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Background: A progressive relationship between he-
moglobin A,;. (HbA,.) levels and cardiovascular (CV)
events has been observed in persons with and without
diabetes. To our knowledge, the nature of such a rela-
tionship in patients with symptomatic chronic heart fail-
ure (HF) has not been studied.

Methods: A total of 2412 participants (907 with prior
diabetes) in the Candesartan in Heart failure: Assess-
ment of Reduction in Mortality and Morbidity
(CHARM) program with at least 1 HbA,, level were
followed up for a median of 34 months. The incidence
of the primary outcome (CV death or HF hospitaliza-
tion), CV death, and total mortality was calculated
according to eighths of the usual HbA,, level ranging
from 5.8% or less to greater than 8.6%. Adjusted and
unadjusted hazard ratios per 1% rise in HbA,. levels
were also calculated.

Results: A total of 99.6% of eligible participants were fol-
lowed up until they developed an outcome or the study fin-
ished. The risk of the primary composite outcome, CV
death, hospitalization for worsening HF, and total mortal-
ity rose progressively with higher levels of usual HbA,, (P
for trend <.001). After age and sex were adjusted for, haz-
ards of these outcomes per 1% higher HbA, . level were 1.25
(95% confidence interval [CI ],1.20-1.31), 1.24 (95% CI,
1.17-1.31), 1.25 (95% CI, 1.19-1.31), and 1.22 (95% ClI,
1.16-1.29), respectively. This relationship was evident in
patients with and without diabetes and with reduced or pre-
served ejection fraction and persisted after adjustment for
diabetes, other risk factors, and allocation to candesartan.

Conclusion: In diabetic and nondiabetic patients with
symptomatic chronic HF, the HbA . level is an indepen-
dent progressive risk factor for CV death, hospitaliza-
tion for HF, and total mortality.
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IABETES 1S A METABOLIC
disorder characterized by
hyperglycemia and is well
established as a strong in-

effect of the elevated glucose levels”; (2)
insufficient insulin effect due to the rela-
tive or absolute lack of insulin that per-
mits the glucose levels to rise; (3) insulin

Author Affiliations are listed at
the end of this article.

Group Information: A list of
the CHARM Program
Investigators was published in
Lancet. 2003;362(9386):
759-766.

dependent risk factor for
cardiovascular (CV) events'; indeed, dia-
betes confers a CV risk that is compa-
rable to an age increase of 15 years.” The
exact reasons for this relationship re-
main unknown; however, they include the
strong association between diabetes and
other established CV risk factors, such as
hypertension, dyslipidemia, and renal in-
sufficiency. Moreover, a growing body of
epidemiologic evidence now implicates el-
evated glucose levels themselves as im-
portant determinants of CV disease,>® and
biologic evidence suggests that this rela-
tionship may be mediated by (1) a direct

resistance; (4) an antecedent problem that
increases both the risk of diabetes and the
risk of CV events; or (5) some combina-
tion of these factors.®

Glycated hemoglobin (HbA,,) levels re-
flect ambient glucose levels over a 2- to
3-month period and are routinely mea-
sured in people with diabetes to assess re-
sponse to glucose-lowering therapies. Epi-
demiologic studies have shown that HbA,,
is a progressive risk factor for ischemic CV
events and CV death in patients with dia-
betes®!! and in individuals in the general
population and that this relationship is in-
dependent of the presence or absence of
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diabetes.!"> However, few studies have assessed the re-
lationship between HbA,, levels and CV events in per-
sons with chronic symptomatic heart failure (HF). Be-
cause patients with this condition already have damaged
myocardial tissue, the heart may be particularly suscep-
tible to any toxic effects of an elevated glucose level.
The Candesartan in Heart failure: Assessment of Re-
duction in Mortality and Morbidity (CHARM) program
consisted of 3 international placebo-controlled trials in
patients with symptomatic chronic HF in which cande-
sartan reduced the risk of CV death or hospitalization
for worsening HF over a median follow-up of 38 months.'
The HbA,. levels were measured in a subset of CHARM
participants both at baseline and during the trial in a cen-
tral laboratory; these measurements provide a unique op-
portunity for evaluation of the relationship between HbA,,
levels and CV outcomes in patients with chronic HF.

