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Glycemic Control and Cardiovascular Mortality in
Hemodialysis Patients With Diabetes

A 6-Year Cohort Study

Joni Ricks,! Miklos Z. Molnar,? Csaba P. Kovesdy,’

Mark Williams,® and Kamyar Kalantar-Zadeh!*"°

Previous observational studies using differing methodologies
have yielded inconsistent results regarding the association
between glycemic control and outcomes in diabetic patients
receiving maintenance hemodialysis (MHD). We examined mor-
tality predictability of A1C and random serum glucose over time
in a contemporary cohort of 54,757 diabetic MHD patients (age
63 * 13 years, 51% men, 30% African Americans, 19% Hispanics).
Adjusted all-cause death hazard ratio (HR) for baseline A1C
increments of 8.0-8.9, 9.0-9.9, and =10%, compared with 7.0-
7.9% (reference), was 1.06 (95% CI 1.01-1.12), 1.05 (0.99-1.12),
and 1.19 (1.12-1.28), respectively, and for time-averaged A1C was
1.11 (1.05-1.16), 1.36 (1.27-1.45), and 1.59 (1.46-1.72). A symmet-
ric increase in mortality also occurred with time-averaged A1C
levels in the low range (6.0-6.9%, HR 1.05 [95% CI 1.01-1.08]; 5.0-
5.9%, 1.08 [1.04-1.11], and =5%, 1.35 [1.29-1.42]) compared with
7.0-7.9% in fully adjusted models. Adjusted all-cause death HR for
time-averaged blood glucose 175-199, 200-249, 250-299, and
=300 mg/dL, compared with 150-175 mg/dL (reference), was
1.03 (95% CI 0.99-1.07), 1.14 (1.10-1.19), 1.30 (1.23-1.37), and
1.66 (1.56-1.76), respectively. Hence, poor glycemic control
(A1C =8% or serum glucose =200 mg/dL) appears to be associ-
ated with high all-cause and cardiovascular death in MHD
patients. Very low glycemic levels are also associated with high
mortality risk. Diabetes 61:708-715, 2012

iabetes is a potent cardiovascular risk factor
in the general population as well as in people
with end-stage renal disease (ESRD) undergoing
maintenance dialysis treatment (1-5). Clinical
trials have shown that tight glycemic control decreases
the risk of developing retinopathy, nephropathy, and neu-
ropathy in the general population (6,7). Furthermore, gly-
cemic control—as measured by A1C—is a predictor of
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cardiovascular complications, including myocardial in-
farctions and hospitalizations for coronary artery disease
(1,8). Some guidelines, such as those of the National Kid-
ney Foundation Kidney Disease Outcomes Quality Initia-
tive (KDOQI), have recommended that diabetic dialysis
patients should follow the American Diabetes Association
guidelines; however, there is no consistent evidence to
support these recommendations for patients with ESRD (9—
12). This lack of evidence is highlighted by the KDOQI
recommendations, last updated in 2007, stating that “target
A1C for people with diabetes should be <7%, irrespective of
presence or absence CKD [chronic kidney disease]” (13).

There are several issues unique to the dialysis popu-
lation that obligate a separate examination of glycemic
control on outcomes in this cohort. Insulin and glucose
homeostasis are affected by uremia, which may aggravate
insulin resistance (14). Moreover, it may be difficult to
accurately assess glycemic control in this population be-
cause of changes in erythrocyte survival in renal failure
and the effects of erythropoiesis-stimulating agents on A1C
levels (14,15).

