in a
study of 17,819 US Veterans with diabetes and CKD tran-
sitioning to dialysis by Rhee et al., we observed a robust as-
sociation of higher HbA1c levels $8% and averaged
random glucose levels $200 mg/dL with higher death
risk across multiple secondary and sensitivity analyses,
whereas lower glycemic levels were not associated with
diminished survival.1 However, as this study exclusively
examined diabetic patients who transitioned to ESRD,
these findings may provide limited inference to those who
do not ultimately receive dialysis (i.e., patients who main-
tain stable kidney function, experience death or kidney
transplantation prior to developing ESRD, or decline dial-
ysis). In addition, while growing evidence has highlighted
the hazards of hypoglycemia in the advanced CKD popula-
tion,32-34 this study did not specifically examine very low
glucose levels (i.e.,,80 mg/dL).

In our study, the divergent patterns observed in the Transi-
tion versus Nontransition Cohorts may potentially be ex-
plained by a differential effect of glycemic status upon long-
term versus short-term survival in patients with advanced
CKD (i.e., time-dependent effect of glycemic status).35 For
example, the Transition Cohort showed a J-shaped relation-
ship between averaged random glucose and HbA1c levels
withmortality risk, suggesting that, among thosewho survive
and progress to ESRD, liberal glycemic control may have
long-term detrimental outcomes vis-�a-vis generation of
oxidative stress, activation of protein kinase C, accumulation
of advanced glycosylation end products, and progressive
microvascular and macrovascular damage over time.36,37

However, the U-shaped association between glycemic status
and mortality in the Nontransition Cohort also suggest that
glucose levels in the hypoglycemic (,80 mg/dL) and low-
normal (80-,100 mg/dL) ranges are associated with short-
term death risk, possibly due to (1) central nervous system
toxicity leading to encephalopathy, seizures, coma, disequilib-
rium, and subsequent falls;38,39 and/or (2) adrenergic
stimulation, resulting in coronary ischemia, ventricular
arrhythmias, and sudden cardiac death.40These latter observa-
tions corroborate findings from Papademetriou et al. and
Shurraw et al. indicating that intensive glycemic control may
Downloaded for Anonymous User (n/a) at UC HEALTH fro
personal use only. No other uses without permission. C
be harmful in patients with advanced CKD.16,17 Our
findings suggest that the glycemic management of diabetic
CKD patients should be individualized according to
patients’ longevity and underlying health status, as opposed
to applying a ‘‘one size fits all’’ approach. While further
studies are needed to more precisely define the optimal
glycemic target in DKD subgroups, our data suggest that
moderate glycemic levels may be a prudent target in the
overall advanced diabetic CKD population.
The unique strengths of our study include its examina-

tion of 2 large contemporary cohorts of nationally repre-
sentative CKD patients with comprehensive capture of
detailed patient-level information, including longitudinal
laboratory data; granular examination of 2 complementary
glycemic metrics; and reduced confounding by differential
health-care access and nonuniform medical care due to
receipt of care in the VA Healthcare system. However,
several limitations bear mention. First, as our primary ana-
lyses defined glycemic status according to random glucose
levels measured in the clinical setting, they may not have
captured hypoglycemic events occurring in the field (i.e.,
home capillary blood glucose measurements). Second,
our secondary analyses used HbA1c as the exposure of in-
terest, which may be influenced by factors independent
of glycemic status in patients with advanced CKD (e.g., he-
moglobin, serum bicarbonate levels2) with subsequent con-
founding of the HbA1c—mortality association and
misclassification of glycemic status. However, we ac-
counted for multiple confounders in expanded case-
mix 1 laboratory adjusted analyses which yielded robust
associations. Third, owing to data limitations, we were
unable to account for confounding of the high glycemic
status—lower survival relationship on the basis of patient
noncompliance or poor doctor effect. Finally, as with all
observational studies, our study’s findings cannot prove a
causal association between glycemic status and death risk.
In summary, our study is the first to show a differential

relationship between glycemic status and survival among
diabetic CKD patients who did versus did not transition
to ESRD after 1 year of follow-up. Our observations of a
J-shaped association between glycemic status and post-
ESRDmortality suggest liberal glycemic status is associated
with long-term mortality risk, whereas the U-shaped
glucose—mortality relationship among patients who did
not transition indicate intensive glycemic status is associated
with short-term risk. Further studies are needed to define
individualized optimal glycemic targets among diabetic
CKD patients according to their underlying longevity
and health status.

Practical Application
In this study, a differential relationship between glycemic

status and outcomes was observed among CKD patients
who did versus did not transition to dialysis over 1-year
of follow-up. Among diabetic CKD patients transitioning
m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.
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to dialysis, higher averaged random glucose and HbA1c
were associated with early dialysis mortality, whereas in
matched CKD patients who did not transition, both lower
and higher glucose levels were associated with higher mor-
tality. These findings suggest that different glycemic strate-
gies should be applied based on whether there are plans to
transition to dialysis versus pursue conservative manage-
ment among diabetic patients with CKD.

