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OBJECTIVE

The effects of preventive interventions on cardiovascular autonomic neuropathy
(CAN) remain unclear. We examined the effect of intensively treating traditional risk
factors for CAN, including hyperglycemia, hypertension, and dyslipidemia, in
individuals with type 2 diabetes (T2D) and high cardiovascular risk participating in
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial.

RESEARCH DESIGN AND METHODS

CAN was defined as heart rate variability indices below the fifth percentile of the
normal distribution. Of 10,251 ACCORD participants, 71% (n 5 7,275) had a CAN
evaluation at study entry and at least once after randomization. The effects of
intensive interventions on CAN were analyzed among these subjects through
generalized linear mixed models.

RESULTS

As comparedwith standard intervention, intensive glucose treatment reduced CAN
risk by 16% (odds ratio [OR] 0.84, 95% CI 0.75–0.94, P5 0.003)dan effect driven by
individuals without cardiovascular disease (CVD) at baseline (OR 0.73, 95% CI 0.63–
0.85, P < 0.0001) rather than those with CVD (OR 1.10, 95% CI 0.91–1.34, P5 0.34)
(Pinteraction5 0.001). Intensive blood pressure (BP) intervention decreased CAN risk
by 25% (OR 0.75, 95% CI 0.63–0.89, P5 0.001), especially in patients ‡65 years old
(OR0.66, 95%CI 0.49–0.88,P50.005) (Pinteraction50.05). Fenofibratedidnothavea
significant effect on CAN (OR 0.91, 95% CI 0.78–1.07, P 5 0.26).

CONCLUSIONS

These data confirm a beneficial effect of intensive glycemic therapy and demon-
strate, for the first time, a similar benefit of intensive BP control on CAN in T2D. A
negative CVD history identifies T2D patients who especially benefit from intensive
glycemic control for CAN prevention.

Cardiovascular autonomic neuropathy (CAN) is a common and severe complication of
diabetes that independently predicts cardiovascular disease (CVD) morbidity and
mortality among people with this condition (1,2). Defined as the impairment of
autonomic control of the cardiovascular system (1), CAN prevalence rates vary based
on the populations studied as well as disease duration and burden, with rates as high
as 50–90% among people with long-standing diabetes (1). In addition, evidence of
various degrees of cardiovascular autonomic dysfunction has been described in
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several cohorts of patients with predia-
betes/metabolic syndrome (3–5) and in
youth (6). At its initial stages, CAN is
asymptomatic and thus easily overlooked,
as changes in heart rate variability (HRV)
may be the only findings (1). At more
advanced stages, CAN manifests itself as
resting tachycardia, exercise intolerance,
orthostatic hypotension, syncope, and si-
lent myocardial infarction and ischemia
(1). Electrocardiogram (ECG)-derived in-
dices of HRV are commonly used for an
early diagnosis of CAN, as indicators of the
underlying pathogenesis of CAN (4,7).
These indicesofHRV reflect the imbalance
between cardiac parasympathetic and
sympathetic tone and have important
prognostic implications (4,7,8).
Known risk factors for CAN include

duration of diabetes, degree of hyper-
glycemia, obesity, dyslipidemia, hyper-
tension, and smoking (9). The Steno-2
(Intensified Multifactorial Intervention
in Patients With Type 2 Diabetes and
Microalbuminuria) trial demonstrated a
63% reduction in the rate of progression
to CAN in individuals with type 2 diabetes
(T2D) via intensive multifactorial inter-
ventions targetinghyperglycemia, hyper-
tension, dyslipidemia, and lifestyle (10).
On this basis, current clinical practice
guidelines recommend a multifactorial
approach to prevent CAN including all of
the above interventions (1). However,
these treatments have evolved since
Steno-2 as more recent trials of glucose,
blood pressure (BP), and lipid control have
used more stringent targets (11–13).
Moreover, the individual effects of any
of these interventions on CAN in patients
with T2D have not been systematically
evaluated,as themajorityofthepriortrials
did not measure or analyze CAN (1).
The Action to Control Cardiovascular

Risk in Diabetes (ACCORD) trial investi-
gated the effects of intensive glycemic,
BP, and lipid interventions onCVDevents
in participants with T2D and high cardio-
vascular risk (14). The trial had a factorial
design allowing the examination of each
intervention independent from the other
two. After 3.5 years of follow-up, ACCORD
reported a beneficial effect of an intensive
glucose-lowering strategy onnonfatal car-
diovascular events, but this was accom-
panied by a paradoxical increase in
mortality (15). The presence of CAN at
baselinewas associatedwith a 1.5- to 2.1-
fold increase inmortality depending on its
severity (16). This finding did not explain

the excess mortality in the intensive gly-
cemic treatment arm but established CAN
as an independent predictor of mortality
in T2D.