Recently, three large randomized trials have indicated
that intensive glucose lowering in patients with type 2 di-
abetes did not reduce the risks of cardiovascular disease,
the most common source of ESRD mortality (16-19). Ad-
ditionally, Williams and colleagues (20,21) reported a higher
risk of death only in diabetic hemodialysis patients with
AIC levels >11%. Shurraw et al. (22) found that higher
casual glucose and A1C levels were not associated with
mortality in maintenance hemodialysis (MHD) patients
with or without diabetes. In contrast, we reported that
after adjusting for potential confounders, higher A1C val-
ues were incrementally associated with higher death risks
in patients on MHD (23). These large observational studies
with differing methodologies and recruited patient pop-
ulations reached somewhat contrasting conclusions re-
garding the association of A1C with survival in diabetic
MHD patients. Hence, we undertook this study to further
examine the predictive value of glycemic control on all-
cause and cardiovascular mortality in a large, contempo-
rary cohort of MHD patients. This extended cohort study
also adds data on glucose levels, examines the effects of
anemia and race, and provides new subset analyses.

RESEARCH DESIGN AND METHODS

We extracted, refined, and examined data from all individuals with ESRD who
underwent MHD treatment from July 2001 through June 2006 in any 1 of the 580
outpatient dialysis facilities of DaVita Inc., a large dialysis organization in the
U.S. (before its acquisition of units owned by Gambro). The study was approved
by relevant institutional review committees. Patients were included who had
been undergoing dialysis for at least 90 days, were being treated with MHD at
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the time of entry into the cohort, had a history of diabetes, and had at least one
A1C measurement in the first quarter of entry into the cohort.

Clinical and demographic measures. The creation of the cohort has pre-
viously been described (24-26). To minimize measurement variability, all re-
peated measures for each patient during any given calendar quarter, i.e., over
a 13-week interval, were averaged and values were used in all models. Average
values were obtained from up to 20 calendar quarters (q1-q20) for each labo-
ratory and clinical measure for each patient over the 6-year cohort period.
The first (baseline) studied quarter for each patient was the calendar quarter
in which the patient’s vintage reached >90 days. The presence or absence of
diabetes at baseline was obtained from DaVita Inc. data. Histories of tobacco
smoking and preexisting comorbid conditions were obtained by linking the
DaVita Inc. database to the Medical Evidence Form 2728 of the United States
Renal Data System, and the latter were categorized into 10 comorbid conditions:
ischemic heart disease, congestive heart failure, history of cardiac arrest, history
of myocardial infarction, pericarditis, cardiac dysrhythmia, cerebrovascular
events, peripheral vascular disease, chronic obstructive pulmonary disease, and
cancer (27).

Patients were followed for outcomes through 30 June 2007. The recorded
causes of death were obtained from the United States Renal Data System, and
cardiovascular death was defined as death due to myocardial infarction,
cardiac arrest, heart failure, cerebrovascular accident, and other cardiac
causes.

Laboratory measures. Blood samples were drawn using uniform techniques
in all dialysis clinics and were transported to the DaVita Laboratory in Deland,
Florida, within 24 h. All laboratory values, including A1C, were measured by
automated and standardized methods. Most laboratory values were measured
monthly. A1C was usually measured quarterly or semiannually. We divided
patients into seven a priori categories based on A1C values: <5 and =10% and
1% increments in between, to examine the dose-response association between
A1C categories and death risk. Additional analyses were performed after
subdividing the population into two groups of A1C =7 and <7 and A1C =6
and <6%. We divided patients into eight a priori categories based upon ran-
domly measured serum glucose values (<100, 100 to <125, 125 to <150, 150
to <175, 175 to <200, 200 to <250, 250 to <300, and =300 mg/dL) to examine
the dose-response association between glucose categories and death risk.
Finally, additional analyses were performed after dividing the population into
two subgroups of glucose: =150 and <150 mg/dL.

