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ABSTRACT

Introduction: It is well known that type 2 diabetes mellitus (T2DM) produces cardiovascular autonomic neu-
ropathy (CAN), which may affect the cardiac autonomic modulation. However, it is unclear whether the lack of
glycemic control in T2DM without CAN could impact negatively on cardiac autonomic modulation. Objective:
To evaluate the relationship between glycemic control and cardiac autonomic modulation in individuals with
T2DM without CAN. Descriptive, prospective and cross sectional study. Methods: Forty-nine patients with T2DM
(51£7 years) were divided into two groups according to glycosylated hemoglobin (HbA1c): G1<7% and G2>7.0%.
Resting heart rate (HR) and RR interval (RRi) were obtained and calculated by linear (Mean iRR; Mean HR; rMSSD;
STD RR; LF; HF; LF/HF, TINN and RR Tri)) and non-linear (SD1; SD2; DFal; DFa2, Shannon entropy; ApEn; SampEn
and CD) methods of heart rate variability (HRV). Insulin, HOMA-IR, fasting glucose and HbA1c were obtained by
blood tests. Results: G2 (HbA1c<7%) showed lower values for the mean of iRR; STD RR; RR Tri, TINN, SD2, CD and
higher mean HR when compared with G1 (HbATc > 7%). Additionally, HbA1c correlated negatively with mean
RRi (r=0.28, p=0.044); STD RR (r=0.33, p=0.017); RR Tri (r=-0.35, p=0.013), SD2 (r=-0.39, p=0.004) and positively
with mean HR (r=0.28, p=0.045). Finally, fasting glucose correlated negatively with STD RR (r=-0.36, p=0.010); RR
Tri (r=-0.36, p=0.010); TINN (r=-0.33, p=0.019) and SD2 (r=-042, p=0.002). Conclusion: We concluded that poor
glycemic control is related to cardiac autonomic modulation indices in individuals with T2DM even if they do
not present cardiovascular autonomic neuropathy.

Keywords: diabetes mellitus, type 2; blood glucose; heart rate; autonomic nervous system; hemo-
globin A, glycosylated.

RESUMO

Introducdo: £ de conhecimento geral que o diabetes mellitus tipo 2 (DM2) produz neuropatia autonémica
cardiovascular (NAC), que pode afetar a modulagdo autonémica cardiaca. Entretanto, ndo é claro se a falta de
controle glicémico em diabéticos tipo 2 sem NAC, poderia impactar negativamente na modulacdo autonémica
cardiaca. Objetivo: Avaliar a relagdo entre controle glicémico e modulagdo autonémica cardiaca em individuos
com DM_2 sem neuropatia autonémica cardiovascular. Estudo descritivo, prospectivo e transversal. Métodos: Qua-
renta e nove pacientes com DM?2 (5147 anos) foram divididos em dois grupos de acordo com a hemoglobina
glicosilada (HbATc): G1: < 7% e G2: >7,0%. A frequéncia cardiaca de repouso (FC) e intervalo RR (iRR) foram
obtidos e calculados por métodos lineares (média iRR; média FC; rMSSD; STD RR; LF; HF; LF/HF, TINN e RR Tri)
e ndo lineares (SD1; SD2; DFal; DFa2, Entropia de Shannon; ApEn; SampEn e CD) de variabilidade de frequén-
cia cardiaca. Insulina, HOMA-IR, glicemia de jejum e HbATc foram obtidas por andlises sanguineas. Resultados:
G2 (HbAc < 7%) mostrou valores menores para média de iRR; STD RR; RR Tri, TINN, SD2, CD e maiores para média
de FR quando comparado com G1 (HbATc > 7%). Adicionalmente, HbATc correlacionou-se negativamente com
media iRR (r=0,28, p=0,044); STD RR (r=0,33, p=0,017); RR Tri (r=-0,35, p=0,013), SD2 (r=-0,39, p=0,004) e positi-
vamente com média FC (r=0,28, p=0,045). Finalmente, a glicemia de jejum correlacionou-se negativamente com
STD RR (r=-0,36, p=0,010); RR Tri (r=-0,36, p=0,010); TINN (r=-0,33, p=0,019) e SD2 (r=-0,42, p=0,002). Conclusdo:
Conclui que o controle glicémico deficiente relaciona-se com indices de modulagdo autonémica cardiaca em
individuos com DM2, ainda que ndo apresentem neuropatia autonémica cardiovascular.

