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OBJECTIVE — Intensive therapy targeting normal blood glucose increased mortality compared with standard treatment in a randomized clinical trial of 10,251 participants with type 2
diabetes at high-risk for cardiovascular disease (CVD) events. We evaluated whether the presence of cardiac autonomic neuropathy (CAN) at baseline modified the effect of intensive compared with standard glycemia treatment on mortality outcomes in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial participants.
RESEARCH DESIGN AND METHODS — CAN was assessed by measures of heart rate
variability (HRV) and QT index (QTI) computed from 10-s resting electrocardiograms in 8,135
ACCORD trial participants with valid measurements (mean age 63.0 years, 40% women). Prespecified CAN definitions included a composite of the lowest quartile of HRV and highest QTI
quartile in the presence or absence of peripheral neuropathy. Outcomes were all-cause and CVD
mortality. Associations between CAN and mortality were evaluated by proportional hazards
analysis, adjusting for treatment group allocation, CVD history, and multiple prespecified baseline covariates.
RESULTS — During a mean 3.5 years follow-up, there were 329 deaths from all causes. In
fully adjusted analyses, participants with baseline CAN were 1.55–2.14 times as likely to die as
participants without CAN, depending on the CAN definition used (P ⬍ 0.02 for all). The effect
of allocation to the intensive group on all-cause and CVD mortality was similar in participants
with or without CAN at baseline (Pinteraction ⬎ 0.7).
CONCLUSIONS — Whereas CAN was associated with increased mortality in this high-risk
type 2 diabetes cohort, these analyses indicate that participants with CAN at baseline had similar
mortality outcomes from intensive compared with standard glycemia treatment in the ACCORD
cohort.
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t has been generally accepted that intensive glycemic control is paramount
for preventing development and progression of chronic diabetes complications (1,2). The recently reported
increased mortality associated with intensive control of hyperglycemia in the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial (3) has led to
controversy about implementation of intensive glucose control in patients with
type 2 diabetes.
There was a consistent effect on mortality from the intensive compared with
standard treatment in the prespecified
subgroup analyses (3). To date no adequate explanation for these findings of increased mortality with intensive glycemic
control has been identified.
Cardiac autonomic neuropathy
(CAN), which can be documented by abnormal heart rate variability (HRV), occurs commonly in patients with diabetes
and is associated with silent myocardial
ischemia (4) and increased mortality (5).
In addition, peripheral neuropathy is a
prevalent complication of diabetes, and
emerging evidence links excess mortality
in diabetes with the presence of diabetic
peripheral neuropathy (DPN) (6,7).
It is also possible that individuals
with baseline CAN may be more susceptible to mortality associated with hypoglycemia when glycemia therapy is
intensified because of impaired hormonal
and autonomic responses to subsequent
hypoglycemia (8,9). To further investigate possible contributors to the higher
mortality risk in the intensive glycemia
arm of the ACCORD trial, we examined
whether the presence of CAN at baseline
with or without DPN may have contributed to this outcome.
RESEARCH DESIGN AND
METHODS — The ACCORD trial design and patient population have been described elsewhere (10). In brief, 10,251
subjects with type 2 diabetes at high-risk
for cardiovascular disease (CVD) events
were enrolled in 77 clinical centers across
the U.S. and Canada and randomly ascare.diabetesjournals.org
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signed to receive either comprehensive
intensive glycemia therapy (INT) targeting a A1C level ⬍6% or to receive standard glycemia therapy (STD) targeting an
A1C level of 7–7.9%. The mean duration
of the trial was expected to be 5 years. The
INT arm of the study was discontinued
after ⬃3.5 years because of excess mortality in the INT group, and all participants
were transitioned to the STD protocol (3).
The ACCORD study and the consent
forms were approved by institutional review boards at all participating institutions. The trial was funded by the
National Institutes of Health. All participants provided written informed consent.
Baseline clinical and laboratory investigations were obtained in the morning after
an overnight fast as described (10).
Electrocardiogram-derived measures
of HRV
We used baseline standard 12-lead digitized electrocardiograms (ECGs), recorded over 10 consecutive seconds with
the patient resting supine after an overnight fast (GE MAC 1200 electrocardiograph system). The ECG recordings were
transferred by analog phone line to the
reading center and were analyzed and reviewed to determine their technical quality. Recordings that were missing (1,034)
or demonstrated poor quality (362) and
recordings from those with pacemakers
(65), atrial fibrillation (108), premature
beats/other arrhythmias (542), and atrioventricular conduction abnormalities (5)
were excluded from these analyses, leaving a cohort of 8,135 participants assessed
for HRV. The following time domain
markers of cardiac autonomic tone were
computed: heart rate and the SD of normally conducted R-R intervals (SDNN).
From simultaneous lead recordings, QT
intervals were measured, and the QT index (QTI) was calculated as observed/
predicted QT duration where predicted
value was based on Bazett’s correction
(QTc ⫽ QT/R ⫺ R1/2). Resting heart rate
reflects both overall autonomic function
and cardiorespiratory fitness (11), SDNN
represents joint sympathetic/parasympathetic modulation of heart rate in the time
domain (11,12), QT duration represents
the time between the onset of ventricular
activation and the end of repolarization, a
process controlled in part by sympathetic
input (13,14). Impaired HRV is an easily
measured sensitive marker of CAN that
may occur early in the course of diabetes
(15).
care.diabetesjournals.org