Epidemiologic and statistical methods. Survival analyses with Cox pro-
portional hazards regression with repeated quarterly measures were used to
examine whether glycemic control predicted survival for up to 6 years of
follow-up. The primary analysis examined the associations between baseline
A1C and glucose and all-cause mortality, with cardiovascular mortality serving
as a secondary outcome measure. We also performed exploratory analyses in
subgroups of patients based on age, sex, race, dialysis vintage, serum albumin
category (=3.8 or >3.8 g/dL), and anemia (serum hemoglobin <11 or >11 g/dL
and serum ferritin =500 or >500 ng/mL). We also performed exploratory
analyses according to race. To analyze the predictive value of time-averaged
A1C and glucose and assess the association between different laboratory and
clinical parameters and AlC levels, logistic regression analyses were per-
formed. For each analysis, including subgroup analyses, three models were
examined:

1) Unadjusted model that included mortality data, A1C/glucose categories,
and entry calendar quarter (q1-q20).
2) Case-mix-adjusted model that included all of the above plus age, sex, race/
ethnicity (African Americans and other self-categorized Blacks, Non-Hispanic
Caucasians, Asians, Hispanics, and others), categories of dialysis vintage
(<6 months, 6 months to 2 years, 2-5 years, and =5 years), primary in-
surance (Medicare, Medicaid, private, and others), marital status (married,
single, divorced, widowed, and other or unknown), dialysis dose as indi-
cated by Kt/V (single pool), and residual renal function during the entry
quarter, i.e., urinary urea clearance.
Case-mix plus malnutrition-inflammation-complex syndrome (MICS)-adjusted
model, which included all of the covariates in the case-mix model as well as
12 surrogates of nutritional status and inflammation, including BMI, total
nitrogen appearance (also known as normalized protein catabolic rate
[nPCR]), and 10 laboratory surrogates with known association with clinical
outcomes in hemodialysis patients (28) including serum levels of albumin,
total iron-binding capacity, ferritin, creatinine, phosphorus, calcium, bicar-
bonate, white blood cell count, lymphocyte percentage, and hemoglobin.

3

=

Missing covariate data were imputed by the multivariate regression impu-
tation method as appropriate. For all analysis, two-sided P values are reported
and results considered statistically significant if P < 0.05. All statistical anal-
yses were carried out with SAS, version 9.1 (SAS Institute, Cary, NC).
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RESULTS

Baseline data and correlations. Over the 5-year period
(July 2001-June 2006), 164,789 adult subjects received
dialysis treatment in units owned by DaVita Inc. (Supple-
mentary Fig. 1); of these, 141,762 patients were undergoing
MHD at the time of entry into the cohort. The study cohort
of 54,757 diabetic MHD patients (type 2 diabetes >96%)
was identified after excluding individuals without diabetes
(m = 61,519) and patients with diabetes without data on
AIC (n = 25,486). Of the 54,757 eligible patients who
formed the study cohort, 15,753 patients were prevalent in
the first quarter (1 July 2001-30 September 2001) and
39,004 accumulated over the subsequent 19 quarters. The
median follow-up time was 886 days.

Table 1 shows baseline demographic, clinical, and lab-
oratory characteristics of the studied MHD patients accord-
ing to seven a priori categories based upon baseline A1C.
Higher AIC levels were associated with younger age,
fewer white and more Hispanic patients, and fewer Medi-
care patients.

We found moderate but significant correlation between

serum glucose and Al1C level ( = 0.562) (Supplementary
Fig. 2). In sensitivity analyses, we found relatively consis-
tent correlations across different glucose categories and in
different subgroups of patients (Supplementary Table 1).
Of the 54,6567 MHD patients with A1C data, 50,383 also had
corresponding glucose data.
AlC and mortality. Figure 1A shows unadjusted and ad-
justed death hazard ratios (HRs) for groups based upon
baseline A1C. Case-mix— and MICS-adjusted all-cause death
HR for baseline A1C increments of 8.0-8.9, 9.0-9.9, and
=10%, compared with 7.0-7.9% (reference), was 1.06 (95%
CI 1.01-1.12), 1.05 (0.99-1.12), and 1.19 (1.12-1.28), re-
spectively. However, a time-averaged A1C =8% was as-
sociated with a higher risk of all-cause mortality (Fig. 1B).
In contrast with baseline analysis, an increased mortality
risk was found in patients with low time-averaged A1C
level. Case-mix- and MICS-adjusted all-cause death HR for
time-averaged A1C increments of 6.0-6.9, 5.0-5.9, and =5%,
compared with 7.0-7.9% (reference), was 1.05 (1.01-1.08),
1.08 (1.04-1.11), and 1.35 (1.29-1.42) (Fig. 1B).