Palavras-chave: diabetes mellitus tipo 2, glicemia, frequéncia cardiaca, sistema nervoso auténomo, hemoglo-
bina A glicosilada.

RESUMEN

Introduccidn: Es de conocimiento general que la diabetes mellitus tipo 2 (DM2) produce neuropatia autonémica
cardiovascular (NAC), que puede afectar la modulacién autonémica cardiaca. Entretanto, no es claro si la falta de
control glucémico en diabéticos tipo 2 sin NAC, podria impactar negativamente en la modulacién autondmica
cardiaca. Objetivo: Evaluar la relacidn entre control glucémico y modulacion autondmica cardiaca en individuos con
DM_2 sin neuropatia autondmica cardiovascular. Estudio descriptivo, prospectivo y transversal. Métodos: Cuarenta y
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nueve pacientes con DM2 (51+7 anos) fueron divididos en dos grupos de acuerdo con la hemoglobina glucosilada
(HbATC): G1: < 7% y G2: >7,0%. La frecuencia cardiaca de reposo (FC) e intervalo RR (iRR) fueron obtenidos y calcu-
lados por métodos lineales (promedio iRR; promedio FC; IMSSD; STD RR; LF; HF; LF/HF, TINN y RR Tri) y no lineales
(SD1; SD2; DFal; DFa2, Entropia de Shannon; ApEn; SampEn y CD) de variabilidad de frecuencia cardiaca. Fueron
obtenidas insulina, HOMA-IR, glucemia en ayunas y HbATc a través de andlisis sanguineos. Resultados: G2 (HbATc
< 7%) mostré valores menores para el promedio de iRR; STD RR; RR Tri, TINN, SD2, CD y mayores para el promedio de
FR al ser comparado con G1 (HbATc > 7%). Adicionalmente, HbA ¢ se correlacioné negativamente con el promedio
IRR (r=0,28, p=0,044); STD RR (r=0,33, p=0,017); RR Tri (r=-0,35, p=0,013), SD2 (r=-0,39, p=0,004) y positivamente con
el promedio FC (r=0,28, p=0,045). Finalmente, la glucemia en ayunas se correlaciond negativamente con STD RR
(r=-0,36, p=0,010); RR Tri (r=-0,36, p=0,010); TINN (r=-0,33, p=0,019) e SD2 (r=-0,42, p=0,002). Conclusién: Concluimos
que el control glucémico deficiente se relaciona con indices de modulacion autonémica cardiaca en individuos con
DM2, aunque no presenten neuropatia autondmica cardiovascular.

Palabras clave: diabetes mellitus tipo 2, glucemia, frecuencia cardiaca, sistema nervioso auténomo, hemoglobina

A glucosilada.
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INTRODUCTION

Diabetes mellitus (DM) is one of the most common metabolic di-
sorders in the world, in which more than 90% of the cases are type
2 DM (T2DM)". Moreover, it is well known that T2DM is an important
and independent risk factor for cardiovascular mortality and morbidity?.
Most patients with DM develop autonomic neuropathy, which is one
of the more common complications in this population®. Damage to
autonomic nerve fibers that innervate the heart and blood vessels con-
sequently lead to abnormalities in heart rate (HR) control and vascular
dynamics*®. Comparatively, the mortality of DM patients manifesting
an autonomic neuropathy is markedly higher®” than DM patients with-
out autonomic neuropathy. Thus, early diagnosis of cardiac autonomic
dysregulation is of great clinical in patients with DM,

In 2007, Vinik and Dan Ziegler showed that heart rate variability
(HRV) can accurately detect the presence of a cardiac autonomic neu-
ropathy®. In fact, reduced HRV has been recognized as an early hallmark
of cardiac autonomic neuropathy and it predicts mortality in patients
with ischemic heart disease and DM, Heart rate variability was first
analyzed using linear models, such as spectral analysis'?, however, non-
linear modeling has been recently proposed as a superior method to
describe the complexities of HR dynamics'3'°,

Although poor glycemic is thought to be the most important etio-
logic factor leading to complications of DM, its effect on linear and
nonlinear dynamics of HR in asymptomatic patients is unknown, which
was the impetus for the current investigation.

We hypothesized that poor glycemic control would negatively
impact both linear and nonlinear dynamics of HR and that nonlinear
indices, in particular, can be an early indicator of autonomic nervous
system dysregulation.