- EEETEES

The design and results of the CHARM trials are described else-
where.'”'? Briefly, patients with symptomatic chronic HF (New
York Heart Association Class 11-1V) who (1) had a serum cre-
atinine level of less than 3 mg/dL (<265 pmol/L), (2) had a
serum potassium level of less than 5.5 mEq/L (<5.5 mmol/L),
(3) were not taking an angiotensin receptor blocker, and (4)
had no critical aortic or mitral stenosis or recent myocardial
infarction, stroke, or heart surgery were included in the study.
The patients were divided into those with (1) a left ventricular
ejection fraction (LVEF) greater than 40%; (2) an LVEF less
than or equal to 40% and who were taking an angiotensin-
converting enzyme (ACE) inhibitor; and (3) an LVEF less than
or equal to 40% and who were not receiving an ACE inhibitor
because of intolerance. Within each of the component trials,
patients were randomly allocated to treatment with candesar-
tan (up to 32 mg/d) or matching placebo between March 1999
and March 2001.

The primary outcome of the entire program was death from
any cause, and the primary composite outcome for the 3 com-
ponent trials was CV death or hospitalization for worsening HF.
All end points were independently blindly adjudicated. Deaths
were considered to be CV unless another clear cause was ap-
parent. A hospitalization for worsening HF was defined as an
unplanned admission necessitated by HF and requiring therapy
with intravenous diuretics.

Participants in North America underwent laboratory assess-
ments, including measurement of HbA,, levels, at baseline, at 6
weeks, at 14 months, and annually thereafter. Hemoglobin A,.
levels were measured in the central core laboratory with a Dia-
betes Control and Complications Trial-traceable assay using an
automated, high-performance liquid chromatography analyzer
(Biorad Variant Analyzer; GMI Inc, Ramsey, Minnesota); the nor-
mal value for this assay was less than 6.5%. Serum creatinine lev-
els were assessed by spectrophotometry using an automated chem-
istry analyzer (Olympus Chemistry Analyzer; Olympus America
Inc, Center Valley, Pennsylvania); urinary albumin levels were
assessed by a competitive radioimmunoassay (Diagnostic Prod-
ucts Corp, Los Angeles, California); and urinary creatinine lev-
els were assessed by a colorimetric kinetic Jaffe method using a
random-access analytical system (Cobas Integra Instrument; Roche
Diagnostic Systems, Branchburg, New Jersey). The estimated glo-
merular filtration rate was calculated as previously reported.* Dia-
betes status was based on self-report.

The statistical analyses were restricted to the North Ameri-
can participants in whom HbA,, levels were available through a

central laboratory as part of a planned examination of the rela-
tionship between HbA;, levels and outcomes. Usual HbA, . levels
were used to reduce regression-dilution bias and were calcu-
lated as the mean of all of the available HbA, . levels during treat-
ment until the primary outcome occurred. Characteristics of par-
ticipants divided according to eighths of usual HbA,, levels were
compared using a Cochran-Armitage test for categorical vari-
ables and linear regression for continuous variables. Division into
eighths was done to ensure that the groups clearly spanned a broad
range of glycemia that included the normoglycemic range, while
containing sufficient numbers of participants to estimate the in-
cidence of the outcome. Cox proportional hazards models were
used to analyze the prospective relationship between usual HbA,,
levels and (1) primary outcome of CV death or hospitalization
for worsening HF, (2) CV death, (3) hospitalization for worsen-
ing HF, and (4) all-cause death. Proportionality was assessed by
inspection. Independent variables that were added to the mod-
els included age, sex, LVEF, body mass index, natural logarithm
of the baseline urinary albumin-creatinine ratio, estimated glo-
merular filtration rate, systolic blood pressure, treatment alloca-
tion, current or past smoker, or use of ACE inhibitors, diuretics,
B-blockers, spironolactone, calcium channel blockers, or aspi-
rin. Survival curves for each eighth of HbA, were compared using
log-rank tests.