Hemoglobin level (=11.0 or <11.0 g/dL) was identified
as a nonsignificant modifier of the time-averaged A1C-
mortality association (P value for interaction term, P =
0.67). In 43,806 or 80% of diabetic MHD patients, blood
hemoglobin was =11.0 g/dL. Supplementary Fig. 3A and B
shows the same analyses as shown in Fig. 1A for nonanemic
(A) and anemic (B) MHD patients. Among nonanemic
patients, time-averaged A1C levels of 8.0-8.9, 9.0-9.9,
and =10% were associated with 9, 33, and 57% higher all-
cause mortality, respectively (reference: A1C 7.0-7.9%; HR
1.09 [95% CI 1.03-1.15], 1.33 [1.23-1.43], and 1.57 [1.43-
1.72]). However, only time-averaged A1C =9% was asso-
ciated with a poor outcome in patients with hemoglobin
<11.0 g/dL.

Race was identified as a significant modifier of the time-
averaged A1C-mortality association (P value for interaction
terms: black, P = 0.02; white, P = 0.09; Hispanic, P = 0.03).
Supplementary Fig. 4A—-C shows the same analyses as
shown in Fig. 14 for white (A), black (B), and Hispanic (C)
MHD patients. Among blacks and whites, time-averaged
A1C =8.0% was associated with higher all-cause mortality.
However, among high A1C values, only time-averaged
A1C =10% was associated with a poor outcome in Hispanic
patients. Subsequent subgroup analyses were performed to
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FIG. 1. HRs of all-cause mortality of the entire range of A1C in 54,757 MHD patients using standard Cox proportional hazards regression (A),
a time-averaged model (B), and HRs of all-cause mortality of serum glucose in 50,383 diabetic MHD patients using standard Cox proportional
hazards regression (C) and a time-averaged model (D). Case-mix model is adjusted for age, sex, race and ethnicity, categories of dialysis vintage,
primary insurance, marital status, dialysis dose as indicated by Kt/V (single pool), and residual renal function during the entry quarter. MICS-
adjusted model includes all of the case-mix covariates as well as BMI, nPCR, serum levels of albumin, total iron-binding capacity, ferritin, cre-
atinine, phosphorus, calcium, bicarbonate, blood white blood cell count, lymphocyte percentage, and hemoglobin.

examine the HRs for all-cause mortality for patients with
baseline A1C =7% among relevant demographic, clinical,
and laboratory categories of MHD patients (Fig. 24). All
unadjusted analyses show that A1C >7% is protective
against all-cause mortality. However, this diminished or
reversed after adjustment for case-mix and MICS variables
in all subgroups. In the entire MHD population, the HR for
all-cause mortality in patients with baseline A1C =7% was
1.06 (95% CI 1.01-1.11) after adjustment for case-mix and
MICS variables. A1C =7% was associated with higher
mortality risk in white male patients, patients aged <65
years, patients with albumin <3.8 g/dL, and patients with
hemoglobin =11.0 g/dL.

We repeated the analyses using cardiovascular death as
the outcome. Figure 34 and B shows unadjusted and ad-
justed HRs according to the baseline and time-averaged
Al1C values. Similarly to all-cause mortality, increased
cardiovascular mortality risk was associated with baseline
A1C =10% and time-averaged A1C =8%.

Glucose and mortality. Figure 1C shows unadjusted and
adjusted death HRs for groups based upon baseline glu-
cose. Case-mix— and MICS-adjusted all-cause death HR
for baseline glucose increments of 200-249, 250-299, and

diabetes.diabetesjournals.org

=300 mg/dL, compared with 150-175 mg/dL (reference),
was 1.03 (95% CI 0.99-1.08), 1.04 (0.99-1.09), and 1.16
(1.10-1.22), respectively. However, a time-averaged glu-
cose =200 mg/dL was associated with a higher risk of all-
cause mortality (Fig. 1D).

