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A Critical Evaluation of Glycated Protein
Parameters in Advanced Nephropathy:
AMatter of Life or Death
A1C remains the gold standard outcome predictor in diabetic dialysis
patients

Chronic kidney disease remains as one of the major complications for individuals with diabetes
and contributes to considerable morbidity. Individuals subjected to dialysis therapy, half of
whom are diabetic, experience a mortality of ;20% per year. Understanding factors related to
mortality remains a priority. Outside of dialysis units, A1C is unquestioned as the “gold stan-
dard” for glycemic control. In the recent past, however, there is evidence in large cohorts of
diabetic dialysis patients that A1C at both the higher and lower levels was associated with
mortality. Given the unique conditions associated with the metabolic dysregulation in dialysis
patients, there is a critical need to identify accurate assays to monitor glycemic control to relate to
cardiovascular endpoints. In this two-part point-counterpoint narrative, Drs. Freedman and
Kalantar-Zadeh take opposing views on the utility of A1C in relation to cardiovascular disease
and survival and as to consideration of use of other short-term markers in glycemia. In the
narrative preceeding this counterpoint, Dr. Freedman suggests that glycated albumin may be
the preferred glycemic marker in dialysis subjects. In the counterpoint narrative below, Dr.
Kalantar-Zadeh defends the use of A1C as the unquestioned gold standard for glycemic man-
agement in dialysis subjects.

—WILLIAM T. CEFALU, MD

EDITOR IN CHIEF, DIABETES CARE

U remia may confound the associa-
tion of A1C with time-averaged
glucose concentration and the abil-

ity of A1C to predict clinical outcomes.
These nondifferential alterations do not
discredit A1C as a reliable long-term
marker of glycemic control in dialysis
patients as long as appropriate adjust-
ments to interpret A1C values are made.
Recent data from large cohorts of di-
abetic dialysis patients suggest a rather
robust association between A1C and
glucose concentration (r 5 0.51–0.56)
and U- or J-shaped A1C-mortality associ-
ation with a shift to the right. Both very
low (,6%) and high (.8%) A1C levels
appear incrementally associated with
higher all-cause and cardiovascular mor-
tality in peritoneal and hemodialysis
patients. These bimodal death risks are
robust, especially when longitudinal
A1C values are examined. Given the
availability of inexpensive and routinely
measured A1C assays in virtually all di-
alysis clinics and given inconsistent data
to prove superiority of other glycemic
markers such as glycated albumin, there
is currently no compelling reason to
abandon A1C testing. This article re-
views the utility of A1C in diabetic di-
alysis patients and supports the notion
that as long as dialysis patient–specific
A1C outcome associations are taken into

consideration, A1Cmeets the clinical crite-
ria of an ideal test for long-term glycemic
control in these patients.

DIABETIC DIALYSIS
PATIENTS—Type 2 diabetes is the
leading cause of chronic kidney disease
across the globe (1,2). In the U.S., the cost
of diabetic nephropathy is estimated to be
over $15 billion annually (2). Despite
higher prevalence of comorbid complica-
tions in diabetic versus nondiabetic dialysis
patients, it is still debatable whether medi-
cal management of type 2 diabetes at this
advanced disease stage has a significant
bearing on outcomes (3). More confusing
is the observation that in at least one-third
of diabetic dialysis patients recurrent hypo-
glycemic episodes prompt cessation of
antihyperglycemic therapy despite years
to decades of needed insulin administration
prior to the end-stage kidney disease, a phe-
nomenon also referred to as “burnt-out di-
abetes” (4,5).Notwithstanding the challenges
of the confounding role of nephropathy in
the natural history of diabetes, dialysis pa-
tient mortality has remained at ;20% per
year, a death rate that is embarrassingly
higher than many fatal cancers (2). Given
that the consistency of clinical trials target-
ing such conventional cardiovascular risk
factors as serum cholesterol level has min-
imal, if any, effect on improving survival in

diabetic dialysis patients (6), better glyce-
mic control using traditional and/or novel
glycemic metrics is of high clinical priority.
Whereas A1C remains the most used gly-
cemic marker in dialysis patients, some
studies have examined the use of other
markers including glycated albumin (7,8)
and fructoseamine (9,10) in these patients.