Definitions of CAN and DPN
CAN was defined by measures of HRV
and QTI. Lower HRV and higher resting
heart rate and QTI indicate poorer autonomic function (11). These measures are
a reliable estimate of CAN and are recommended for use in large population studies (12). DPN was documented by any
pedal amputation or a score ⬎2 on the
clinical examination portion of the Michigan Neuropathy Screening Instrument, a
validated tool for assessing DPN that evaluates abnormalities in foot appearance,
ankle reflexes, and vibration at the great
toe of both feet (16).
The following composite measures
were computed to document the presence
of CAN: 1) CAN1 defined as the lowest
quartile of SDNN (⬍7.815 ms) and the
highest quartile of QTI (⬎104.32%); 2)
CAN2 as the lowest quartile of SDNN and
the highest quartiles of QTI and resting
heart rate; and 3) CAN3 as the lowest
quartile of SDNN and the highest quartiles of QTI and heart rate, in the presence
of DPN. Our rationale for using these
composite prespecified definitions of
CAN was that combined abnormalities in
HRV and QT interval have demonstrated
stronger predictive value for mortality
than either abnormality alone in patients
with diabetes (13,14). The presence of
DPN was included in one of the composite measures because of prior evidence
linking excess mortality to the presence of
DPN (6,7).
Outcome measures
The outcomes were all-cause and CVD
mortality (adjudicated by a blinded panel
using predefined adjudication processes).
Death from CVD included deaths from
myocardial infarction, heart failure, arrhythmia, invasive cardiovascular interventions, cardiovascular causes after
noncardiovascular surgery, stroke, unexpected death presumed to be from ischemic CVD occurring within 24 h after the
onset of symptoms, and death from other
vascular diseases.
Statistical analysis
We hypothesized that the increased allcause and CVD mortality with INT observed in the ACCORD trial was due to a
higher risk of mortality with INT in the
subset of individuals with baseline CAN.
We also assessed whether CAN was related to mortality risk independent of glycemia treatment and compared the
strength of these relationships across the
prespecified definitions of CAN.