Hemoglobin level (=11.0 or <11.0 g/dL) was not iden-
tified as a significant modifier of the baseline glucose-
mortality association. Supplementary Fig. 5A and B shows
the same analyses as shown in Supplementary Fig. 3 for
nonanemic (A) and anemic (B) MHD patients. Among
anemic and nonanemic patients, a baseline glucose =200
mg/dL was associated with higher all-cause mortality (ref-
erence: glucose 150-175 mg/dL). Supplementary Fig. 6A-C
shows the same analyses as shown in Supplementary Fig. 4
for white (A), black (B), and Hispanic (C) MHD patients.

Subsequent subgroup analyses were performed to ex-
amine the HRs for all-cause mortality for patients with
baseline glucose =150 mg/dL among relevant demographic,
clinical, and laboratory categories of MHD patients including
race, sex, age, vintage, and selected laboratory measures
(Fig. 2B). In the entire MHD population, the HR for all-cause
mortality in patients with baseline glucose =150 mg/dL was
1.04 (95% CI 0.99-1.08) after adjustment for case-mix and

DIABETES, VOL. 61, MARCH 2012 711
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FIG. 2. HRs of all-cause mortality for the dichotomized A1C >7% in different subgroups of 54,757 MHD patients (A) and HRs of all-cause mortality
for the dichotomized glucose >150 mg/dL in different subgroups of 50,383 MHD patients (B). Fully adjusted model is controlled for age, sex, race
and ethnicity, categories of dialysis vintage, primary insurance, marital status, dialysis dose as indicated by Kt/V (single pool), residual renal
function during the entry quarter, BMI, nPCR, serum levels of albumin, total iron-binding capacity, ferritin, creatinine, phosphorus, calcium, bi-
carbonate, blood white blood cell count, lymphocyte percentage, and hemoglobin.

MICS variables. A baseline glucose =150 mg/dL was asso-
ciated with higher mortality risk in Hispanic patients and
patients with albumin <3.8 g/dL.

We repeated the analyses using cardiovascular death as
the outcome. Figure 3C and D shows unadjusted and ad-
justed HRs according to the baseline and time-averaged
glucose values. Similarly to all-cause mortality, cardiovas-
cular mortality risk was associated with a baseline glucose
=300 mg/dL and a time-averaged glucose =200 mg/dL.
Correlates of low A1C. To examine the likelihood of
unusually low A1C in diabetic HD patients, we performed
a multivariate logistic regression analysis comparing the
odds of low (<6%) A1C to the nonlow A1C group (=6%)
(Table 2). In our case-mix—adjusted model, each gram per
deciliter increase in serum albumin (odds ratio 0.90 [0.86—
0.94]) and blood hemoglobin level (0.87 [0.86-0.88]), each
gram per kilogram per day increase of nPCR (0.55 [0.51-
0.59]), and each kilogram per meters squared increase in
BMI level (0.93 [0.92-0.94]) translated into a 10, 13, 45, and
7% lower risk of A1C level <6%, respectively.