A1C IN DIABETIC DIALYSIS
PATIENTS—Over 3 decades of A1C
monitoring of diabetic patients by targeting
A1C ,7% or lower has made this metric
the unquestionable foundation of clinical
diabetology. However, recent data indicate
that even in nonuremic patients A1C
exhibits a J-shaped association with out-
comes (11). This finding, probably due to
the deleterious impact of hypoglycemia,
has refuted the original “the lower the bet-
ter” principle of glycemic control. Some
data suggest that A1C has significant limi-
tations and may not be a reliable glycemic
metric in several hematological and endo-
crine disorders, in uremia, and when
certain medications are used such as eryth-
ropoietin (12). It has even been suggested
that A1C has no place in certain popula-
tions, including dialysis patients (13,14),
and such calls have also served to justify
the use of alternative measures of glycemia
including fructosamine and glycated albu-
min (8). The continued discussion about
the reliability of A1C in dialysis populations
has generatedmuch confusion among both
physicians and patients. These suggestions,
however, are often based on the flawed
assumption that dialysis patients should
follow the same A1C target ranges as in
nonuremic people. That many studies have
not found A1C ,7% to be associated with
the best dialysis patient outcome does not
discredit A1C as a useful glycemic metric.

As shown in Table 1, most, but not all,
studies support A1C utility for the manage-
ment of diabetic dialysis patients. From the
early 1990s to mid-2000s, several small
studies (with,150 subjects) found consis-
tent associations between higher A1C and
poorer clinical outcomes in predialysis and
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dialysis patients with diabetic nephropathy
(13,15–18). The first large and nationally
representative cohort study of A1C-death
association indialysis patientswaspublished
in 2006 byWilliams et al. (13)who reported
practically no association between one-time
measured A1C and survival at 12months in
24,875 diabetic dialysis patients from the

largest dialysis organization in the U.S., i.e.,
Fresenius Medical Care. The lack of a sur-
vival association or trend in this study was
likely due to the short-term follow-up and
other methodological limitations such as
non-time-dependent survival models and
lack of stratified analyses to detect interac-
tions (1); however, this study led to some

confusion about the role of glycemic con-
trol in diabetic dialysis patient care and
questioned the validity of A1C as a reliable
marker to this end (19). It was then even
suggested that the guidelines pertaining to
glycemic controls for individuals with-
out advanced nephropathy may not ap-
ply to the dialysis population (13,19).

Table 1—Overview of studies examining the utility of A1C in predicting survival in diabetic CKD patients

Reference Type of study Study sample size Follow-up Results

Tzamaloukas et al., 1993 (31) PD (single center, U.S.) N 5 226 PD pts Unknown Greater survival in patients with good
glycemic control.

Wu et al., 1997 (15) HD (single center,
Taiwan)

N 5 137 HD pts 5 yrs Death HR 0.37 with A1C ,10%
compared with poor glycemic group.

Morioka et al., 2001 (16) HD (single center,
Japan)

N 5 150 HD pts 3 yrs Death HR of 1.13% with A1C $7.5.

McMurray et al., 2002 (17) PD/HD (single center,
U.S.)

N 5 83 dialysis pts 1 yr Nonrandomized trial. A1C ↓&QoL ↑ after
intervention but no survival benefit.

Menon et al., 2005 (32) NDD-CKD (MDRD
cohort, U.S.)

N 5 768 nondiabetic pts
NDD-CKD

10 yrs All-cause death HR with 1% higher A1C:
1.73 (95% CI 1.24–2.41). CV death
HR with 1% higher A1C: 1.53
(0.96–2.43).

Oomichi et al., 2006 (18) HD (single center,
Japan)

N 5 114 HD pts 4 yrs Death HR 2.89 with A1C $8 compared
with A1C ,6.5.

Williams et al., 2006 (13) HD (Fresenius, U.S.) N 5 24,875 HD pts 1 yr No difference in survival across A1C
increments.

Kalantar-Zadeh et al.,
2007 (20)

HD (DaVita, U.S.) N 5 26,187 HD pts 3 yrs Incremental increase in death risk across
A1C increments in adjusted model.
Paradoxical associations in naive
models.

Williams et al., 2009 (21) HD (Fresenius, U.S.) N 5 23,829 HD pts 1 yr High (.11%) and low (,5%) A1C
levels were associated with higher
hospitalization risk.

Drechsler et al., 2009 (26) HD (4D Study,
Germany)

N 5 1,255 HD pts 4 yrs With each 1% increase in A1C, the risk of
sudden death rose by 18%; similarly,
with eachCVeventmortality rose by8%.

Williams et al., 2010 (22) HD (Fresenius, U.S.) N 5 24,875 HD pts 3 yrs In adjusted time-dependent Cox
models, extremes of glycemia were
associated with poor survival.

Shurraw et al., 2010 (14) HD (Canada) N 5 1,484 HD pts 8 yrs No association between glycemic control
and survival.