Acknowledgements
Portions of these data have been presented as an abstract

at the 2017 American Society of Nephrology KidneyWeek
Meeting, October 31-November 5, 2017, New Orleans,
LA, and as an oral abstract at the 38th Annual Meeting of
the Korean Society of Nephrology Conference, May 27-
20, 2018, Seoul, Korea.
Supplementary Data

Supplementary data related to this article can be found at
https://doi.org/10.1053/j.jrn.2018.07.003.
References
1. Rhee CM, Kovesdy CP, Ravel VA, et al. Association of glycemic status

during progression of chronic kidney disease with early dialysis mortality in

patients with diabetes. Diabetes Care. 2017;40:1050-1057.

2. Rhee CM, Leung AM, Kovesdy CP, Lynch KE, Brent GA, Kalantar-

Zadeh K. Updates on the management of diabetes in dialysis patients. Semin

Dial. 2014;27:135-145.

3. The effect of intensive treatment of diabetes on the development and

progression of long-term complications in insulin-dependent diabetes melli-

tus. The Diabetes Control and Complications Trial Research Group.NEngl J

Med. 1993;329:977-986.

4. United Kingdom Prospective Diabetes Study (UKPDS). 13: Relative

efficacy of randomly allocated diet, sulphonylurea, insulin, or metformin in

patients with newly diagnosed non-insulin dependent diabetes followed for

three years. BMJ. 1995;310:83-88.

5. Effect of intensive blood-glucose control with metformin on complica-

tions in overweight patients with type 2 diabetes (UKPDS 34). UK Prospec-

tive Diabetes Study (UKPDS) Group. Lancet. 1998;352:854-865.

6. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year

follow-up of intensive glucose control in type 2 diabetes. N Engl J Med.

2008;359:1577-1589.

7. Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment

and cardiovascular disease in patients with type 1 diabetes. N Engl J Med.

2005;353:2643-2653.

8. Orchard TJ, Nathan DM, Zinman B, et al. Association between 7 years

of intensive treatment of type 1 diabetes and long-term mortality. JAMA.

2015;313:45-53.

9. Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular

complications in veterans with type 2 diabetes. N Engl J Med. 2009;360:129-

139.

10. Ismail-Beigi F, Craven T, Banerji MA, et al. Effect of intensive treat-

ment of hyperglycaemia on microvascular outcomes in type 2 diabetes: an

analysis of the ACCORD randomised trial. Lancet. 2010;376:419-430.

11. Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose con-

trol and vascular outcomes in patients with type 2 diabetes. N Engl J Med.

2008;358:2560-2572.

12. National Kidney Foundation. KDOQI clinical practice guideline for

diabetes and CKD: 2012 Update. Am J Kidney Dis. 2012;60:850-886.
Downloaded for Anonymous User (n/a) at UC HEALTH from
personal use only. No other uses without permission. Co
13. Kidney Disease: Improving Global Outcomes (KDIGO) CKDWork

Group. KDIGO 2012 clinical practice guideline for the Evaluation and man-

agement of chronic kidney disease. Kidney Int. 2013;3:1-150.

14. Tuttle KR, Bakris GL, Bilous RW, et al. Diabetic kidney disease: a

report from an ADA Consensus Conference. Am J Kidney Dis.

2014;64:510-533.

15. Tuttle KR, BakrisGL, BilousRW, et al. Diabetic kidney disease: a report

from an ADAConsensus Conference. Diabetes Care. 2014;37:2864-2883.

16. Papademetriou V, Lovato L, Doumas M, et al. Chronic kidney disease

and intensive glycemic control increase cardiovascular risk in patients with

type 2 diabetes. Kidney Int. 2015;87:649-659.

17. Shurraw S, Hemmelgarn B, Lin M, et al. Association between glyce-

mic control and adverse outcomes in people with diabetes mellitus and

chronic kidney disease: a population-based cohort study. Arch Intern Med.

2011;171:1920-1927.

18. Kalantar-Zadeh K, Kovesdy CP, Streja E, et al. Transition of care from

prelude to renal Replacement therapy in chronic kidney disease: the Blueprints

of an Emerging field. Nephrol Dial Transplant. 2017;32(suppl_2):ii91-ii98.

19. Molnar MZ, Gosmanova EO, Sumida K, et al. Predialysis cardiovascu-

lar disease Medication Adherence and mortality after transition to dialysis.Am

J Kidney Dis. 2016;68:609-618.

20. Sumida K, Molnar MZ, Potukuchi PK, et al. Association of Slopes of

estimated glomerular filtration rate with post-end-stage renal disease mortality

in patients with advanced chronic kidney disease transitioning to dialysis.

Mayo Clin Proc. 2016;91:196-207.

21. 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 Transpl. 2017;32:1330-1337.

22. Kovesdy CP, Lott EH, Lu JL, et al. Hyponatremia, hypernatremia, and

mortality in patients with chronic kidney disease with and without congestive

heart failure. Circulation. 2012;125:677-684.

23. Lu JL, Molnar MZ, Naseer A, Mikkelsen MK, Kalantar-Zadeh K,

Kovesdy CP. Association of age and BMI with kidney function and mortality:

a cohort study. Lancet Diabetes Endocrinol. 2015;3:704-714.