MATERIAL AND METHODS

Descriptive, prospective and cross sectional study. A total of 49
male and female (34 male and 15 female), participants diagnosed
with type 2 DM (T2DM), aged 51.8 + 6 years, were divided into two
groups according to glycosylated hemoglobin (HbAT1c): 1) G1: <7.0%
(n=10) and 2) G2: >7.0%, (n=39)% with or without additional coro-
nary heart disease risk factors including hypertension (=130 mmHg
systolic or >80 mmHg diastolic) and dyslipidemia. Duration of diabe-
tes was based on a self-reported date of diagnosis. Exclusion criteria
consisted of a history consistent with heart disease, uncontrolled
hypertension, musculoskeletal disorders, and other concomitant res-
piratory diseases.

314

Artigo recebido em 22/03/2015 aprovado em 23/06/2015.

The study followed the Declaration of Helsinki guidelines and was
approved by the Human Research Ethics Committee of our Institution
(protocol number 1318/1). The procedure was explained to each sub-
ject separately and all signed written informed consent.

All subjects were investigated in a quiet room from 7:30 to 12:00am.
All subjects were instructed to avoid caffeinated and alcoholic beve-
rages 12hours before the test and not to perform activities requiring
moderate-to-heavy physical exertion.

HR and RR interval (RRi) recording

The HR and RRi were recorded continuously using a Polar S810i
telemetry system (Polar Electro Oy, Kempele, Finland) and these data were
used to quantify HRV. Each subject rested for 10 min before the initia-
tion of data collection to ensure HR stabilization. Heart rate was then
continuously recorded during a 10 min period of supine rest period.

HRV analysis

The HR data was transferred to a microcomputer and the RRi series
were reviewed by visual inspection. Only segments with >90% of pure
sinus beats were included in the final analysis. The data were transfer-
red into Kubios HRV analysis software (MATLAB, version 2 beta, Kuopio,
Finland) and analyzed with one series of 256 sequential RRi.

The nonlinear dynamic properties of HRV were analyzed using mea-
sures such as approximate entropy (ApEn)?', correlation dimension (CD)?
and Poincaré plot?. ApEn quantifies the regularity of time series data and
is represented as a simple index for the overall complexity and predicta-
bility of each time series. Large values of ApEn indicate high irregularity
and smaller values of ApEn indicate a more regular signal. Thus, higher
ApEn value reflects better health and function?'. The nonlinear analysis
of the Poincare plot of RRi was applied and the following two descrip-
tors of the Poincare plot were used in the study: (i) SD1 - the standard
deviation measuring the dispersion of points in the plot perpendicular
to the line-of-identity. This parameter is usually interpreted as a measure
of short-term HRV, which is caused mainly by respiratory sinus arrhyth-
mia (parasympathetic modulation); and (i) SD2 - the standard deviation
measuring the dispersion of points along the identity line, which is in-
terpreted as a measure of both short and long-term HRV (overall HRV)?.

Linear traditional measures in the time domain HRV analysis were
evaluated by calculating the following, widely accepted, parameters:
(i) mean of RR and its standard deviation (STD RR), also called SDNN,
in ms; (i) square root of the mean squared differences of successive
RRi (rMSSD) in ms; and (iii) geometrical forms as the integral of the
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RRi histogram divided by the height of the histogram (RR tri index)
and the baseline width of the RRi histogram (TINN) in ms (8). STD
RR represents a global index of HRV (overall HRV) and reflects all the
cyclic components responsible for variability in the recording period;
(i) rIMSSD reflect alterations in autonomic modulation that are predo-
minantly vagally mediated; and (iii) the geometrical HRV indices are
an estimative of the overall HRV?4 This multivariate approach allows
for a comprehensive assessment of cardiac autonomic function.

Laboratory analysis

Blood specimens were obtained after an overnight fast for all
measurements. HbA1c was measured in a central laboratory by anion-
-exchange high-performance liquid chromatography (Variant Il, Bio
Rad, Berkeley, California), coupled with a fluorescence detector method
certified by the National Glycohemoglobin Standardization Program?°.