Duong et al., 2011 (23) PD (DaVita, U.S.) N 5 2,798 PD pts 6 yrs Higher (.8%) A1C was associated with
increased all-cause and CV death.
Similar association trends with BG.

Molnar et al., 2011 (24) HD& KTR (DaVita and
SRTR, U.S.)

N 5 2,872 HD pts who
underwent kidney Tx

6 yrs Higher (.8%) pretransplant A1C was
associated with higher posttransplant
death risk.

Shurraw et al., 2011 (27) NDD-CKD Canadian
(Alberta)

N5 23,296 pts with eGFR
,60 mL/min/1.73 m2

4 yrs Both higher (.9%) and lower (,6.5%)
A1C were associated with risks of
death, CKD progression, ESKD CV
events, and hospitalization.

Ricks et al., 2012 (25) HD (DaVita, U.S.) N 5 54,757 HD pts 6 yrs Higher (.8%) and lower (,6%) A1C
was associated with increased all-
cause and CV death. Similar
association trends with BG.

4D Study, Diabetes and Dialysis Study; BG, blood glucose; CAPD, continuous ambulatory peritoneal dialysis; CV, cardiovascular; DM, diabetes; eGFR, estimated
glomerular filtration rate; ESKD, end-stage kidney disease; HD, maintenance hemodialysis; HR, hazard ratio; KTR, kidney transplant recipients; MDRD, Modification
of Diet in Renal Disease; NDD-CKD, non-dialysis-dependent CKD; PD, peritoneal dialysis; pts, patients; QoL, quality of life; RCT, randomized controlled trial; SRTR,
Scientific Registry of Transplant Recipients; Tx, transplant.
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In 2007, another large and nationally
representative cohort study from the second
largest U.S. dialysis organization (DaVita) in
23,618 hemodialysis patients who were
followed for up to 3 years (2001–2004)
(20) showed that in unadjusted survival
models lower A1C values appeared para-
doxically associated with higher mortality
rates; however, after adjusting for potential
confounders, A1C.6% was incrementally
and linearly associated with increased death
risks over 3 years. In 2008, a second cohort
study with 23,829 diabetic dialysis patients
from Fresenius found that extremely high
and low A1C (.11% and,5%) was asso-
ciated with higher hospitalization risk (21).
The third Fresenius dialysis cohort study
was published in 2010 (22) to supplement
the authors’ prior analyses (which had
found no correlation between A1C and
mortality at 1 year [13]) by extending the
follow-up period to 3 years. In these 24,875
diabetic hemodialysis patients, adjusted
time-dependent Cox models indicated that
extremes of glycemia were indeed associ-
ated with inferior survival (22).

Very recently, however, three addi-
tional studies have emerged from DaVita
national dialysis cohorts (23–25) indicating
that both high and low A1C levels in
dialysis patients are associated with poor
outcomes. Duong et al. (23) examined
mortality predictability ofA1C and random
serum glucose in a 6-year (2001–2007) co-
hort of 2,798 diabetic peritoneal dialysis
patients with repeated A1Cmeasures. Ran-
dom serum glucose levels correlated with
A1C (r 5 0.51). Adjusted all-cause death
hazard ratio (HR) for time-varying A1C at
1% increments between ,7% and $10%
exhibited an incremental and linear A1C-
death association. Time-averaged blood
glucose showed a similar death pattern,
corroborating the close correlation be-
tween A1C and glycemic exposure (23).
In a novel effort to examine the association
of pretransplant glycemic control during
the dialysis treatment era with posttrans-
plant outcomes in kidney transplant recip-
ients, Molnar et al. (24) recently reported
similar pattern of outcome predictability
for A1C. Finally, Ricks et al. (25) examined
mortality predictability of A1C and random
serum glucose over 6 years in 54,757 dia-
betic hemodialysis patients and found
a robust correlation between random se-
rum glucose and A1C (r 5 0.56) and a
U-shaped mortality association including
incrementally higher death risks with
A1C .8% and ,6%. The identical death
predication for time-averaged random
glucose confirmed the reliability of A1C

as a goodmarker of glycemic exposure (25).
Furthermore, a post hoc analysis of the
1,255 diabetic hemodialysis patients
from a large clinical trials in Germany also
showed a graded increase in sudden cardiac
death with higher A1C levels (26). A U- or
J-shaped A1C-death association was re-
cently reported in a large Canadian cohort
of 23,296 non-dialysis-dependent diabetic
patients with eGFR,60.0mL/min/1.73m2

(27); in that A1C levels ,6.5% and .9%
were associated with poor outcomes (27).
It is important to note that in the study by
Williams et al. (13), the only large study
unable to demonstrate an association be-
tween A1C and mortality, only a single
baseline measurement of A1C was used
for analysis.