These analyses are based on data collected on participants at the time of randomization and all-cause and CVD
mortality data submitted to the coordinating center through 10 December 2007,
the cutoff date used by the Data and Safety
Monitoring Board to make its recommendation to stop intensive glycemia treatment. Baseline characteristics were
compared between excluded and included participants and between CANpositive and CAN-negative groups using
2 and two sample t tests. Analysis of allcause and CVD mortality was performed
with time-to-event methods according to
the intention-to-treat principle. Risk of
these outcomes was evaluated through
the use of hazard ratios (HR) and 95%
CIs. Two-sided P values were obtained
from Wald 2 tests derived from Cox proportional hazards regression analysis. For
both outcomes, we examined minimally
adjusted models stratified for treatment
allocation and history of CVD. We also fit
fully adjusted models containing treatment allocation, history of CVD, and the
following prespecified baseline covariates: age, sex, ethnicity, diabetes duration, A1C, BMI, systolic blood pressure
(SBP) and diastolic blood pressure (DBP),
LDL cholesterol, triglycerides, urinary
microalbumin-to-creatinine ratio, and
use of thiazolidinediones (TZDs), insulin,
␤-blockers, ACE inhibitors/angiotensin
receptor blockers, statins, alcohol, and
cigarettes. Participants with missing covariates (n ⫽ 235) were excluded from
fully adjusted analyses. Because results
were similar between models, only the
fully adjusted models are presented here.
We assessed the consistency of the effect
of glycemia treatment allocation on allcause and CVD mortality among prespecified subgroups using statistical tests
of interaction between treatment allocation and each subgroup within the Cox
model. Event rates are expressed as the
percentage of events per follow-up year,
taking into account censoring of follow-up data, with 95% Poisson CIs calculated using large sample methods. We
have also examined CAN effects after adding events of severe hypoglycemia requiring medical assistance to the Cox
regression models as a time-dependent
covariate.
RESULTS — For the current analyses,
we included 8,135 ACCORD trial participants with complete data, including 4,050
(79%) randomly assigned to the INT arm
and 4,085 (80%) to the STD arm (supple-
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7,563
61.9 ⫾ 6.7
39.1
36.1
33.7
10.7 ⫾ 7.6
8.3 ⫾ 1
32.2 ⫾ 5.4
136.1 ⫾ 17
74.9 ⫾ 10.5
41.8
89.5 ⫾ 358.6
105.2 ⫾ 33.8
191.3 ⫾ 151.4
33.6
19.6
28.2
52.7
62.1
1 ⫾ 2.9
13.7
43.8

No

P
0.05
⬍0.0001
0.04
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.01
0.04
0.01
⬍0.001
⬍0.01
0.44
⬍0.01
⬍0.0001
0.84
⬍0.01
0.78
0.68
0.53
0.32
0.61

Yes
572
62.5 ⫾ 6.7
49.7
31.8
41.8
12 ⫾ 8.2
8.5 ⫾ 1.2
32.8 ⫾ 5.4
137.6 ⫾ 17.3
76 ⫾ 10.9
49
135 ⫾ 343.1
104 ⫾ 34.4
208.5 ⫾ 166
46.7
19.2
33.2
53.3
62.9
1.1 ⫾ 4
15.2
42.7

CAN1

7,853
62 ⫾ 6.7
39.3
35.8
34.3
10.8 ⫾ 7.7
8.3 ⫾ 1
32.2 ⫾ 5.4
136.2 ⫾ 17
74.8 ⫾ 10.5
42
91.3 ⫾ 357.9
105 ⫾ 33.8
191.3 ⫾ 151.6
34.1
19.7
28.8
52.9
62.3
1⫾3
13.6
44

No
282
61.8 ⫾ 6.5
55
34.4
34
10.8 ⫾ 7.6
8.5 ⫾ 1.2
33.2 ⫾ 5.5
137.8 ⫾ 17
78.9 ⫾ 10.8
50
132.3 ⫾ 349
108.8 ⫾ 36.5
224.1 ⫾ 174.7
46.5
16
20.9
49.3
56.4
0.8 ⫾ 3.4
19.5
36.2

Yes

CAN2

0.66
⬍0.0001
0.62
0.93
0.88
⬍0.001
⬍0.01
0.13
⬍0.0001
⬍0.01
0.06
0.06
⬍0.001
⬍0.0001
0.12
⬍0.01
0.24
0.04
0.32
⬍0.01
⬍0.01

P
7,994
62 ⫾ 6.7
39.6
35.9
34.3
10.7 ⫾ 7.7
8.3 ⫾ 1.1
32.2 ⫾ 5.4
136.2 ⫾ 17
74.9 ⫾ 10.5
41.3
92 ⫾ 358.9
105 ⫾ 33.9
191.8 ⫾ 152.1
34.3
19.7
28.7
52.8
62.3
1⫾3
13.6
43.9