The goal of this study was to assess
the effects of the glycemia, BP, and lipid
interventions on CAN during ACCORD.

RESEARCH DESIGN AND METHODS

ACCORD
The study design of ACCORD has pre-
viously been described (14). Briefly, the
trial aimed to investigate whether car-
diovascular event rates could be reduced
by intensive targeting of three impor-
tant CVD risks: hyperglycemia, hyperten-
sion, and dyslipidemia. For this purpose,
10,251 ACCORD participants with T2D
and high cardiovascular risk were ran-
domized in a1:1 ratio to receive intensive
(targeting HbA1c ,6.0% [42 mmol/mol])
or standard (targetingHbA1c 7–7.9% [53–
64 mmol/mol]) glycemia-lowering ther-
apy at 77 clinical sites across the U.S. and
Canada (14). With application of a 2 3
2 factorial design, 4,733 participants
were also randomly assigned to inten-
sive BP therapy (targeting systolic BP
[SBP] ,120 mmHg) or standard therapy
(targeting SBP ,140 mmHg), and 5,518
participants who were being treated with
open-label simvastatin were randomly as-
signed to either masked fenofibrate or
placebo. Recruitment and randomization
occurred in two phases: 1,174 participants
from January 2001 to June 2001, ACCORD
Vanguard Phase, and 9,077 participants
from February 2003 to October 2005,
ACCORD main study phase. Due to the
higher mortality in the intensive glycemic
arm adjudicated during the study, partic-
ipants in the intensive glycemic arm were
switched to the standard glycemic arm
after amean treatment period of 3.7 years
(calendar time 5 February 2008). ACCORD
BP and ACCORD Lipid subtrials weremain-
tained as prespecified until the planned
end of the trial, i.e., for an additional
17 months. ACCORD ended in June 2009.
The primary outcome of ACCORD was
adjudicated as the first occurrence of a
major cardiovascular event, which was
defined as the composite of nonfatalmyo-
cardial infarction, nonfatal stroke, or car-
diovascular death (14). Other outcomes
included microvascular complications, hy-
poglycemia, cognitive dysfunction, and
quality of life. Data on these clinical out-
comes were continuously collected and

adjudicated as per prespecified algo-
rithms throughout the study.

The trial was conducted in accordance
with the Declaration of Helsinki, the In-
ternational Ethical Guidelines for Health-
Related Research Involving Humans of the
Council for International Organizations of
Medical Sciences in collaborationwith the
World Health Organization, and the Good
Clinical Practice guidelines of the Interna-
tional Conference on Harmonization. The
protocolwas reviewedandapprovedbyall
local institutional review boards, and all
participants provided written informed
consent.

Evaluation and Outcome Definition of
CAN
Measures of CAN were derived from
12-lead digitized ECGs, recorded over
10 consecutive seconds with the patient
resting supine after an overnight fast as
previously described (16). ECG tracings
were obtained at baseline, every 2 years,
and at the last trial visit. If ECGs were
acquired at all of these time points, par-
ticipants from the ACCORD Vanguard Phase
had amaximumoffive visitswith CANdata
(baseline and 2, 4, 6, and 7 years after
randomization), whereas participants from
the ACCORDmain study phase had a max-
imumof four visits with CANdata (baseline
and 2, 4, and 5 years after randomization).
Digitalization, quality control, and inclu-
sion/exclusion criteria of ECG in ACCORD
have previously been reported (16).

In the report by the ACCORD Study
Group on CAN as predictor of mortality,
CAN was defined as the combination of 1)
an SDof all normal-to-normal R-Rs (SDNN)
in the lowest quartile and 2) a QT index in
the highest quartile of the ACCORD pop-
ulation (SDNN ,7.815 ms and QT in-
dex .104.32%) (16), given the different
scope of those analyses. However, since
the Multi-Ethnic Study of Atherosclerosis
(MESA) recently publishednewcutoff data
for indices of HRV derived from a large
sample of healthy participants (17), CAN
was defined in the present analyses as
SDNN and root mean square of successive
differences between normal-to-normal
R-Rs (rMSSD) both being below the fifth
percentile of the general population
distributions, i.e., SDNN ,8.2 ms and
rMSSD ,8.0 ms.