Insulin resistance was evaluated by the Homeostatic model
(HOMA- IR) which is calculated by the following formula: (fasting
plasma glucose (mg/dl) x fasting plasma insulin (uU/ml)/22.51%.
Fasting plasma glucose was measured by an enzymatic method using
an AU 680® (Beckman Couter, Suarlée (NAMUR) Belgium) and fasting
plasma insulin was measured by a chemiluminescent assay (UniCel®
DxlI 800, Pasadena, California). Total cholesterol (total-C), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C) and triglycerides were measured by an enzymatic method
AU 680® (Beckman Couter, Suarlée (NAMUR) Belgium)?®.

Statistical analysis

Data are reported as mean + SD, unless otherwise specified. All
data were verified for the assumptions of normality and comparisons
between groups (G1 vs G2) were performed using unpaired T-Tests.
Correlation of key variables was assessed using Spearman’s correlation
coefficients. Tests with a p-value < 0.05 were considered statistically
significance. Statistical analyses were carried using Statistica 5.5 (Stat-
Soft Inc,, Tulsa, USA).

RESULTS

A total of 49 patients were evaluated over a 1-year period. Table 1
describes the clinical characteristics of all subjects and compares them
according to an HbA1C threshold (G1 and G2). There were no significant

Table 1. Patient characteristics, stratified by assessment of glycosylated hemo-
globin (HbA1c).

differences in baseline characteristics: age, height, weight and BMI.
Fasting plasma glucose was significantly higher in G2 and duration of
diabetes was significant higher in G1 when compared to G2. Addi-
tionally, there were no significant differences regarding risk factors for
cardiovascular disease and oral hypoglycemic medications.

The results of HRV indices are presented in table 2. Linear indices
(Mean RRi, STR RR, RR Tri and TINN) were significantly lower in G2 when
compared to G1, with the exception of mean HR, which was signifi-
cantly higher in the G2 when compared to G1.Non-linear dynamics
of HR indices (SD2 and CD) demonstrated significantly lower values
in G2 when compared to G1.

Table 3 lists Spearman correlation coefficient (r) results, demons-
trating a negative and significant association between HRV linear
indices and both HbATc and FPG values. In addition, a negative rela-
tionship between SD2 and CD were observed with HbA1c and FPG.
Duration of DM was not correlated with any HRV indices.

Table 2. Linear and non-linear heart rate variability indices for both groups.

Gl G2 P value
HbA1c < 7% (n=10) | HbA1c > 7% (n=39)
Linear Indices

Mean RRi (ms) 92847 + 67.83 84425 +117.64 0.01
Mean HR (bpm) 65.12 £ 491 7245 £ 955 0.01
rMSSD (ms) 2633+ 1524 18.26 £ 13.92 0.09
STD RR (ms) 3492 + 1951 2113 +£12.85 0.02
LF (nu) 70.77 + 26.89 65 + 20.36 0.22

HF (nu) 29.23 +26.89 35+2036 0.22
LF/HF 6.28+6.3 328+ 364 0.22
TINN 149 + 5032 107.82 £ 65.72 0.04

RR Tri 9.02+512 557 +307 0.01

Nonlinear Indices

SD1 (ms) 18.94 + 10.65 13.08 £ 9.89 0.07
SD2 (ms) 61.94 + 2506 37.7£19.11 0.006
DF a1l 1.31£041 1.26 £0.29 0.66

DF a2 095 +0.12 092 £0.19 0.57

SE 32+028 321+033 0.80

ApEn 0.97+0.13 1.03£0.12 0.07
SampEn 135+£037 141 £032 0.88
cD 246+ 1.14 1.08 £1.38 0.004

Data are expressed as Mean + SD. HRV: heart rate variability; Mean RRi: mean of R-R intervals; Mean HR: mean
heart rate; rMSSD: square root of the mean squared differences of successive RR; STD RR: standard deviation of
RR; LF un: band low frequency; HF un: band high frequency; LF/HF: ratio bands; TINN: baseline width of the RR
histogram; RR tri: integral of the RR histogram divided by the height of the histogram; SD: standard deviation
of instantaneous R-R interval variability, DF: short-term correlation properties of RRi; SE: Shannon Entropy; ApEn:

HbA1c < 7% HbA1c > 7% approximate entropy; SampEn: sample entropy, CD: correlation dimension.
P value
(n=10) (n=39)
Sex 6 male/4 female | 28 male/11 female — Table 3. Spearman correlation coefficient (r) between indices of heart rate variability
Age (years) 512+77 512+72 0.86 and laboratory tests.
ngght kg) 824176 8294172 059 Heart rate variability index Laboratory test
Height (cm) 170 £ 0.1 170 £ 0.1 041
BMI (kg/m?) 29752 296+53 095 HbA1c P value
HbA1C (%) 64+04 92+15 < 0.0001 Mean RRi (ms) r=-028 0.044
FPG (mg/dL) 1251 +503 1689 + 59.7 0.01 Mean HR r=028 0.045
Duration DM (years) 19+10 6.5 +4.1 <0.001 STD RR =033 0017
Risk factors CVD RRTH 035 0013
SAH 5 (50%) 20 (51.3%) 1.00 - -
Ow/Ob 8 (80%) 31 (79.5%) 1.00 SD2 (ms) r=-039 0.004
Dyslipidemia 8 (80%) 28 (71.79%) 1.00 Fasting glucose
Oral hypoglycemics TINN r=-033 0019
Biguanide 6 (60%) 19 (48.7%) 0.66 STD AR (036 0010
Sulfonyurea 4 (40%) 20 (51.3%) 057
DPP4 inhibitor 1(10%) - 040 RR Tri r=-036 0.010
Combination 3 (30%) 10 (25.6%) 0.19 SD2 r=-042 0.002

Data are expressed as Mean + SD. BMI: Body Mass Index; HbA1c: glycosylated hemoglobin, FPG: fasting plasmatic
glucose, CVD: cardiovascular disease; SAH: systemic arterial hypertension; Ow/Ob: overweight/obesity, DPP4:
Dipeptidy! peptidase 4, Combination: combination of two or more oral hypoglycemic agents.
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Indices of heart rate variability: Mean RRi: mean of R-R intervals; Mean HR: mean heart rate; STD RR: standard
deviation of RR; RRTri: integral of the RR histogram divided by the height of the histogram; SD: standard deviation
of instantaneous R-R interval variability.
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DISCUSSION

The main findings of the present study are: (i) individuals with T2DM
with poor glycemic control presented with a greater impairment in linear
and nonlinear HR dynamics compared to those with better glycemic
control; and (i) poor glycemic control negatively affects HRV dynamics,
confirming our hypothesis. To our knowledge, this is the first study to
address these relationships. The findings of the present study stress the
clinical importance of early and ongoing strategies to manage blood
glucose levels in T2DM in order to deter the numerous physiologic con-
sequences of this condition, including a negative effect on HRV.

Negative effects of poor glycemic control on cardiac auto-
nomic control

A reduction in HRV is common in patients with DM and it is also
associated with adverse poor cardiovascular prognosis?’28and stroke®.
The current study demonstrated that poor metabolic control negatively
affects cardiac autonomic modulation in these patients, as observed by
reduced HRV values. Therefore, in subjects with T2DM who are already
prone to cardiac autonomic dysfunction, lack of glycemic control fur-
ther compounds poor autonomic control of HR. Reduced HR variability
is the earliest indicator of cardiovascular autonomic neuropathy and is
thus important to prevent’.

An interesting finding of the present study was the majority of
subjects analyzed presented with poor glycemic control (79.6%).
We expected the converse to be observed since all subjects were in
treatment, receiving frequent medical follow-up. However, in the con-
text of poor glycemic control, our study is consistent with Viana et al.*,
in 2013, which described the clinical profile of Brazilian patients with
T2DM managed by the public healthcare system.

Linear analysis on HRV and glycemic control

Specifically, in the present study, we observed that the time domain
of HRV indicated that patients that who presented with a HbA1c >7 had
a lower Mean RRi, STD RR, RR Tri and TINN. In 2005, Faulkner et al. 2005
compared autonomic control of HR in adolescents with T2DM, which
had been diagnosed for at least a year, to those with T1DM,; finding sig-
nificantly lower levels of HRV time domain indices in the former group?'.

CAN in DM is the result of complex interactions between the de-
gree of glycemic and disease duration. It has been shown that chronic
hyperglycemia promotes progressive autonomic neural dysfunction
in a manner that parallels the development of peripheral neuropathy
control??. Corroborating with our study, Poanta et al3* demonstrated
a lack of autonomic control evaluated by HRV in subjects with T2DM
without signs of cardiovascular disease.

