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Abstract

Background A compromised cardiac autonomic function has been found in subjects with insulin resistance related
disorders such as obesity, impaired glucose tolerance (IGT) and type 2 diabetes and confers an increased risk of
adverse cardiovascular outcomes. Growing evidence indicate that 1 h plasma glucose levels (1hPG) during an oral
glucose tolerance test (OGTT) = 155 mg/dl identify amongst subjects with normal glucose tolerance (NGT) a new
category of prediabetes (NGT 1 h-high), harboring an increased risk of cardiovascular organ damage. In this study we
explored the relationship between 1 h post-load hyperglycemia and cardiac autonomic dysfunction.

Methods Presence of cardiac autonomic neuropathy (CAN) defined by cardiovascular autonomic reflex tests (CARTs)
and heart rate variability (HRV), assessed by 24-h electrocardiography were evaluated in 88 non-diabetic subjects
subdivided on the basis of OGTT data in: NGT with 1 h PG< 155 mg/dl (NGT 1 h-low), NGT 1 h-high and IGT.

Results As compared to subjects with NGT 1 h-low, those with NGT 1 h-high and IGT were more likely to have
CARTs defined CAN and reduced values of the 24 h time domain HVR parameters including standard deviation of all
normal heart cycles (SDNN), standard deviation of the average RR interval for each 5 min segment (SDANN), square
root of the differences between adjacent RR intervals (RMSSD), percentage of beats with a consecutive RR interval
difference > 50 ms (PNN50) and Triangular index. Univariate analyses showed that ThPG, but not fasting and 2hPG,
was inversely associated with all the explored HVR parameters and positively with CARTs determined presence

of CAN. In multivariate regression analysis models including several confounders we found that 1ThPG was an
independent contributor of HRV and presence of CAN.

Conclusion Subjects with ThPG > 155 mg/dl have an impaired cardiac autonomic function.
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Background

Type 2 diabetes mellitus (T2DM) poses a significant
health challenge nowadays. It can affect major organ sys-
tems, leading to complications including, among others,
autonomic dysfunction and cardiac autonomic neuropa-
thy (CAN) [1-3]. The prevalence of CAN ranges from 31
to 73% in patients with T2DM and it increases along with
disease duration [2—4].

Since T2DM is spreading around the world, incidence
of CAN is expected to significantly increase among indi-
viduals with T2DM in the coming decades [3-5]. Longi-
tudinal studies indicate that CAN is a predictor of adverse
cardio-cerebrovascular events in diabetic patients [3, 4, 6,
7, 8]. The PROSPERO meta-analysis showed that diabetic
patients with CAN have a 3-fold increased risk of future
cardiovascular events and death than those without CAN
[8]. However, despite its prevalence and negative prog-
nostic value, CAN is still underdiagnosed in patients with
diabetes [3, 4, 9].

According to the Toronto Consensus Panel on Diabetic
Neuropathy, CAN is defined as impairment of autonomic
control of the cardiovascular system in the context of dia-
betic disease after exclusion of other causes [10]. CAN
is usually diagnosed using several cardiovascular auto-
nomic reflex tests (CARTs) [11]. Interestingly, a higher
prevalence of CAN defined by CARTs has not only been
found in subjects with T2DM, but also in those with
impaired fasting glucose (IFG) and/or impaired glucose
tolerance (IGT) [12]. These prediabetic conditions are
both characterized by intermediate hyperglycemia and
are broadly recognized to be associated with an increased
risk of future T2DM and adverse cardiovascular events
[13, 14].

Additionally, a reduced heart rate variability (HRV),
which is an early clinical manifestation of CAN reflect-
ing the autonomic system imbalance with a reduced
parasympathetic activity and a relative sympathetic pre-
dominance on the heart, has been found in patients with
prediabetes and even more in those with T2DM [15-17].
This finding shows that cardiac autonomic perturbations
occur in subjects with altered glucose homeostasis before
the onset of full-blown T2DM and progress with a wors-
ening of glucose tolerance.