Statistical Analysis
All statistical analyses were conducted in
SAS, version 9.4 (SAS Institute, Cary, NC).
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An intention-to-treat approach was
applied.
For descriptive purposes, normally

distributed continuous variables are pre-
sented as means 6 SD and analyzed by
independent t tests for difference in
means between groups. Non–normally
distributed continuous variables are pre-
sented as medians and interquartile
ranges (IQRs) and analyzed by t tests
after log transformation. Categorical var-
iables are presented as counts (percen-
tages) and analyzed by x2 tests to
examine differences among groups.
The effect of treatments on CAN prev-

alence during follow-up was analyzed by
means of generalized linear mixed mod-
els with a binary response distribution
and logit link function using the PROC
GLIMMIX procedure of SAS. For this
analysis, we defined CAN as present
(1) or absent (0) at each timepoint during
follow-up based on the corresponding
CAN assessment, including subject iden-
tifier as a random effect to account for
the repeated CAN observations within
each subject.Wefitted twobasicmodels:
one (minimally adjusted model) that in-
cluded only a linear time effect, CVD
history, baseline CAN status, clinical cen-
ter network, and treatment assignments
as independent variables and another
(fully adjusted model) that also con-
trolled for baseline covariates, namely,
age, sex, race, diabetes duration, HbA1c,
BMI, height, alcohol, cigarettes, SBP
and DBP, LDL cholesterol, triglycerides,
HDL cholesterol, urinary albumin-to-
creatinine ratio (UACR), and use of
thiazolidinediones, insulin, b-blockers,
ACE inhibitors (ACEI)/angiotensin II re-
ceptor blocker (ARB), and statins. For
both minimally and fully adjusted mod-
els, we included four indicator variables
to reflect treatment assignments: one
reflecting randomization to intensive
versus standard glycemia, another rep-
resenting allocation to the ACCORD BP
versus ACCORD Lipid subtrials, a third
reflecting randomization to intensive or
standard BP goals (and set to 0 for
ACCORD Lipid participants), and a fourth
reflecting randomization to fenofibrate
or placebo in ACCORD Lipid (and set to
0 for ACCORD BP participants). The ef-
fects of treatments were expressed as
odds ratios (ORs) representing the odds
of being positive for CAN during the
postrandomization period among partic-
ipants in the intensive treatment arms as

compared with the odds among partic-
ipants in the standard treatment groups.
The possible influence of the concomitant
useofb-blockers andACEI/ARB, aswell as
the development of CVD during the trial,
was evaluated by further adjustment for
the generalized linear mixed model for a
time-dependent index of b-blocker and
ACEI/ARBuse andCVDevents. Finally, the
effect of death as a competing risk was
evaluated through sensitivity analyses
estimating the proportion of deaths in
the intensive glycemic arm that had to be
due to CAN for the effect of intensive
glycemic intervention to lose significance
in a competing risk analysis. Logistic re-
gression models including these same
covariates as in the mixed models were
used to compare CAN prevalence be-
tween intervention arms at each visit.

The effects of ACCORD interventions
on SDNN and rMSSD considered as con-
tinuous outcomes were investigated by
meansof linearmixed regressionmodels,
with application of unstructured covari-
ance and random effects of patients and
inclusion of the same covariates used for
the analysis of the dichotomous CAN
outcome, with baseline CAN status being
replaced by baseline SDNN or rMSSD.

To test for heterogeneity in the effect
of glycemic control, we conducted strat-
ifiedanalysesusing the clinical subgroups
prespecified by ACCORD investigators to
examine the effects of interventions on
cardiovascular outcomes (14). The signif-
icance of differences in effect between
clinical subgroups was evaluated by ad-
ditionof appropriate interaction terms to
the mixed models. The interaction be-
tween intensive glycemic intervention
and the other two interventions inves-
tigated in the trial (BP control and dysli-
pidemia management) was similarly
evaluated.

Data and Resource Availability
The ACCORD database is available upon
request from the National Heart, Lung,
and Blood Institute Biologic Specimen
and Data Repository (https://biolincc
.nhlbi.nih.gov/studies/accord/).

RESULTS

Study Cohort
This post hoc analysis of ACCORD in-
cluded 7,275 ACCORD participants
(71% of the total) with valid CAN data
at study entry and at least once in the
postrandomization period (Fig. 1). As

compared with the rest of the ACCORD
cohort, the participants included in this
study were slightly younger and had
slightly shorter duration of diabetes,
and the group included a higher pro-
portion of women. They also had slightly
higher total cholesterol, triglycerides,
estimated glomerular filtration rate,
and diastolic BP [DBP]) and lower prev-
alence of self-reported retinopathy and
CVD history, as well as lower UACR, and
were less likely to use insulin or smoke
(Supplementary Table 1). Among the
participants included in the study,
there were no significant differences
between treatment arms in the number
of CAN evaluations during follow-up (Sup-
plementary Table 2).