B RESULTS

A total of 2412 of 2743 participants (87.9%) in North
America had at least 1 HbA,, level available (mean, 2.3
measurements). Their mean age was 65.8 years; 33.0%
were women; and 37.6% had a history of diabetes. These
and the other characteristics of the cohort divided ac-
cording to eighths of usual HbA,, levels are shown in
Table 1. There was a significant progressive relation-
ship between rising eighths of HbA,. levels and the pro-
portion of patients with a history of diabetes; hyperten-
sion; CV disease; previous hospitalization for HF; baseline
New York Heart Association classification III or IV; use
of diuretics, ACE inhibitors, or vasodilators; and mean
body mass index, systolic blood pressure, heart rate, se-
rum creatinine levels, and the natural logarithm of the
urinary albumin-creatinine ratio (P for trend <.001 for
all except ACE inhibitors and systolic blood pressure, for
which P=.002 and P=.01, respectively).

Final event status was available for 2402 of the 2412
participants (99.6%) with a baseline HbA,, measure-
ment after a median follow-up period of 36.7 months.
The risk of the primary outcome (CV death or hospital-
ization for worsening HF) rose progressively with eighths
of usual HbA, levels. Indeed, the proportion of patients
with an HbA,, level in the highest HbA,. eighth (ie,
>8.6%) who had a primary outcome (50.7%), CV death
alone (25.8%), hospitalization for worsening HF (36.2%),
or death from any cause (31.9%) was 2 to 3 times higher
than in patients whose HbA,. level was 5.8% or less (P
for trend <.001 across eighths of HbA,.). Figure 1 il-
lustrates the progressive rise in the proportion of indi-
viduals who developed these outcomes in subgroups char-
acterized by progressively increasing eighths of HbA,,
levels (P<<.001).

After adjustment for age and sex in the Cox model,
the hazard of the primary composite outcome, CV death,
hospitalization for worsening HF, and all-cause death in-
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Table 1. Baseline Characteristics by Eighths of Usual Hemoglobin A;; (HbA,;) Levels
HbA; Level?
PValue

Variable <b5.80 5.80-6.00 6.01-6.25 6.26-6.50 6.51-7.00 7.01-7.60 7.61-8.60 >8.60 for Trend"
No. of participants 396 267 284 290 332 248 297 298
Age, y 62.3(12.7) 65.8(11.6) 66.7(11.5) 68.2(11.1) 685(10.6) 67.5(11.0) 64.9(11.1)  63.5(10.4) 12
SBP, mm Hg 127.2 (18.6) 127.2 (17.5) 128.7 (18.5) 128.0 (19.5) 128.0 (19.1) 127.4 (20.5) 129.0 (19.1) 131.59 (17.70) .01
Heart rate, min™' 701 (121) 691 (11.3) 71.2(11.8) 722 (11.5) 71.3(11.3) 73.9(13.0) 725(11.8)  75.6(12.0)  <.001
BMI 284 (57) 282(54) 286(56) 285(5.9) 30.1(6.9) 3048(6.87) 31.7(6.9) 32.1(6.64)  <.001
EF, % 0.39(0.26) 0.39(0.15)  0.38(0.15) 0.37 (0.15) 0.38(0.17) 0.38(0.16)  0.40 (0.16)  0.38 (0.16) 40
Serum creatinine, 91.4 (28.9) 101.3 (126.1) 99.9 (33.8) 103.6 (34.6) 106.9 (39.2) 112.3 (44.0) 105.1(38.0) 111.7(42.9)  <.001

pmol/L
eGFR, mL/min 785 (26.1) 75.7(26.0) 70.2(225) 66.9(24.4) 66.5(24.4) 645(248) 67.9(25.7) 651(28.2)  <.001
Log ACR, mg/mmol 0.29 (1.33) 047 (1.39) 0.68(1.57) 0.77 (1.52) 0.95(1.67) 1.25(1.71) 150(1.77)  1.93(2.02)  <.001
Women 132 (33.3) 80 (30.0) 93(32.7)  99(34.1) 100(30.1)  74(29.8) 109(36.7) 114 (38.3) 13
Smoking, past/current 264 (66.7) 184 (68.9) 204 (71.8) 206 (71.0) 240 (72.3) 170 (68.5) 205 (69.0) 213 (71.5) 34
Diabetes 12 (3.0) 18 (6.7) 25 (8.8) 51 (17.6) 110 (331) 155(625) 256(86.2) 280 (94.0)  <.001