Recently, several studies have demonstrated that
1-hour plasma glucose (1hPG) levels during an oral glu-
cose tolerance test (OGTT)>155 mg/dl (8.6 mmol/L)
may identify, among subjects with normal glucose tol-
erance (NGT), those with glucose homeostasis abnor-
malities, including reduced insulin sensitivity and  cell
dysfunction and an increased risk to develop T2DM
[18-21], thus leading International Diabetes Federation
(IDF) to recently recommend a value of 1hPG>155 mg/
dl as an additional criterion to identify individuals with
prediabetes who may benefit of preventive intervention
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[22]. Additionally, a large body of evidence has dem-
onstrated that subjects with NGT and 1hPG=155 mg/
dl (NGT 1 h-high) have a cluster of cardio-metabolic
abnormalities common to T2DM, including left ven-
tricular hypertrophy and diastolic dysfunction, impaired
mechano-energetic myocardial efficiency, vascular ath-
erosclerosis [18, 22—-26], making it possible to speculate
about an association between higher 1 h-PG and cardiac
autonomic dysfunction. In line with this view, Perticone
M et al. have described a decline of HRV during the first
hour of OGTT in subjects with NGT 1 h-high, which
was similar to that observed in those with IGT [27].
However, in this study, HRV was assessed by electrocar-
diographic (ECG) recordings performed during OGTT,
which is not representative of basal resting conditions.
Long-term, usually 24-hour HRV recordings, are con-
sidered the “gold standard” for clinical HRV assessment
[28-30], since they are able to detect autonomic nervous
responses during normal daily activities, thus providing
a more accurate evaluation of cardiac autonomic func-
tion than short-term measurements [28—30]. To the best
of our knowledge, it is still uncertain whether subjects
with NGT 1 h-high have a compromised cardiac auto-
nomic function as compared to patients with NGT and
1hPG <155 mg/dl (NGT 1 h-low). In this study we there-
fore aimed to verify whether non-diabetic subjects with
1 h post-load hyperglycemia have an altered cardiac auto-
nomic function and a reduced HRV during normal daily
activities. To address this issue, we evaluated the pres-
ence of CAN defined by using CARTs and HRV assessed
by 24-h electrocardiography in a cohort of non-diabetic
Caucasian subjects.

Methods
Study population
The study population consisted of 88 non-diabetic out-
patients, participating to the Catanzaro Metabolic Risk
Factors Study (CATAMERIS) [19, 23-26]. The main
exclusion criteria were history or clinical evidence of cor-
onary, valvular heart disease, cardiac arrhythmia, hyper-
lipidemia, peripheral vascular disease, diabetes, chronic
gastrointestinal diseases associated with malabsorption,
chronic pancreatitis, history of any malignant disease,
history of autoimmune diseases, history of thyroid dis-
orders, liver or kidney failure, treatments able to modify
glucose metabolism, antihypertensive treatment with
beta-blockers. Patients with pathologies or taking medi-
cations capable of causing dysfunction in the autonomic
control of the cardiovascular system were excluded
from the study as well as subjects with body mass index
(BMI)>35 kg/m?>.

All subjects underwent to a detailed medical his-
tory recording and physical examination with collec-
tion of anthropometric parameters including BMI, waist
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circumference, and blood pressure values. All study
participants reported no significant reduction in body
weight within the three months before the visit, and to
perform little to no physical activity (less than 30 min
of aerobic activity such as walking or running per day).
After 12-h fasting, a biochemical characterization includ-
ing a 75 g OGTT with 0-, 30-, 60-, 90- and 120-minutes
sampling for plasma glucose and insulin was performed.
Subjects were classified as having NGT when fasting
plasma glucose (FPG) was <110 mg/dL (6.1 mmol/L)
and 2 h post-load glucose (2hPG) was <140 mg/dL (7.77
mmol/L), IGT if they had FPG<126 mg/dl and 2 h PG
140-199 mg/dl in accordance to World Health Organiza-
tion (WHO) criteria [31].

Participants with NGT were further subdivided into
two groups according to their 1 h PG during the OGTT.
Those with a 1 h PG equal or above 155 mg/dL (8.6
mmol/L) were labeled NGT 1 h-high; those with a 1 h PG
below 155 mg/dL were defined as NGT 1 h-low.

One week after OGTT, study participants underwent
to cardiac autonomic function evaluation as described
below.

The study was approved by the institutional ethics
committee of the university “Magna Graecia” of Catan-
zaro (approval code: 2012.63). Written informed con-
sent was obtained from each participant in accordance
with the principles of the Declaration of Helsinki. All the
investigations were performed according to principles of
the Declaration of Helsinki.