Effect of Intensive Versus Standard
Glycemia Intervention on CAN
Of the 7,275 participants included in this
study, 3,596 were assigned to the in-
tensive and 3,679 to the standard arm of
the glycemia trial (Fig. 1). As shown in
Table 1, baseline characteristics were
balanced between the two treatment
groups, except for the intensive glycemia
group including more current smokers
and fewer insulin users. The median
HbA1c at baseline was 8.1% in both
groups. In the standard glycemia group,
themedianHbA1cdecreased to7.5%(IQR
7.0–8.2) during treatment. In the inten-
sive glycemia group, HbA1c decreased to
6.4% (IQR 6.2–7.2), remained at this level
until the intensive glycemia strategy was
discontinued after amedian follow-up of
47 months (IQR 36–56) (Supplementary
Fig. 1), and then progressively rose to
7.2% (IQR 6.6–7.9) at the final visit.

The prevalence of CAN at study entry
was similar in the two treatment arms
(19.9% in the intensive arm vs. 19.0% in
the standard arm, P 5 0.30). However,
in the postrandomization period, the
odds of CAN were on average lower in
the intensive than in the standard arm
(OR 0.84, 95% CI 0.75–0.94, P 5 0.003)
(Fig. 2). The largest differences between
treatments were observed at 4 years (OR
0.80, 95% CI 0.70–0.91, P5 0.0009) and
6 years (OR 0.78, 95% CI 0.63–0.97, P 5
0.03) (Supplementary Fig. 2). A similar
difference in CAN prevalence was found
between treatment arms in an analysis
limited to the time interval between ran-
domization and transition from intensive
to standard glycemia targets (OR 0.87, 95%
CI0.76–1.00,P50.05) (Fig. 2). Consistent
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with these findings, SDNN and rMSSD,
analyzed as continuous variables, were
higher in the intensive than in thestandard
glycemic arm, although statistical signifi-
cance was reached only for rMSSD
(Supplementary Fig. 3).
The protective effect of the intensive

glycemia intervention on CAN was not
affected by adjustment for the known
baseline CAN predictors described in
RESEARCH DESIGN AND METHODS (OR 0.83,
95% CI 0.74–0.93, P 5 0.002, in the
analysis until the end of the trial, and
OR 0.85, 95% CI 0.72–0.99, P 5 0.04, in
the analysis until transition to standard
treatment) (Fig. 2), for the concomitant
use ofb-blockers or ACEI/ARB during the
trial (OR 0.82, 95% CI 0.73–0.93, P 5
0.001, until the end of trial, and OR 0.86,
95% CI 0.75–0.99, P 5 0.04, until tran-
sition to standard treatment), or for the
occurrence of CVD events (Supplemen-
tary Table 3). This effect remained robust
in sensitivity analyses assessing the po-
tential impact of death as a competing
risk. Of 8,148 participants who had CAN
evaluated at baseline, 511 died: 237 be-
fore they could be evaluated for CAN
during follow-up and 274 after CAN had
been evaluated at least once. The ob-
served effect of the intensive glycemia
intervention lost significance in the com-
peting risk analysis only if CAN was
assumed to be the cause of .30% of
deaths in the intensive arm and of none

of thedeaths in thestandardarmdavery
unlikely occurrence.

In subgroup analyses based on the
stratifying variables prespecified for
the ACCORD primary outcome (Fig. 3A),
the protective effect of the intensive
glycemia intervention on CAN was found
among participants without a history of
CVD events at study entry (OR 0.73, 95%
CI 0.63–0.85,P,0.0001), but not among
those with a positive CVD history (OR
1.10, 95% CI 0.91–1.34, P 5 0.33), re-
sulting in a significant interaction be-
tween the two exposures (P 5 0.001).
No other stratifying variable displayed a
positive or negative interaction with in-
tensive glycemic intervention.

Effect of Intensive Versus Standard BP
Intervention on CAN
Of the 7,275 participants included in this
analysis, 3,340 were also enrolled in the
ACCORD BP subtrial: 1,655 of them as-
signed to receive intensive BP control
and 1,685 assigned to receive standard
BP control (Fig. 1). Baseline character-
istics were balanced between the two
treatment groups (Table 1). The mean
SBP and DBP at baseline were 138.9 and
76.0mmHg in the intensive BP treatment
group and 138.8 and 75.9 mmHg in the
standard BP treatment group, respec-
tively. During the trial, SBP and DBP
decreased to average values of 120.9
and 65.0 mmHg in the intensive treatment

group as compared with average val-
ues of 133.7 and 70.2 mmHg in the
standard treatment group (P , 0.0001
for both SBP and DBP).