Insulin treated 4(1.0) 8 (3.0) 2(0.7) 12 (4.1) 25 (7.5) 45 (18.1) 99 (33.3) 131 (44.0)  <.001

Other therapy 8(2.0) 10 (3.7) 23 (8.1) 39 (134)  83(25.0) 110(44.4) 157 (529)  149(50.0)  <.001
Hypertension 236 (59.6) 166 (62.2)  170(59.9) 191 (65.9) 223 (67.2) 176 (71.0) 211 (71.0) 228 (76.5)  <.001
Previous CV disease 208 (52.5) 177 (66.3)  195(68.7) 199 (68.6) 224 (67.5) 163 (65.7) 206 (69.4)  216(72.5)  <.001
Past CHF hospitalization 246 (62.1) 144 (53.9) 175 (61.6) 203 (70.0) 226 (68.1) 178 (71.8) 213 (71.7) 235(78.9)  <.001
Diuretics 318(80.3) 203 (76.0) 233 (82.0) 258 (89.0) 297 (89.5) 233 (94.0) 264 (88.9)  277(93.0)  <.001
B-Blockers 228 (57.6) 140 (52.4) 150 (52.8) 140 (48.3) 191 (57.5) 149(60.1) 157 (52.9) 178 (59.7) 31
ACE inhibitors 156 (39.4) 129 (48.3) 126 (44.4) 134 (46.2) 151 (45.5) 125(50.4) 158(53.2) 143 (48.0) .002
Spironolactone 52 (13.1) 32 (12.0) 32(11.3) 37(12.8) 53(16.0) 43 (17.3) 44 (14.8) 46 (15.4) .06
Calcium channel 97 (24.5) 65 (24.3) 73(25.7) 72(24.8) 85(25.6) 64(25.8) 76 (25.6) 87 (29.2) 21

blockers
Other vasodilators 108 (27.3)  85(31.8) 95(33.5)  93(32.1) 118(35.5)  97(39.) 115(387)  125(41.9)  <.001
Aspirin 231(58.3) 157 (58.8) 157 (55.3) 173(59.7) 171 (51.5) 143 (57.7) 180 (60.6) 191 (64.1) 20
NYHA class Il or IV 230 (58.1) 158 (59.2) 163 (57.4) 201 (69.3) 213 (64.2) 169 (68.1) 202 (68.0) 207 (69.5)  <.001
Atrial fibrillation 103 (26.0) 66 (24.7) 86 (30.3)  94(32.4) 109(32.8) 88(355)  75(25.3) 67 (22.5) 90

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
CHF, congestive heart failure; CV, cardiovascular (myocardial infarction or stroke or revascularization); EF, ejection fraction; eGFR, estimated glomerular filtration
rate; log ACR, natural logarithm of urinary albumin-creatinine ratio; NYHA, New York Heart Association; SBP, systolic blood pressure.

Conventional conversion factor: To convert creatinine values to milligrams per deciliter, divide by 88.4.

2Continuous variables are expressed as mean (SD) and categorical variables as number (percentage). The numbers of participants in each eighth are not equal

because many individuals had the same HbA. level at baseline.

bCochran-Armitage test for categorical variables and linear regression for continuous variables.

creased by 1.25-fold (95% CI, 1.20-1.31), 1.24-fold (95%
CI, 1.17-1.31), 1.25-fold (95% CI, 1.19-1.31),and 1.22-
fold (95% CI, 1.16-1.29), respectively, per 1% higher usual
HbAlc levels (P<<.001 for all). The significant relation-
ship between HbA, levels and events persisted after ad-
justment for known diabetes and after additional adjust-
ment for treatment allocation, LVEF, smoking, a variety
of other risk factors, and CV drugs at baseline (Table 2).
It was also evident both in the subgroup of patients with
known diabetes (with similar patterns before and after
adjustment for diabetes therapy [data not shown]) and
in the subgroup of patients without a history of diabetes
(Figure 2 and Figure 3). Indeed, there was evidence
of statistical heterogeneity with respect to diabetes sta-
tus and the relationship between HbA,, levels and both
CV death and total mortality after adjustment for age and
sex (P for heterogeneity=.02 and =.007, respectively) as
well as a number of other variables (P for heteroge-
neity=.04 and =.008, respectively), with a stronger re-
lationship observed in individuals without previous dia-
betes. Finally, the reduction of the primary composite
outcome by candesartan vs placebo was independent of
all of these variables, including the HbA,. level (hazard
ratio, 0.85; 95% CI, 0.74-0.97; P=.01).