Recording of heart rate variability

Cardiac autonomic function was evaluated by HRV
parameters, obtained using time domain method accord-
ing to previous recommendations [15, 30]. The patients
were instructed to avoid exercise, smoking, alcohol and
caffeinated drinks one day before the test. All subjects
underwent ECG monitoring for 24 h by a three-channel
(Cardioline Clickholter ° five leads monitoring). Before
starting HRV monitoring via ECG we measured the heart
rate (HR) after 5 min of rest. During the test, subjects
were asked to perform the normal daily activities without
engaging in more physical activity than they had already
reported. We evaluated the following 24 h-HRV time
domain parameters, which have been found associated
with CAN [32-34]: the standard deviation of all normal
heart cycles (RR intervals) (SDNN), the standard devia-
tion of the average RR interval for each 5 min segment
(SDANN), root mean square of the difference of succes-
sive R-R intervals (RMSSD), the percentage of beats with
a consecutive R - R interval difference>50 ms (pNN50),
the Triangular index: Total number of RR intervals
divided by the height of the histogram of all RR intervals
measured on a discrete scale.
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Cardiac autonomic function evaluation

To assess the prevalence of CAN in the study population
we performed CARTs as suggested by Toronto Consen-
sus Conference [10, 11, 35, 36]. As reported in Sudo et
al. [36], the standard CARTs recommended for diagnosis
of CAN include: Heart rate response to deep inspiration
and expiration (3 inhale/exhale cycles with 6 breathing
cycles per minute rate (5 s inhale and 5 s exhale phases);
Heart rate response to Valsalva maneuver (exhal-
ing against 40 mmHg for 15 s); 30:15 ratio: heart rate
response upon standing up; Decrease in systolic blood
pressure upon standing up; Handgrip strength test: rise
in diastolic blood pressure upon sustained tension of
hand muscles. Diagnosis of CAN was defined as presence
of three abnormal results among the autonomic cardio-
vascular indices [35, 36].

Laboratory determinations

Glucose, triglycerides, and total and high-density
lipoprotein (HDL) cholesterol concentrations were
determined by enzymatic methods (Roche, Basel, Swit-
zerland). Plasma insulin concentration was measured
with a chemiluminescence-based assay (Immulite, Sie-
mens Healthcare Diagnostics Inc., Marburg, Germany).
Glycated haemoglobin (HbAlc) values were determined
by high performance liquid chromatography with a
National Glycohemoglobin Standardization Program
certified automated analyzer (Adams HA-8160 HbA1C
analyzer, Menarini, Italy).

Calculations

Insulin sensitivity was assessed by the Matsuda index
calculated as: 10,000/square root of [fasting glucose
(mmol/L) x fasting insulin (mU/L)] X [mean glucose x
mean insulin during OGTT] [37].

Statistical analysis

Variables with a skewed distribution (i.e., triglycerides,
fasting and post-laod insulin) were log-transformed to
meet the normality assumption for statistical purposes.
The results for the continuous variables are given as
means+SD. A general linear model with post hoc Fish-
er’s least significant difference correction was employed
to test pairwise differences in anthropometric and
cardio-metabolic parameters among the different glu-
cose tolerance groups. The chi-square test was used for
the comparisons of categorical variables. Relationships
between HRV related parameters, CAN prevalence and
clinical parameters were determined by Pearson’s corre-
lation coefficient or Spearman’s correlation coefficient for
categorical variables. A multivariable linear regression
analysis was carried out to test the independent relation-
ship between 1hPG levels and HRV parameters. More-
over, a multivariable logistic regression model was built
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to identify the independent contributors of CAN diag-
nosis. A p value<0.05 was considered statistically sig-
nificant. All statistical analyses were performed using the
statistical package SPSS 22.0 for Windows (SPSS, IBM,
Chicago, IL, USA).

Results

Of the 88 study participants, having a mean age and BMI
of 50+15 years and 27.6+4.0 kg/m? respectively, 57
had NGT and 31 had IGT. Individuals with NGT were
divided into two groups based on their 1hPG: 26 subjects
with 1hPG <155 mg/dl (NGT 1 h-low) and 31 individuals
with 1hPG>155 mg/dl (NGT 1 h-high). No differences
in term of sex and age were detected among the three
study groups, whereas subjects with NGT 1 h-high and
IGT presented higher BMI than those with NGT 1 h-low
(Table 1). Where available waist circumference measure-
ments were obtained as a marker of abdominal adiposity
(N=75; 93116, 103+16, 105+ 14, respectively for NGT
1 h-low, NGT 1 h-high and IGT). Subjects with NGT
1 h-high and IGT displayed higher waist circumference
(p=0.01) consistent with an higher BMI.