The prevalence of CAN at study entry
was 18.4% in the intensive BP arm and
18.9% in the standard arm (P 5 0.71).
During the entire trial, incidence of
CAN was lower in the intensive than
in the standard BP arm (OR 0.75, 95%
CI 0.63–0.89, P 5 0.001) (Fig. 2 and
Supplementary Fig. 2B). The largest dif-
ference between treatment arms was
observed at 2 years (OR 0.76, 95% CI
0.63–0.92, P 5 0.005). Adjustment for
the time-dependent occurrence of car-
diovascular events during follow-up did
not change the magnitude of this effect
(Supplementary Table 3). When HRV in-
dices were analyzed as continuous var-
iables, intensive BP control significantly
increased rMSSD by 6% and non-
significantly increased SDNN by 3%
(Supplementary Fig. 3). These effects
were similar in the fully adjusted model.
The effect of the BP intervention on CAN
was especially visible among participants
with age $65 years (OR 0.66, 95% CI
0.49–0.88, P 5 0.005, P for BP interven-
tion by age interaction 5 0.05) (Fig. 3).

Effect of FenofibrateVersusPlaceboon
CAN
Of the 7,275 participants included in this
analysis, 3,935 were also enrolled in the

Figure1—Flowdiagramof thestudypopulation included in theanalysis. IntensiveandstandardglycemicandBPrefer to intensiveandstandardglycemic
and BP interventions.
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ACCORD Lipid subtrial: 1,988 were as-
signed to receive fenofibrate and 1,947
to receive placebo in addition to statins

to control dyslipidemia (Fig. 1). The two
treatment groups had similar baseline
characteristics (Table 1). The mean LDL

cholesterol dropped from 100.2 mg/dL
to 82.3 mg/dL in the fenofibrate group
and from 101.2 mg/dL to 80.1 mg/dL in

Figure 2—Effects of interventions in ACCORD on CAN. The primary model was adjusted by fixed effects including trial assignments, seven clinical
center networks, time after randomization, prior CVD events, and baseline CAN status. The full model was adjusted by additional baseline
characteristics as fixed effects, namely, age, sex, diabetes duration, HbA1c, BMI, height, alcohol, cigarettes, SBP and DBP, LDL cholesterol,
triglycerides, HDL cholesterol, UACR, and use of thiazolidinediones, insulin, b-blockers, ACEIs/ARB, and statins. Both models included participants
as random effects.

Table 1—Baseline characteristics by ACCORD trial assignment groups

Glycemia trial‡ ACCORD BP‡ ACCORD Lipid‡

Intensive Standard
P

Intensive Standard
P

Fenofibrate Placebo
P(N 5 3,596) (N 5 3,679) (N 5 1,655) (N 5 1,685) (N 5 1,988) (N 5 1,947)

Female 1,438 (40.0) 1,474 (40.1) 0.95 787 (47.6) 826 (49) 0.40 665 (33.5) 634 (32.6) 0.55

Age (years) 62.3 6 6.4 62.4 6 6.5 0.30 62.4 6 6.4 62.3 6 6.7 0.78 62.3 6 6.3 62.4 6 6.5 0.73

DM duration (years) 10.6 6 7.5 10.8 6 7.5 0.33 10.8 6 7.7 10.9 6 7.6 0.84 10.6 6 7.3 10.5 6 7.4 0.83

BMI (kg/m2) 32.2 6 5.4 32.2 6 5.3 0.83 32.1 6 5.6 32.0 6 5.3 0.64 32.3 6 5.3 32.4 6 5.4 0.62

Waist (cm) 106.5 6 13.7 106.5 6 13.4 0.96 105.9 6 14.1 105.0 6 13.1 0.05 107.3 6 13.3 107.5 6 13.6 0.54

Height (cm) 170.0 6 9.8 170.0 6 9.8 0.50 169.0 6 10.1 168.8 6 9.7 0.48 170.1 6 9.6 170.1 6 9.8 0.30

HbA1c (%)* 8.1 (7.5–8.8) 8.1 (7.6–8.9) 0.13 8.2 (7.6–8.9) 8.1 (7.6–8.8) 0.09 8.1 (7.5–8.8) 8.0 (7.5–8.8) 0.10

Fasting glucose (mg/dL) 174.0 6 52.5 176.0 6 53.3 0.10 175.1 6 53.9 173.4 6 53.2 0.35 176.0 6 51.6 175.2 6 53.1 0.66

SBP (mmHg) 135.8 6 16.2 136.1 6 16.4 0.54 138.9 6 15.4 138.8 6 14.7 0.93 133.4 6 16.8 133.5 6 17 0.78

DBP (mmHg) 75.0 6 10 74.8 6 10.1 0.61 76.0 6 10.0 75.9 6 9.5 0.76 74.0 6 10.1 74.0 6 10.3 0.66