DISCUSSION

In this large-scale and contemporary cohort of 54,757 di-
abetic MHD patients, we report that a time-averaged A1C
=8% or time-averaged serum glucose =200 mg/dL appears
to be associated with higher all-cause and cardiovascular
mortality. This association was particularly robust in di-
abetic MHD patients with hemoglobin levels =11 g/dL.
Subgroup analyses showed that the baseline A1C thresh-
old for higher all-cause mortality was higher in Caucasians,
men, and patients with albumin level <3.8 g/dL (A1C =7%).
We also report that the likelihood of having low baseline
Al1C (<6%) was associated with lower values for BMI, al-
bumin, creatinine, and nPCR levels, indicating a link be-
tween A1C level and malnutrition and inflammation burden.
These findings may have important clinical implications,
especially since they imply that moderate hyperglycemia
may not be a risk factor for death for this population.
The literature on the relationship between glycemic con-
trol and survival in CKD population is somewhat limited.
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However, a study using data from patients treated in units
owned by the Fresenius Group was unable to demonstrate
any association between A1C and 1-year survival in 24,875
hemodialysis patients (11). These findings contrast with
those of several other observational studies: Wu et al. (29)
studied 137 hemodialysis patients with type 2 diabetes and
reported that the cumulative survival was lower in the
group with poor glycemic control. Similarly, we have
previously shown that higher A1C is associated with in-
creased death risk in patients treated with hemodialysis in
time-dependent analyses (23). Recently, a study published
this year (30) that examined the time-dependent associa-
tion between A1C levels and mortality and cardiovascular
events in diabetic dialysis patients reported a significantly
increased all-cause mortality among patients reporting
Al1C levels <6% (31,32). Additionally, Williams et al. (21)
reported a higher risk for death only in type 2 diabetic
hemodialysis patients with A1C levels >11% when using
baseline and time-dependent models. Moreover, we found in
a contemporary peritoneal dialysis population that only poor
glycemic control (A1C =8% and/or glucose =300 mg/dL)
appeared to be associated incrementally with lower sur-
vival in peritoneal dialysis patients (33). These studies pro-
vide additional evidence that very poor glycemic control is
associated with higher mortality in dialysis patients. How-
ever, peritoneal dialysis patients have a different glycemic
burden than MHD patients, including glucose load from the
peritoneal dialysate.

There are several possible mechanisms that might ex-
plain the relationship between glycemic control and sur-
vival of MHD patients. Poor glycemic control might result
directly in macrovascular complications, possibly second-
ary to the generation of advanced glycation end products
(AGEs), and, hence, shorten survival of these patients.
However, higher AGE levels in 312 hemodialysis patients
were found, paradoxically, to be associated with better
survival (34). The determination of whether the benefit of
high serum AGEs in these types of observational studies is
an epiphenomenon or reflects a better nutritional status
requires further study. Furthermore, comorbid conditions
might make glycemic control unsatisfactory, and the higher
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FIG. 3. HRs of cardiovascular mortality of the entire range of A1C in 54,757 MHD patients using standard Cox proportional hazards regression (A4),
a time-averaged model (B), and HRs of cardiovascular mortality of serum glucose in 50,383 diabetic MHD patients using standard Cox proportional
hazards regression (C) and a time-averaged model (D). Case-mix model is adjusted for age, sex, race and ethnicity, categories of dialysis vintage,
primary insurance, marital status, dialysis dose as indicated by Kt/V (single pool), and residual renal function during the entry quarter. MICS-
adjusted model includes all of the case-mix covariates as well as BMI, nPCR, serum levels of albumin, total iron-binding capacity, ferritin, cre-
atinine, phosphorus, calcium, bicarbonate, blood white blood cell count, lymphocyte percentage, and hemoglobin.

risk for death may be secondary to the comorbid conditions
rather than the poor glycemic control itself. An interven-
tional study of the impact of glycemic control is needed to
confirm the reported findings.

In this observational study, we found that compared
with patients with A1C 7.0-7.9% (reference), patients with
time-averaged A1C increments of 6.0-6.9, 5.0-5.9, and =5%
had 5, 8, and 35% higher all-cause mortality risk, respectively.
A similar association was found in different observational
trials in dialysis populations (21,23,33). Moreover, in the
Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial, a prospective interventional study in
10,251 patients with diabetes and without renal failure
investigated whether A1C <6%, to be attained by intensive
glucose control, reduces cardiovascular events and mor-
tality. Surprisingly, they found an increase in all-cause
mortality in the intensive therapy group compared with the
standard therapy group (16). There are at least two po-
tential mechanisms that might explain the relationship
between low A1C level and survival of MHD patients. It is
possible that intensive diabetes control increases the risk
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for hypoglycemic episodes, which with increasing fre-
quency increases the risk of dying in the long-term follow-
up period. Another potential explanation is that low A1C
level is a surrogate marker of protein-energy wasting,
which is a well-know predictor of mortality in MHD
patients (35). This was supported by our observations. In
our logistic regression model, the markers of protein-
energy wasting such as albumin, creatinine, and BMI in-
dicated a correlation with having a low A1C level. After
adjusting the MICS covariables, we found that this asso-
ciation was abolished or sometimes inversed, indicating
that MICS is in the causal pathway.