24. Ravel V, Ahmadi SF, Streja E, et al. Pain and kidney function decline

and mortality: a cohort study of US veterans. Am J Kidney Dis.

2016;68:240-246.

25. Stroupe KT, Tarlov E, Zhang Q, Haywood T, Owens A, Hynes DM.

Use of Medicare and DOD data for improving VA race data quality. J Rehabil

Res Dev. 2010;47:781-795.

26. U.S. Department of Veterans Affairs; Health Services Research and

Development Service. VA Information Resource Center. VIReC Research

User Guide: VHAMedical SAS Datasets FY20062007. Hines, IL: VA Informa-

tion Resource Center; 2007.

27. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity in-

dex for use with ICD-9-CM administrative databases. J Clin Epidemiol.

1992;45:613-619.

28. U.S. Department of Veterans Affairs; Health Services Research and

Development Service. VA Information Resource Center. In: VIReC Research

User Guide: VHA Pharmacy Prescription Data. 2nd ed. Hines, IL: VA Informa-

tion Resource Center; 2008.

29. US Department of Veterans Affairs; Health Services Research and

Development Service; VA Information Resource Center. In: VIReC Research

User Guide: VHA Decision Support System Clinical National Data Extracts. 2nd

ed. Hines, IL: VA Information Resource Center; 2009.

30. U.S. Department of Veterans Affairs; Health Services Research and

Development Service. VA Information Resource Center. VIReC Resource

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

Center; 2012.

31. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate

glomerular filtration rate. Ann Intern Med. 2009;150:604-612.

32. Rhee CM, Kovesdy CP, You AS, et al. Hypoglycemia-related hospital-

izations and mortality among patients with diabetes transitioning to dialysis.

Am J Kidney Dis. Epub July 20, 2018.
 ClinicalKey.com by Elsevier on July 30, 2022. For 
pyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1053/j.jrn.2018.07.003
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref4
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref4
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref4
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref4
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref5
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref5
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref5
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref10
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref10
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref10
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref11
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref11
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref11
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref12
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref12
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref13
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref13
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref13
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref14
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref14
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref14
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref15
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref15
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref18
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref18
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref18
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref19
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref19
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref19
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref23
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref23
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref23
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref24
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref24
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref24
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref25
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref25
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref25
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref31
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref31


RHEE ET AL90
33. Kong AP, YangX, Luk A, et al. Hypoglycaemia, chronic kidney disease

and death in type 2 diabetes: the Hong Kong diabetes registry. BMC Endocr

Disord. 2014;14:48.

34. MoenMF,ZhanM,HsuVD, et al. Frequencyof hypoglycemia and its sig-

nificance in chronic kidney disease. Clin J Am Soc Nephrol. 2009;4:1121-1127.

35. Dekker FW, de Mutsert R, van Dijk PC, Zoccali C, Jager KJ. Survival

analysis: time-dependent effects and time-varying risk factors. Kidney Int.

2008;74:994-997.

36. Kawahito S, Kitahata H, Oshita S. Problems associated with glucose

toxicity: role of hyperglycemia-induced oxidative stress.World J Gastroenterol.

2009;15:4137-4142.
Downloaded for Anonymous User (n/a) at UC HEALTH fro
personal use only. No other uses without permission. C
37. Reusch JE. Diabetes, microvascular complications, and cardiovascu-

lar complications: what is it about glucose? J Clin Invest. 2003;112:986-

988.

38. Cryer PE. Hypoglycemia, functional brain failure, and brain death.

J Clin Invest. 2007;117:868-870.

39. Gosmanov AR,Gosmanova EO, Kovesdy CP. Evaluation andmanage-

ment of diabetic and non-diabetic hypoglycemia in end-stage renal disease.

Nephrol Dial Transplant. 2016;31:8-15.

40. Robinson RT, Harris ND, Ireland RH, Lee S, Newman C, Heller SR.

Mechanisms of abnormal cardiac repolarization during insulin-induced hy-

poglycemia. Diabetes. 2003;52:1469-1474.
m ClinicalKey.com by Elsevier on July 30, 2022. For 
opyright ©2022. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1051-2276(18)30171-7/sref33
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref33
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref33
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref34
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref34
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref38
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref38
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref40
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref40
http://refhub.elsevier.com/S1051-2276(18)30171-7/sref40

	Glycemic Status and Mortality in Chronic Kidney Disease According to Transition Versus Nontransition to Dialysis
	Introduction
	Materials and Methods
	Source Population: Transition Cohort
	Source Population: Nontransition Cohort
	Exposure Ascertainment
	Outcome Ascertainment
	Socio-demographic, Comorbidity, Medication, and Laboratory Covariates
	Statistical Analyses

	Results
	Baseline Characteristics of the Transition and Nontransition Cohorts
	Averaged Random Glucose and Mortality in the Transition Cohort Versus Nontransition Cohort
	HbA1c and Mortality in the Transition Cohort Versus Nontransition Cohort

	Discussion
	Practical Application
	Acknowledgements
	Supplementary Data
	References