No
141
62.5 ⫾ 6.7
51.8
29.1
33.3
12.5 ⫾ 8
8.6 ⫾ 1.1
34.4 ⫾ 5.3
137.4 ⫾ 18.5
78.3 ⫾ 11.4
100
133.9 ⫾ 272.8
107.8 ⫾ 34.6
230.3 ⫾ 173.2
50.4
12.1
17.7
48.2
53.2
0.7 ⫾ 2.2
24.8
34

Yes

CAN3

0.33
⬍0.01
0.09
0.81
⬍0.01
⬍0.0001
⬍0.0001
0.42
⬍0.001
⬍0.0001
0.17
0.33
⬍0.01
⬍0.0001
0.02
⬍0.01
0.28
0.03
0.23
⬍0.001
0.02

P

Values shown are percentages for dichotomous variables and means (standard deviations) for continuous measures. HbA1c: hemoglobin A1c, BMI: body mass index, SBP: systolic blood pressure, DPB: diastolic blood
pressure, DPN: diabetic peripheral neuropathy diagnosed by any pedal amputation or score ⬎ 2 on the Michigan Neuropathy Screening Instrument, LDLc: low-density lipoprotein cholesterol, ACEIs: angiotensinconverting enzyme inhibitors, ARBs: angiotensin receptor blockers, TZD: thiazolidinediones. CAN1 was defined as the lowest quartile of SDNN and the highest quartile of QTI; CAN2 as the lowest quartile of SDNN,
the highest quartile of QTI and the highest quartile of heart rate; CAN3 as the lowest quartile of SDNN and the highest quartiles of QTI and heart rate in the presence of DPN.

n
Age (years)
Women
Minorities
Prior CVD
Diabetes duration (years)
A1C (%)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Peripheral neuropathy
Urinary albumin-to-creatinine ratio (mg/g)
LDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Insulin users
TZD users
␤-Blocker users
ACE inhibitor/ARB users
Statin users
Alcohol (drinks/week)
Current smokers
Former smokers

Characteristic

Table 1—Baseline characteristics in the analyzed cohort expressed as a function of CAN

Autonomic dysfunction in the ACCORD trial

mentary Fig. A1, available in an online appendix at http://care.diabetesjournals.org/
cgi/content/full/dc10-0125/DC1). The
main reason for missing data was failure
of the site to capture and transmit an electronic ECG record (n ⫽ 1,034). Other
reasons for exclusion, including arrhythmias (n ⫽ 542), were described in the
RESEARCH DESIGN AND METHODS.
The baseline characteristics of these
participants, comparing those with (included) and without (excluded) available
CAN measures are shown in supplementary Table A1 (available in an online appendix). This was a cohort with long
diabetes duration, elevated A1C levels,
and multiple associated CVD risk factors
as prespecified by the ACCORD trial design. Participants excluded from this analysis due to inadequate ECG data were
older (P ⬍ 0.0001), were more likely to
have had a previous cardiovascular event
(P ⫽ 0.0002), and had a longer diabetes
duration (P ⫽ 0.045). Sex, triglyceride
levels, and ␤-blocker use also showed
significant differences (supplementary
Table A1).
Participants with CAN at baseline
(Table 1) consistently had higher A1C,
BMI, DBP, and triglycerides (P ⱕ 0.01 in
all cases) and were more likely to use insulin and to be female (P ⬍ 0.01 for all
three definitions of CAN) than those
without CAN. Minority status, prior
CVD, diabetes duration, SBP, urinary albumin-to-creatinine ratio, smoking history, and TZD, statin, and ␤-blocker use
showed inconsistent differences across
the three definitions of CAN.