IS GLYCATED ALBUMIN
A BETTER GLYCEMIC
MARKER?—Recent data by Freedman
and colleagues (7,8) suggest that glycated
albuminmay be superior to A1C for mon-
itoring glycemic control in diabetic dial-
ysis patients because glycated albumin
is a measure of shorter-term glycemic
control (2 to 3 weeks) than A1C (1 to 2
months). Freedman et al. (8) reported
that each 5% increase in quarterly mea-
sured glycated albumin was associated
with 14% higher risk for all-cause mortal-
ity in 444 prevalent diabetic dialysis pa-
tients during 2.3 years, whereas there was
no association between A1C or blood glu-
cose and death risk in this cohort. The
reported lack of glucose-death association
in this study, however, cast doubt on the
validity of the glycated albumin as a true
glycemic marker and may indicate that
the positive finding was essentially a re-
flection of the inherent mortality predict-
ability of serum albumin in any dialysis
patient population (28). It is also argued
that the ratio of A1C to glycated albumin is
30–40% higher in dialysis patients than in
nonuremic patients (7) making the point
that A1C underestimates the degree of hy-
perglycemia. However, albumin homeo-
stasis is often abnormal in dialysis patients,
many of whom have hypoalbuminemia
(28); hence, potential inaccuracies with
glycated albumin are probably even worse
than the known limitations of A1C and
may be a potential explanation for the
higher A1C:glycated albumin ratio in
dialysis patients (29). Among the poten-
tial reasons for the discrepancy between
the study by Freedman et al. (8) and the
positive A1C studies in Table 1 is the fact
that the risk with glycemic control is cumu-
lative and best captured in a time-dependent

or time-averaged analysis; the greater the
number of measurements of the risk factor
of interest, the better captured is the cumu-
lative risk (29). In the study by Freedman
et al. (8), the median number of A1C mea-
surements was less than glycated albumin
(3 vs. 8), and the number of events was
rather small, limiting the statistical power.
Adequate monitoring of glycemic control
would require a monthly measurement of
glycated albumin compared with a quar-
terly measurement of A1C, which would
add to the overall expense (29). Given the
limitations of the existing data, it seems
premature to abandon A1C in favor of
glycated albumin.

RECOMMENDATIONS AND
CONCLUSIONS—Given the prepon-
derance of supportive data reviewed above
and summarized in Table 1, A1C remains
the ideal glycemicmetric and outcome pre-
dictor in diabetic dialysis patients as long as
the target range is carefully tailored for this
unique patient population. We suggest
considering the following points in the util-
ity and interpretation of A1C:

1. Both high (.8%ormore unequivocally
.9%) and very low (,6%) A1C levels
appear associated with poor outcomes
in diabetic dialysis patients. Hence, the
conventional A1C target ranges rec-
ommended for the nonuremic diabetic
population (e.g., ,7%) should not be
extrapolated to dialysis patients.

2. The A1C-death association appears
more robust in patients with higher
hemoglobin levels (.10 g/dL) and
better nutritional status (albumin
.3.8 g/dL). In more severely anemic
patients or those with protein-energy
wasting, low A1C may be a surrogate of
poor nutritional status and, hence, a
mortality predictor. Indeed, a provoc-
ative cohort study in chronic heart failure
patients found a paradoxically inverse
association between higher A1C and
greater survival (30). Given the interac-
tion of nutrition, inflammation, and ane-
mia with indices of glycemic control, an
unusually low A1C (,6%) may war-
rant additional work-up rather than
being considered as a “favorable” range.

3. A1C monitoring in dialysis patients
should be based on repeated measures
and examining the moving averages
and trends rather than a single mea-
surement. The DaVita cohort studies
are consistent in showing a more ro-
bust, linear, and incremental outcome
predictability of time-averaged A1C
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(23–25). Indeed, even in the Fresenius
cohort studies, which initially showed
no A1C-death association over a short
follow-up period with a single A1C
measurement (13), a statistically sig-
nificant mortality trend with high A1C
values was observed when time-varying
models using multiple A1C values were
used (22).

4. Given the well-studied and well-
established associations of A1C and
clinical outcomes including all-cause
and cardiovascular mortality, hospi-
talization, and risk of nephropathy
progression in the majority of studies
(Table 1), dismissing the inexpensive
and conveniently available A1C in
favor of such other glycemic metrics as
glycated albumin is immature at this
time. Comparative outcome studies be-
tween A1C and these glycemic markers
in diabetic dialysis patients are needed
before they can be recommended for
clinical use.
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