The information on comorbidity in our study was limited
to that obtained from Medical Evidence Form 2728, a form
through which comorbid conditions are significantly un-
derreported (36). Moreover, we did not have any data
available on the medications, if any, to treat diabetes or
their doses, and we did not study patient adherence with
therapy. Furthermore, the required dose of these medi-
cations can be confounded by the residual renal function
and its deterioration over time (37). Another potential
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TABLE 2

Multivariate logistic regression models showing clinical parameters and their odds ratios (95% CI) for low (<6%) A1C compared with

the nonlow A1C group (=6%) as reference

Unadjusted

Case-mix adjusted

Case-mix and MICS adjusted

Age (+1 year)
Female vs. male sex (reference)
Race
White
Black
Hispanic
Asian
Dialysis vintage
0-6 months
6-24 months
2-5 years
>b years
Primary insurance
Medicare
Medicaid
Private
Other
Marital status
Married
Divorced
Single
Widowed
Presence of comorbidities
Hypertension
Inability to ambulate
Cerebrovascular disease
Other cardiac disease
Peripheral vascular disease
Cancer
Congestive heart failure
Atherosclerotic heart disease
Inability to transfer
Tobacco use
Pulmonary disease
Laboratory parameters
Delivered single-pool Kt/V (+1 increase)
Albumin (+1 g/dL increase)
Creatinine (+1 mg/dL increase)
Total iron-binding capacity (+100 mg/dL increase)
Bicarbonate (+1 mg/dL increase)
Phosphorus (+1 mg/dL increase)
Calcium (+1 mg/dL increase)
Protein catabolic rate (+1 g/kg/day increase)
Blood hemoglobin (+1 g/dL increase)
Lymphocyte (+1% of total WBCs)
BMI (+5 kg/m? increase)

1.02 (1.02-1.03)
1.04 (1.00-1.07)

Reference
1.15 (1.11-1.19)
0.77 (0.74-0.81)
0.92 (0.83-1.01)

Reference
0.90 (0.87-0.93)
0.98 (0.95-1.02)
1.13 (1.08-1.18)

Reference
0.90 (0.83-0.97)
0.96 (0.91-1.02)
0.77 (0.73-0.81)

Reference
0.90 (0.84-0.96)
0.92 (0.88-0.96)
1.33 (1.27-1.40)

1.00 (0.95-1.04)
1.40 (1.28-1.52)
1.09 (1.03-1.16)
1.21 (1.12-1.30)
0.94 (0.90-0.99)
1.55 (1.41-1.71)
0.98 (0.94-1.10)
0.98 (0.94-1.02)
1.68 (1.44-1.96)
1.03 (0.94-1.12)
1.20 (1.12-1.30)

0.98 (0.93-1.02)
0.90 (0.87-0.94)
1.02 (1.01-1.02)
0.68 (0.67-0.69)
1.02 (1.01-1.03)
0.95 (0.94-0.96)
1.08 (1.05-1.10)
0.54 (0.51-0.58)
0.87 (0.86-0.88)
1.00 (0.99-1.00)
0.92 (0.91-0.92)

1.03 (1.02-1.03)
0.98 (0.94-1.02)

Reference
1.07 (1.02-1.11)
0.79 (0.75-0.83)
0.82 (0.74-0.91)