LDL (mg/dL) 104.8 6 32.9 104.8 6 33.1 0.95 110.2 6 36.1 109.1 6 34.5 0.37 100.1 6 29.9 101.2 6 30.8 0.28

HDL (mg/dL) 41.9 6 11.2 41.7 6 10.8 0.40 46 6 12.6 46 6 12.9 0.96 38.2 6 7.7 38.3 6 7.6 0.73
Women 47.0 6 12.1 46.4 6 11.7 0.19 50.9 6 12.8 50.9 6 13.2 0.93 41.4 6 7.7 41.6 6 7.6 0.64
Men 38.5 6 9.0 38.5 6 8.9 0.96 41.5 6 10.6 41.3 6 10.6 0.71 36.6 6 7.2 36.7 6 7.1 0.75

Total cholesterol (mg/dL) 183.5 6 40.0 183.6 6 40.3 0.93 193.2 6 42.8 192 6 41.3 0.41 175.2 6 35.9 176.5 6 37.5 0.30

Triglycerides (mg/dL)* 159 (107.5–232) 156 (109–231) 0.70 150 (100.5–229) 150 (99–229) 0.98 165 (116–235) 163 (114–233) 0.63

eGFR (mL/min/1.73 m2) 90.8 6 22.7 90.7 6 22.3 0.87 91.5 6 23.6 90.8 6 22.8 0.38 90.9 6 21.9 90 6 21.8 0.20

UACR (mg/mmol)* 1.3 (0.7–4.1) 1.3 (0.7–4.3) 0.68 1.4 ((0.7–4.1) 1.4 (0.7–4.4) 0.56 1.3 (0.7–4.3) 1.3 (0.7–3.9) 0.63

Previous CV event† 1,203 (33.5) 1,213 (33.0) 0.66 522 (31.5) 546 (32.4) 0.59 674 (33.9) 674 (34.6) 0.64

Report of retinopathy 349 (11.0) 368 (11.3) 0.65 161 (10.7) 166 (11.1) 0.74 189 (11) 201 (11.8) 0.46

Current smoker 443 (12.3) 396 (10.8) 0.04 187 (11.3) 188 (11.2) 0.90 249 (12.5) 215 (11) 0.15

Previous smoker 1,612 (51.6) 1,627 (50.1) 0.22 723 (49.7) 708 (47.8) 0.31 932 (54) 876 (51.3) 0.12

Insulin therapy 1,179 (32.9) 1,314 (35.8) 0.01 593 (36) 616 (36.7) 0.68 654 (33) 630 (32.5) 0.71

Except where noted, data are means 6 SD for continuous variables and counts (%) for categorical data. CV, cardiovascular; DM, diabetes; eGFR,
estimated glomerular filtration rate. *Medians (IQR). †Prior cardiovascular event: In ACCORD, this includes secondary prevention status or history of
myocardial infarction, stroke, angina, and/or ischemic changes (ECG) on graded exercise tolerance test or positive imaging, coronary revascularization
procedures, or other revascularization procedures at baseline. ‡The glycemia trial was the overarching trial in ACCORD. All the participants in the
glycemia trial were randomized to the ACCORD BP or ACCORD Lipid subtrials according to a two-by-two-by-two factorial design.
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the placebo group. The mean HDL cho-
lesterol levels increased from 38.2 mg/dL
atbaseline to41.4mg/dL in the fenofibrate
group and from 38.3 mg/dL to 40.5 mg/dL
in the placebo group. Median plasma tri-
glyceride levels decreased from165mg/dL

to 122mg/dL in the fenofibrate group and
from 163 mg/dL to 144 mg/dL in the
placebo group.

At study entry, 19.8%of participants in
the fenofibrate group had evidence of
CAN as compared with 20.5% in the

placebo group (P5 0.60). No significant
differences in the odds of CAN were
observed between treatment groups
during the treatment period (OR
0.91, 95% CI 0.77–1.06, P 5 0.26, in
the unadjusted analysis, and OR 0.87,

Figure 3—Effects of ACCORD interventions on CAN risk in the subgroups prespecified for the analysis of the ACCORD primary outcome.

care.diabetesjournals.org Tang and Associates 169

http://care.diabetesjournals.org


95% CI 0.74–1.02, P 5 0.08, in the
adjusted analysis) (Fig. 2 and Supple-
mentary Fig. 2C). Adjustment by con-
current cardiovascular events did not
affect such differences (Supplementary
Table 3). However, when analyzed
as continuous variables, both SDNN
and rMSSD were significantly higher
throughout the trial in the fenofibrate
group in both unadjusted (b 5 1.04,
95%CI 1.01–1.08, P5 0.03, andb5 1.06,
95%CI1.02–1.10,P50.003, respectively)
and fully adjusted (b5 1.03, 95%CI 1.00–
1.07,P50.04, andb51.05, 95%CI1.02–
1.09, P 5 0.002, respectively) analyses
(SupplementaryFig.3).Theseresultswere
not affected by further adjustment for the
concomitant use of b-blockers or ACEI/
ARB during the trial (b 5 1.04, 95% CI
1.00–1.08, P5 0.03, andb5 1.06, 95%CI
1.02–1.10, P 5 0.003, respectively).