Association between CAN and
mortality
During a mean follow-up of 3.5 years,
there were 329 deaths from all causes in
this sample of 8,351 participants. In unadjusted analyses, there was a significant
increase in all-cause mortality (HR 1.61
[1.14 –2.27], P ⫽ 0.007 for CAN1, 2.22
[1.45–3.39], P ⫽ 0.0002 for CAN2, and
2.72 [1.56 – 4.74], P ⫽ 0.0004 for CAN3)
(Fig. A2, available in an online appendix)
and in CVD mortality (1.93 [1.22–3.07],
P ⫽ 0.005 for CAN1, 2.55 [1.41– 4.60,
P ⫽ 0.002 for CAN2, and 3.39 [1.59 –
7.26], P ⫽ 0.0002 for CAN3) compared
with those without CAN.
Table 2 shows fully adjusted HRs
(95% CI) for all-cause and CVD mortality
for participants with CAN1, CAN2, and
CAN3 compared with participants without CAN. All-cause mortality remained
significantly higher in participants with
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Table 2—HR (95% CI) for all-cause and CVD mortality in participants with CAN compared
with participants without CAN
All-cause mortality*
Measure
CAN1
CAN2
CAN3

HR (95% CI):
CAN⫹/CAN⫺
1.55 (1.09–2.21)
2.14 (1.37–3.37)
2.07 (1.14–3.76)

CVD mortality*
P

HR (95% CI):
CAN⫹/CAN⫺

P

0.016
0.0009
0.02

1.94 (1.20–3.12)
2.62 (1.40–4.91)
2.95 (1.33–6.53)

0.007
0.003
0.008

*Adjusted for treatment allocation, CVD history, and other prespecified covariates including baseline age,
sex, ethnicity, diabetes duration, A1C, BMI, SBP and DBP, LDL cholesterol, triglycerides, microalbumin-tocreatinine ratio, and use of TZDs, insulin, ␤-blockers, ACE inhibitors/angiotensin-receptor blockers, statins,
alcohol, and cigarettes.

CAN after adjustment for treatment arm
allocation, CVD history, and all other covariates listed in RESEARCH DESIGN AND METHODS (1.55 [1.09 –2.21], P ⫽ 0.016 for
CAN1, 2.14 [1.37–3.37], P ⫽ 0.0009 for
CAN2, and 2.07 [1.14 –3.76], P ⫽ 0.02
for CAN3). Similar results were observed
for CVD mortality (1.94 [1.20 –3.12], P ⫽
0.007 for CAN1, 2.62 [1.4 – 4.91], P ⫽
0.003 for CAN2, and 2.95 [1.33– 6.53],
P ⫽ 0.008 for CAN3) (Table 2).
Effects of glycemia treatment and
CAN on mortality
After adjustment for covariates, the overall HR for all-cause mortality for INT versus STD arm in the 8,135 participants
analyzed herein was 1.17(95% CI 0.94 –
1.46, P ⫽ 0.17). The HR for mortality in
the INT versus STD arm for participants
with missing ECG data (1.25 [0.88 –
1.78]) was not significantly different from
that of participants included in this analysis (Pinteraction ⫽ 0.77), although participants with missing ECG data were more
likely to die (1.72 vs. 1.15% per year for
included participants) regardless of glycemia treatment group.
Figure 1A shows the event rate for allcause mortality by treatment group, INT
versus STD, as a function of CAN in the
analyzed cohort, using the three prespecified CAN definitions. After adjustment for
all covariates, there was no significant difference in all-cause mortality among any of
the subgroups defined by the presence of
CAN1, CAN2, and CAN3 (Pheterogeneity ⬎
0.7 for all).
The overall HR for CVD mortality
(INT versus STD) in the subgroup of individuals analyzed herein was 1.30 (95%
CI 0.93–1.82). As with all-cause mortality, in fully adjusted analyses, the HR for
the treatment difference in CVD mortality
was not affected significantly by CAN status for any of the definitions examined
care.diabetesjournals.org