Reference
0.93 (0.88-0.98)
1.02 (0.96-1.08)
1.16 (1.08-1.23)

Reference
1.13 (1.04-1.23)
1.02 (0.96-1.08)
0.87 (0.82-0.92)

Reference
0.98 (0.91-1.05)
1.09 (1.04-1.14)
1.06 (1.00-1.12)

1.01 (0.97-1.06)
1.26 (1.14-1.40)
1.00 (0.94-1.07)
1.12 (1.03-1.20)
0.90 (0.86-0.95)
1.30 (1.18-1.44)
0.90 (0.87-0.94)
0.88 (0.84-0.92)
1.27 (1.06-1.52)
1.15 (1.05-1.26)
1.09 (1.01-1.18)

0.90 (0.86-0.95)
0.90 (0.86-0.94)
1.05 (1.04-1.06)
0.73 (0.71-0.74)
1.00 (0.99-1.01)
1.00 (0.99-1.01)
1.04 (1.01-1.06)
0.55 (0.51-0.59)
0.87 (0.86-0.88)
1.00 (1.00-1.01)
0.93 (0.92-0.94)

1.03 (1.03-1.03)
1.00 (0.96-1.04)

Reference
0.91 (0.87-0.96)
0.79 (0.75-0.84)
0.78 (0.70-0.87)

Reference
0.95 (0.90-1.01)
0.96 (0.91-1.02)
0.93 (0.86-1.00)

Reference
1.12 (1.03-1.22)
1.02 (0.96-1.09)
0.94 (0.89-0.99)

Reference
0.97 (0.90-1.04)
1.08 (1.03-1.13)
1.04 (0.99-1.10)

1.02 (0.97-1.06)
1.25 (1.13-1.39)
1.00 (0.94-1.06)
1.13 (1.04-1.22)
0.90 (0.85-0.95)
1.24 (1.12-1.37)
0.94 (0.90-0.98)
0.89 (0.85-0.93)
1.25 (1.04-1.50)
1.12 (1.02-1.23)
1.13 (1.04-1.22)

1.12 (1.05-1.19)
1.09 (1.03-1.15)
1.08 (1.07-1.09)
0.78 (0.76-0.78)
0.99 (0.98-1.00)
1.01 (0.99-1.02)
1.09 (1.06-1.12)
0.45 (0.41-0.49)
0.87 (0.86-0.88)
1.00 (1.00-1.00)
0.93 (0.92-0.94)

WBCs, white blood cells.

limitation is the use of nonfasting (random) blood draw for
A1C and glucose as well as a lack of explicit laboratory
markers of inflammation such as C-reactive protein. How-
ever, we used data on serum albumin, ferritin, total iron-
binding capacity, blood white blood cell count, lymphocyte
percentage, and hemoglobin, which have significant associ-
ations with inflammation in dialysis patients (28). Moreover,
it is known that A1C significantly underestimates glycemic
control in hemodialysis patients (38). Finally, the use of time-
averaged measures in this analysis allowed us to reduce
variability observed over time and to examine overall trends
in the association between glycemic control and mortality;
however, these methods may mask significant increases or
decreases in laboratory parameters important to survival.
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In conclusion, poor glycemic control (A1C =8% or se-
rum glucose =200 mg/dL) appears to be associated with
decreased survival in the general population of diabetic
MHD patients. Our study suggests that moderate hyper-
glycemia increases the risk for all-cause or cardiovascular
mortality of diabetic MHD patients, especially in certain
subgroups (Caucasians, men, and those with serum albu-
min =3.8 g/dL). Moreover, the presence of protein-energy
wasting contributes to the higher risk of low (<6%) A1C
level. Admittedly, mortality is only one measure of the
deleterious impact of poor glycemic control. Other po-
tential benefits of glycemic control, including slowing the
rate of progression of microvascular disease and rate of
loss of residual renal function, are possible and were not
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studied herein. Clinical trials are needed to better define
the target A1C levels in different subgroups of diabetic
MHD patients.
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