Effect of Interaction Between ACCORD
Interventions on CAN
Figure 4 shows the combined effect of
glycemia and theother two interventions
tested in the ACCORD subtrials. The in-
tensive glycemic intervention applied on
top of intensive BP control did not appear
to lower the risk ofCAN toagreater extent
than that achieved by intensive BP control
applied alone (OR 0.75, 95% CI 0.58–0.96,
vs. OR 0.73, 95% CI 0.57–0.93) (Fig. 4).
However, there was no significant evi-
dence of deviation from additivity of
the two interventions (P 5 0.18). In
the lipid subtrial, intensive glycemic in-
tervention had similar effects on CAN in
the fenofibrate and placebo arms (Fig. 4).

CONCLUSIONS

This study examined the effects of in-
tensively treating hyperglycemia, hyper-
tension, anddyslipidemiaonCAN risk in a

large cohort of T2D participants in the
ACCORD clinical trial. During a median
follow-up of 5 years, we observed sig-
nificantly protective effects of intensive
glycemic and BP interventions on CAN,
with average risk reductions of 16% and
25%, respectively. The effect of the in-
tensive glycemic interventionon incident
CAN persisted after transition to the
standard glycemic control targets, which
suggests a “metabolic memory” phe-
nomenon such as that demonstrated
in prior cohorts and for other diabetes
complications (7,18). Our data also sug-
gest differences in the effectiveness of
intensive glycemic control based on the
presence or absence of CVD history and
in the effectiveness of BP control based
on age. If confirmed by further studies,
these findings may provide a rationale
for prioritizing interventions based on
patients’ characteristics.

Figure 3dContinued.
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Ourfindingsareconsistentwiththoseof
the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interven-
tions and Complications (DCCT/EDIC),
which demonstrated a strong protective
effect of intensiveglycemic control onCAN
(OR 0.69, 95% CI 0.51–0.93) among pa-
tients with type 1 diabetes (19) that con-
tinues over time (20), but are at variance
with thoseof theVeteransAffairsDiabetes
Trial (VADT), in which intensive glycemic
control did not show any beneficial effect
on autonomic neuropathy among T2D
subjects. However, in VADT, autonomic
dysfunctionwas defined as a composite of
self-reported symptoms of orthostatic hy-
potension, gastroparesis, neurologic blad-
der,anddiabeticdiarrhea,andnoobjective
measures of CANwere available (21). Self-
reported symptoms have low sensitivity
and specificity, and orthostatic hypoten-
sion is unspecific as an index of CAN,
especially in a population with multiple
comorbidities requiring multiple medica-
tions,manyofwhich could have promoted
orthostatic hypotension. This, combined
with the heterogeneous nature of the
composite outcome, may have hampered
detection of the effect of intensive glyce-
mic control.
Multiple studies have established hy-

pertension as a risk factor for CAN in T2D
(1). However, data on whether improved
BP control has beneficial effects on CAN
are scant. The Atherosclerosis Risk in

Communities (ARIC) study showed that
after 9 years of follow-up of individuals
with hypertension, thosewhowere treated
with antihypertensives had significantly
higher SDNN and rMSSD than those who
were not treated (22). A previous ACCORD
study showed that intensive BP control did
not predispose patients to orthostatic hy-
potension (23),whichmayhavebeenpartly
due to the protective effects of intensive
BP control on CAN. These findings were
consistent with data showing that long-
term BP control can reset baroreflex sen-
sitivity (24), thereby preventing autonomic
function from worsening in T2D.

High serum triglycerides are also in-
dependent predictors of CAN in T2D
(25,26), and increasing mechanistic ev-
idence has implicated fenofibratedan
agonist of peroxisome proliferator–
activated receptor-a (PPAR-a) with triglyc-
eride-lowering propertiesdas having
beneficial effects on autonomic function.
For instance, this drug was shown to
increase baroreflex sensitivity via UCP2
upregulation and/or through increased
neuronal vasoconstrictor response in ca-
rotid arteries (27,28). Also, fenofibrate-
mediated reductionof certain lipids, such
as sphingolipids, appears to be beneficial
for the autonomic system (29,30).
Despite this prior evidence, however,
treatment with fenofibrate was not sig-
nificantly associated with prevention of
CAN in ACCORD. Consistent with the

results of a randomized, open-label trial
of individuals with combined hyperlipid-
emia (31), we observed some salutary
effects of fenofibrate on SDNN and
rMSSD considered individually as contin-
uous variables, but these were not suf-
ficient to lower the risk of CAN as defined
by both of these indices being below the
fifth percentile of their general popula-
tion distributions.