In the current study, we did assess insulin levels and therefore were
unable to perform correlations with HRV indices. Charles et al. recently
found that insulin levels were inversely and significantly associated with
both HF and LF HRY, although only among those with higher levels of
obesity and lower levels of physical activity*. Future studies is needed
to assess this relationship.

Recently, Pal et al*>. showed positive correlation between HOMA-IR
and linear indices of HRV, such as the LF/HF ratio, in the cohort with
a family history of T2DM. However, in the current study, we did not
identify an association between HRV indices and HOMA-IR. These diffe-
rences may be related in differences in characteristics between cohorts.

Nonlinear analysis oh HRV and glycemic control

Nonlinear analysis of HRV indicated that subjects that presented
with a HbATc >7% presented with lower nonlinear indices of HRV (i.e,,
SD2), indicating that total HRV as well as parasympathetic modulation is
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reduced in this subgroup. In addition, the CD index, which is an impor-
tant nonlinear index that represents the adaptability of the autonomic
system, was also reduced in the presence of higher HbATc. A lower
CD reflects poor degrees of freedom of the cardiac pacemaker and,
therefore, a reduced range of possible adaptative responses to stimuli
in an ever-changing environment??,

Improving metabolic control is a challenging clinical task in patients
with T2DM. The results of the present study showed that the majori-
ty of our subjects did not have adequate glycemic control (HbATc>
7=79.6%), even in recently diagnosed cases. Conversely, Khattab et al3¢,
studying factors associated with poor glycemic control, showed that
the proportion of patients with poor glycemic control was high and
associated with a longer duration since diagnosis and poor compliance
with diabetes self-care management.

Hyperglycemia is considered a permissive pathogenesis factor®
because it activates various biochemical pathway leading to the de-
velopment and progression of CAN*. The injury mechanisms of sym-
pathetic and parasympathetic branches in DM are not completely un-
derstood. The pathogenesis of CAN is complex and involves a cascade
of pathways activated by hyperglycemia resulting in neuronal ischemia
and cellular death.

In accordance with our results, Lind et al%, observed that the poor
glycemic control, defined as a HbA1c >7% was an independent risk fac-
tor for hospitalizations due to heart dysfunction in patients with T2DM.
Considering that poor HRV and reduced HR complexity are associated
with poor cardiovascular prognosis and higher risk of arrhythmias*' and
sudden death*?, poor glycemic control can result in a loss of autonomic
nervous adjustments. In this way, Matsushita et. al**, using a cut-off for
HbA1c of 5.5 - 6.0%, showed a higher incidence of heart failure in a
middle-aged population without DM, suggesting that chronic hyper-
glycemia may contribute to the development of heart failure.

HRV is commonly analyzed using linear models such as spectral
analysis. Nonlinear analysis differs from traditional approaches because it
considers qualitative properties of HR time series and could provide early
and additional information'*''° of HR dynamics. Therefore, in this study,
subjects with a HbA1c >7% showed reduced cardiovascular complexity,
which is considered to an early marker of risk for cardiovascular disease'.

A recent study evaluated HRV in individuals with T2DM, without
CAN, in response to an active postural maneuver and they showed that
this cohort presented with higher cardiac sympathetic modulation®.
However, the complexity of HRV was not influenced by the imbalance
of autonomic modulation in individuals with T2DM*. In parallel, the
current study was the first to show higher HbA1¢; in other words, un-
controlled and persistent hyperglycemia affects non-linear dynamics
of HR, which has been considered an important early marker of ab-
normal cardiac modulation damage. The current study corroborates
with Nayak et al* who observed that subjects with DM undergoing
regular treatment with insulin and oral hypoglycemic agents did not
demonstrate a correlation between CAN score and duration of diabetes.
However, Nolan et al.*, found that duration of DM was independently
and inversely associated with HRV markers of vagal HR modulation
(HF power and rMSSD) and total R-R variability (SDNN) among male
subjects. Taken together, these data suggest that the glycemic control
may be time-dependent with duration of DM.

CONCLUSION

In conclusion, the findings of the current study suggest that pa-
tients with T2DM with poor glycemic control, as demonstrated by
higher HbATc values above the recommended target, are more sus-
ceptible to poor autonomic nervous control of HR. In this way, new
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strategies are necessary to improve glycemic control in this popula-
tion, since poor management causes a host of detrimental physiologic
abnormalities, including altered CAN, which can be one of the first
steps toward manifestation of cardiovascular disease.
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