(Fig. 1B). We have also adjusted for the
presence of severe hypoglycemia during
the trial in the individuals with baseline
CAN. The lack of a significant effect of
CAN on all-cause mortality in the INT
arm compared with the STD arm persisted after controlling for the presence
of severe hypoglycemia in the model
(Pinteraction ⬎ 0.25 for all three definitions of CAN).
CONCLUSIONS — These data confirm in one of the largest and most carefully characterized cohorts of patients
with type 2 diabetes that the presence of
CAN strongly predicts all-cause and CVD
mortality independently of baseline CVD,
diabetes duration, and multiple other important CVD risk factors. However, the
increased risk of either all-cause or CVD
mortality in individuals with CAN compared with those without CAN at baseline
was similar in the INT versus the STD
glycemia treatment group. These findings
add substantial epidemiological evidence
regarding the prognostic importance of
CAN.
CAN is frequently observed in patients with diabetes. Associations between measures of CAN and mortality,
including sudden death, have been described previously (5,17,18). In a recent
large meta-analysis, Maser et al. (5) reported that the presence of CAN was associated with a greater than threefold
increase in mortality and sudden death.
Silent ischemic heart disease or cardiac
arrhythmias have both been invoked as
contributors to sudden death. In the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study of 1,123 patients
with type 2 diabetes, CAN was a strong
predictor of silent ischemia and subsequent cardiovascular events (4).
Because CAN is associated with multiple factors including duration of diabe-

tes, severity of hyperglycemia, and the
presence of coronary artery disease, the
exact contribution of CAN to the increased mortality risk has been difficult to
quantify in prior studies. The present
analysis in the ACCORD cohort provided
a unique opportunity to evaluate and confirm the independent effect of CAN on
all-cause and CVD mortality.
Study strengths were the large sample
size of high-risk participants analyzed,
the balanced sex randomization, diverse
ethnic participation, high rate of followup, and rigorous CVD end point adjudication procedures. These data document
that the presence of CAN strongly predicts all-cause and CVD mortality independently of multiple important CVD
risk factors in this high-risk cohort with
type 2 diabetes. These observations suggest that documenting CAN in individuals with type 2 diabetes identifies a subset
at higher risk for CVD events and that
CAN may explain at least in part the increased risk of CVD events observed in
type 2 diabetes. Furthermore, these data
indicate that CAN should be considered
in models of CVD and mortality risk in
type 2 diabetes cohorts.
Although clinical symptoms of autonomic dysfunction usually occur late in
the course of diabetes, subclinical CAN,
manifested as impaired HRV, may be detected within 1 year of diagnosis in type 2
diabetes and within 2 years of diagnosis in
type 1 diabetes (15). Traditionally, the diagnosis of CAN involves a number of
tests, including the R-R response to deep
breathing, postural changes and during
Valsalva maneuver, or 24-h ECG recordings, which may be cumbersome to perform uniformly, especially in large
multicenter trials such as ACCORD. This
study demonstrates that using a combination of HRV and QTI measurements derived from a standard 10-s ECG can
identify subsets of patients at increased
mortality risk independently of traditional CVD risk factors. HRV and QT abnormalities have different origins, as
reflected by a weak correlation between
the two parameters demonstrated by this
study (data not shown) and by others
(13). Decreased HRV is an early marker of
cardiovascular parasympathetic dysfunction. The QT interval abnormalities have a
different pathophysiological background,
representing the consequences of sympathetic tone on cardiac depolarization and
repolarization (13). The ACCORD findings in type 2 diabetes are in line with
another recent report in patients with
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Figure 1—A: Effects of CAN and glycemia intervention on all-cause mortality: HRs adjusted for treatment allocation and baseline age, sex, ethnicity,
diabetes duration, A1C, BMI, SBP and DBP, LDL cholesterol, triglycerides, microalbumin-to-creatinine ratio, CVD history, and use of TZDs, insulin,
␤-blockers, ACE inhibitors/angiotensin receptor blockers, statins, alcohol, and cigarettes. B: Effects of CAN and glycemia intervention on CVD mortality:
HRs adjusted for treatment allocation and baseline age, sex, ethnicity, diabetes duration, A1C, BMI, SBP and DBP, LDL cholesterol, triglycerides,
microalbumin-to-creatinine ratio, CVD history, and use of TZDs, insulin, ACE inhibitors/angiotensin-receptor blockers, ␤-blockers, statins, alcohol, and
cigarettes. CAN1 was defined as the lowest quartile of SDNN, and the highest quartile of QTI, CAN2 as the lowest quartile of SDNN, the highest quartile
of QTI, and the highest quartile of heart rate, and CAN3 as the lowest quartile of SDNN and the highest quartiles of QTI and heart rate in the presence of
DPN.
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type 1 diabetes showing an increased
mortality risk with combined abnormalities in HRV and QT interval (13). This
finding has important implications because these measures obtained from a
standard ECG can be used as a noninvasive and objective method for assessing
CAN in other large trials as well as in clinical practice.
Despite the significant increase in the
mortality risk in all subgroups of participants with CAN, we did not find that the
presence of CAN at baseline contributed
significantly to the increased mortality
observed with the intensive versus standard treatment of glycemia in this cohort.
This finding may have practical implications for diabetes care. Control of blood
glucose is a cornerstone of diabetes management because more intensive glycemic
control decreases the incidence and progression of diabetic microvascular (1,2)
and, in some studies, macrovascular complications (19). The reported excess mortality in the intensive arm of the ACCORD
trial (3) has led to controversy about implementation of intensive glucose control
in patients with type 2 diabetes although
two other major trials, Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) and Veterans Affairs
Diabetes Trial (VADT), reported no increase in mortality with intensive treatment compared with standard treatment
in type 2 diabetes (20,21). Furthermore,
the long-term follow-up of the UKPDS cohort reported risk reductions for myocardial infarction and death from any cause
associated with intensive glucose control
(22).
One of the most feared consequences
of rigorous glycemic control is an increased incidence of hypoglycemia (1,2).
Prior and more recent reports have shown
strong associations between hypoglycemia and increased mortality (23,24). Hypoglycemia can impair hormonal and
autonomic responses to subsequent hypoglycemia (8), and hypoglycemia may
promote a reduced threshold for malignant arrhythmias and subsequent sudden
cardiac death. Likewise, a recent study reported that exposure to hypoglycemia
leads to impaired cardiovascular autonomic function in healthy volunteers (9).
In the ACCORD trial, even though participants with severe hypoglycemia were at
higher risk of death, this risk was not explained by CAN; after adjusting for the
effects of postrandomization hypoglycemia, we could not document that CAN
care.diabetesjournals.org