B covent [

This analysis of HbA,. data collected during the CHARM
program shows that in individuals who have a diagnosis
of symptomatic chronic HF, the HbA,, level is strongly
associated with classic risk factors for CV events and is
itself a strong and independent risk factor for future CV
events and death. Figures 2 and 3 also show that this re-
lationship is as (or possibly more) relevant for individu-
als without diabetes as it is for individuals with a history
of diabetes. Therefore, in this population, for every 1%
increase in the level of HbA,,, the risk of CV events or
death increases by approximately 25%.

These findings extend those from previous analyses of
the link between HbA . levels and CV events that were con-
ducted in the general population'** and in patients with
newly diagnosed diabetes,* in patients with established dia-
betes,” and in patients with diabetes and other CV risk fac-
tors.!! They are also consistent with analyses of the link be-
tween fasting plasma glucose levels and CV events in
nondiabetic individuals with previous CV events'! and be-
tween fasting or postload glucose levels and CV events™®
in volunteers from the general population.
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Figure 1. The proportion of patients who developed the primary composite outcome (cardiovascular [CV] death or hospitalization for worsening heart failure [HF]),
CV death, HF, or death according to eighths of usual hemoglobin A;; (HbA) levels is shown (Pfor trend <.001). Error bars indicate 95% confidence intervals.

Table 2. Independent Effect of Hemoglobin A,; (HbA,;) Levels on Outcomes

Independent Effect of Usual HbA,. After Controlling
for Age, Sex, and . . .

Risk Per 1% Higher Usual HbA;; Levels, HR (95% Cl)2

Nothing else

Diabetes

EF

BMI

Log ACR

eGFR

Log ACR and eGFR

SBP

Smoking and drugs®

EF, BMI, log ACR, and SBP

EF, BMI, log ACR, SBP, and diabetes

Drug allocation to candesartan or placebo

Drug allocation to candesartan or placebo, smoking, and drugs®

EF, BMI, Log ACR, SBP, drug allocation to candesartan or
placebo, smoking, drugs, and diabetes

CV Death or

Worsening HF CV Death Worsened HF Death

1.25 (1.20-1.31) 1.24 (1.17-1.31) 1.25(1.19-1.31) 1.22 (1.16-1.29)
117 (1.11-1.24) 1.15 (1.06-1.24)P 1.16 (1.09-1.24) 1.17 (1.09-1.25)
1.24 (1.19-1.30) 1.23 (1.16-1.30) 1.25(1.19-1.31) 1.22 (1.16-1.28)
1.26 (1.21-1.31) 1.26 (1.19-1.33) 1.25 (1.19-1.31) 1.25 (1.18-1.31)
1.19 (1.13-1.24) 1.18 (1.11-1.26) 1.18 (1.12-1.24) 1.17 (1.11-1.24)
1.22 (1.17-1.27) 1.21 (1.14-1.28) 1.21 (1.15-1.27) 1.20 (1.14-1.26)
1.18 (1.12-1.23) 1.17 (1.10-1.25) 1.16 (1.10-1.22) 1.16 (1.09-1.23)
1.26 (1.21-1.32) 1.25(1.18-1.32) 1.26 (1.20-1.32) 1.24 (1.17-1.30)
1.28 (1.20-1.36) 1.27 (1.17-1.38) 1.27 (1.19-1.37) 1.24 (1.15-1.34)
1.17 (1.12-1.23) 1.18 (1.10-1.26) 1.15 (1.09-1.22) 1.17 (1.10-1.23)
1.14 (1.07-1.21) 1.13 (1.05-1.23) 1.12 (1.05-1.21) 1.14 (1.06-1.23)
1.25 (1.20-1.31) 1.23 (1.17-1.30) 1.25 (1.19-1.31) 1.22 (1.16-1.29)
1.24 (1.19-1.30) 1.22 (1.15-1.30) 1.24 (1.18-1.30) 1.21 (1.15-1.28)
1.14 (1.07-1.21) 1.13 (1.04-1.22) 1.13 (1.05-1.21) 1.14 (1.06-1.23)