Current American Diabetes Associa-
tion guidelines recommend a multifac-
torial approach to the prevention of CAN
in T2D, largely basedonevidence fromthe
Steno-2 trial (1). Steno-2 interventions
targeted BP (SBP ,140 mmHg and DBP
,85 mmHg in 1993–1999 and SBP
,130 mmHg and DBP ,80 mmHg in
2000–2001), HbA1c (,6.5%), triglycerides
(,150mg/dL),andtotal cholesterol (,190
mg/dL in 1993–1999 and ,175 mg/dL in
2000–2001). Such a multipronged ap-
proach led to a large reduction of auto-
nomic neuropathy risk (relative risk 0.37,
95% CI 0.18–0.79, P 5 0.002) (10), pre-
sumably resulting from the summed ef-
fects of the different interventions applied
in this study. Since the Steno-2 targets
approximately correspond to those of the
standard treatments in ACCORD, our find-
ings suggest that a more intensive appli-
cation of these interventions may further
improve their effectiveness in preventing
CAN. As CAN presentation varies, from
subclinical cardiovascular autonomicnerve

Figure 4—Effects of the combination of intensive glycemic control with intensive BP control (ACCORD BP) (A) and fenofibrate (ACCORD Lipid)
(B) on CAN risk.
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dysfunction, presenting with asymptom-
atic changes inHRV thatmay be reversible,
to more advanced (1,9,26), it is important
and clinically relevant to document pres-
ence of CAN as early as possible to decide
when and how to implement optimal
strategies for risk factors management
in a personalized approach.
Strengths of our study include the

large sample size, the randomized
design, a rich array of clinical data,
and the rigorous, long-term follow-up.
However, some limitations should be
acknowledged. First, this was a post
hoc analysis of a study that was not
specifically designed for CAN, in terms
of power and inclusion/exclusion crite-
ria. Second, CAN status was based on
HRV indices obtained from short elec-
trocardiography recordings, with use
of cutoffs derived from their distribu-
tion in individuals free of CVD risk
factors, rather than on dynamic car-
diovascular autonomic reflex tests
(CARTS) such as heart rate response
to deep breathing, standing, and Val-
salva maneuver (1). However, while
the definition of CAN used in our study
may have been suboptimal, the very
large sample size of valid evaluations
available likely offset the loss of power
that may have resulted from this. In
addition, a composite of the SDNN and
rMSSD variables was found to be a strong
predictor of cardiovascular mortality in
both type 1 diabetes and T2D (4,32) as
well as in the general population (17), to
the point that current guidelines recom-
mend its use to evaluate CAN in large trials
(1). Third, the association between treat-
ments and CAN may have been biased by
the presence of clinical comorbidities and
drug treatments (22) that can affect HRV.
However, adjustment of the analysis by
time-dependent indicators of these drugs
and cardiovascular events did not alter the
effects of the intensive glycemic interven-
tion.While such beneficial effects of treat-
ments onCANwere robust, the translation
of these benefits on important clinical
sequelae of CAN, such as mortality and
severe hypoglycemia, could not be as-
sessed, since intensive glycemic therapy
was associated, for reasons unrelated to
CAN, with higher rates of those events in
ACCORD. Fourth, since ACCORD was com-
pleted several years ago, we cannot ex-
trapolate the effects on CAN observed in
the current study to those that one may
obtain with newer glucose-lowering

drugs such as glucagon-like peptide 1
receptor agonists and sodium–glucose
cotransporter 2 inhibitors. Finally, ACCORD
was specifically designed for patients at
high cardiovascular risk.Whether these
conclusions can be generalized to other
patients with T2D remains to be seen.

Conclusion
In summary, this study demonstrated ben-
eficial effects of intensive glycemic and BP
control on CAN occurrence. Such benefits
should be carefully weighed against the
risks and costs associated with these in-
terventions, including the excess mortality
observedwith intensiveglycemiccontrol in
ACCORD. The finding of possible hetero-
geneity in the effectiveness of intensive
glycemic control basedonCVDhistory, and
of BP control based on age, may allow
personalization of this treatment to max-
imize its cost-effectiveness.
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