was an independent determinant of the
higher mortality associated with intensive
glycemia treatment. Therefore, our data
imply that type 2 diabetic patients with
CAN are not necessarily at increased risk
with intensive versus standard glucose
management.
There are several limitations to our
analysis. HRV measures were limited by
the short duration of the standard ECG
recordings and by the absence of control
for respiration. The prevalence of CAN
may be higher in the excluded subset because of their older age, longer diabetes
duration, and higher prevalence of CVD.
Although the large sample of participants
analyzed and their uniform characterization probably provides a reasonable estimate of CAN prevalence, it is possible that
we underestimated the true effect of CAN
on mortality in this cohort. There was
limited statistical power to detect an interaction between subgroups defined by
the presence or absence of CAN because
the study was not designed for this purpose. There remains a theoretical possibility that CAN was worsened by
intensive treatment during the trial and
did account for the increased mortality
with intensive treatment. We believe that
this possibility is unlikely, considering
that recent evidence showed a beneficial
effect of intensive glucose treatment on
CAN in type 1 diabetes (25).
Last, because the ACCORD trial was
not designed to ascertain interactions between CAN and a rapid lowering of A1C
or/and hypoglycemia and considering the
post hoc nature of our analysis, we cannot
draw more specific conclusions regarding
the precise mechanisms involved by
which CAN increases mortality. Incomplete understanding of the role of CAN in
the pathogenesis of CVD and the precise
mechanisms underlying its associations
with mortality are areas deserving further
research.
In summary, although CAN was associated with increased all-cause and CVD
mortality in the ACCORD trial, these
analyses indicate that among the subset
with CAN, assignment to intensive compared with standard glycemia treatment
was associated with similar mortality outcomes. Considering the vast array of variables that could have contributed to the
increased mortality in the INT arm, it will
be difficult and perhaps impossible to sort
out the true determinants of this outcome. However, the presence of CAN, defined by simple, easily derived resting
ECG measures, identified a subset of type

2 diabetic patients at higher all-cause and
CVD mortality risk independent of multiple traditional CVD risk factors.
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