Abbreviations: BMI, body mass index; Cl, confidence interval; GV, cardiovascular; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HF, heart failure;
HR, hazard ratio; log ACR, natural logarithm of urinary albumin-creatinine ratio; SBP, systolic blood pressure.

aAII values are statistically significant at P<.001.

b Drugs refers to angiotensin-converting enzyme inhibitors, diuretics, B-blockers, spironolactone, calcium channel blockers, and aspirin.

These data are limited by the fact that HbA,, levels were were measured centrally in 99.3% of all eligible partici-
only measured in North American CHARM participants. pants; (2) outcomes were prospectively collected and blindly
However, there is no reason to believe that a similar rela- adjudicated; and (3) there was a 99.6% follow-up rate by
tionship would not be found in the other participants or study end. These data are also limited by the determina-
in other similar populations. Moreover, (1) HbA,. levels tion of diabetes status on the basis of self-report and the
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Figure 2. The hazard ratios (HRs) (adjusted for age and sex) and 95% confidence intervals (Cls) of the primary composite outcome, cardiovascular (CV) death,
hospitalization for worsening heart failure (HF), or death (per 1% higher usual hemoglobin A;; [HbA;;] levels) are shown for all participants, for those with

diabetes, and for those with no history of diabetes.

Pfor
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All

Diabetes

No diabetes
CV Death

All

Diabetes

No diabetes
Worsening HF

All 11

Diabetes 11

No diabetes 1.2
Death

All

Diabetes

No diabetes

)
) 60
)
)
) 04
)

)
) 60
)

1.18 (1.11-1.25)
1.08 (0.99-1.17) 008
1.38 (1.18-1.62)

0.8

0.9

11 12 13 14 15 16 17 18
HR per 1% Higher Usual HbA, ; Level

1.0

Figure 3. The hazard ratios (HRs) (adjusted for age, sex, urinary albumin levels, ejection fraction, body mass index, drug allocation, smoking, and drug use) and
95% confidence intervals (Cls) of the primary composite outcome, cardiovascular death, hospitalization for worsening heart failure (HF), or death (per 1% higher
usual hemoglobin Ay, [HbA; ] levels) are shown for all participants, for those with diabetes, and for those with no history of diabetes.

lack of standardized testing to detect undiagnosed diabe-
tes. Therefore, the reported prevalence of diabetes and the
contribution of diabetes status to the risk of clinical out-
comes may have been underestimated.

Despite the above-mentioned limitations, the addition
of these findings to the growing body of evidence noted
above confirms the existence of an independent link be-
tween various indices of glycemia and CV outcomes in low-,
moderate-, and high-risk individuals. Reasons for this re-
lationship remain unclear. However, exposure of cells to
higher levels of glucose than are required to satisfy nor-
mal energy requirements leads to increased concentra-
tions of metabolites and activation of metabolic pathways
that have been linked to endothelial cell dysfunction and
atherosclerosis.”® These pathways include increased hex-
osamine pathway flux, activation of protein kinase C, pro-
duction of advanced glycation end products, and produc-
tion of reactive oxygen species by the mitochondria.
Alternatively, or in addition, the higher glucose levels are
a marker of insufficient insulin effect, and this insufficient

effect, or the underlying insulin resistance, may promote
atherosclerosis.®

Current proven therapies for HF focus on reducing
neurohumoral activation (eg, ACE inhibitors, angioten-
sin receptor blockade, aldosterone antagonists, and 3-
blockers) or increasing contractility (eg, digoxin). These
data suggest that it is worth exploring glucose lowering
as an additional method of reducing HF-related mortal-
ity and morbidity. Finally, they support but do not prove
the hypothesis that glucose lowering or the prevention
of an increase in glucose levels may reduce CV events.
This hypothesis is currently being tested in a number of
large international clinical trials.?*
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