After adjusting for BMI, we found that subjects with
NGT 1 h-high and IGT displayed a worse metabolic pro-
file as compared to NGT 1 h-low group, having increased
levels of total cholesterol, triglycerides, HbAlc, FPG,
1hPG, 2hPG, fasting, 1 h and 2 h post-load insulin, and

Page 4 of 10

lower levels of HDL and insulin sensitivity estimated by
Matsuda index (Table 1). No significant difference in sys-
tolic and diastolic blood pressure, and HR was observed
between the study groups (Table 1).

Notably, we found that all the computed 24 h time
domain parameters of HVR such as SDNN, SDANN,
RMSSD, PNN50 and Triangular index were significantly
decreased in subjects with NGT 1 h-high and IGT as
compared to those with NGT 1 h-low (Table 2). Accord-
ingly, the proportion of subjects with CARTSs diagnosed
CAN was significantly higher amongst subjects hav-
ing NGT 1 h-high or IGT than those with NGT 1 h-low
(Table 2).

Next, in an attempt to identify clinical variables associ-
ated with cardiac autonomic dysfunction, we performed
univariate analyses. As shown in Table 3, both SDNN and
SDANN were inversely related with age, HbAlc, FPG,
1hPG, 1 h and 2 h post-load insulin levels, but not with
2hPG, and positively associated with insulin sensitiv-
ity assessed by Matsuda index. RMSSD was negatively
associated with BMI, diastolic blood pressure, total cho-
lesterol, 1hPG, 1 h and 2 h post-load insulin levels and
positively related with Matsuda index of insulin sensi-
tivity. We found that PNN50 was negatively associated
with total cholesterol, 1hPG, 1 h post-load insulin levels
and positively with Matsuda index of insulin sensitivity,
whereas Triangular index was inversely related with age,

Table 1 Anthropometric and metabolic characteristics of the study subjects stratified according to their glucose tolerance

Variables NGT 1 h-low NGT 1 h-high IGT P

(1) (2 (3)
Sex (Male/Female) 13/18 12/14 15/16 0.87
Age (yrs) 46+18 53+14 53+13 0.19
BMI (kg/mz) 258+39 287 £33 ## 281424 0.02
SBP (mmHag) 128+ 14 126+£10 129+15 0.75
DBP (mmHg) 7612 80+10 82+11 0.09
HR (bpm) 71£10 68+10 68+10 0.31
Total cholesterol (mg/dl) 163+31 190+26 # 180+38 0.03
HDL (mg/d) 51+14 53+14 50+14 0.44
Triglycerides (mg/d) 87+43 103+39 130+70 # 0.05
Fasting glucose (mg/dl) 87+7 89+5 937 ##§ 0.01
1-h post-load glucose (mg/d) 119423 180+ 23 ### 175+ 24 ## <0.0001
2-h post-load glucose (mg/d) 100+£19 120£17 #i## 165+ 13 #i#t# 88§ <0.0001
HbATc (%) 54+03 5.7+0.2 ### 5.8+0.3 #i#t# 0.001
Fasting insulin (uU/m) 11.0+5 14+7 17+8# 0.05
1-h post-load insulin (uU/mi) 80460 157 +61 #i# 133+60 # <0.02
2-h post-load insulin (uU/m) 50+37 11550 ##H 156+ 60 ### § <0.0001
Matsuda index 6.6+3.0 27+13# 1.8+0.7 ## 0.03

Data are means*SD. Triglycerides, HDL, fasting, 1-h and 2-h insulin were log transformed for statistical analysis, but values in the table represent back transformation
to the original scale. Categorical variables were compared by x* test. Comparisons between groups were performed using a general linear model. P values refer to

results after analyses with adjustment for BMI

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; NGT 1 h-low: normal glucose tolerance and 1-h post-load
glucose< 155 mg/dl; NGT 1 h-high: normal glucose tolerance and 1-h post-load glucose>155 mg/dl; IGT: impaired glucose tolerance; HbA1lc: glycated hemoglobin;

HDL: high density lipoprotein
#P<0.05 vs. NGT 1 h-low; ##P<0.01 vs. NGT 1 h-low; ###P<0.001 vs. NGT 1 h-low
§P<0.05 vs. NGT 1 h-high; §§8P<0.001 vs. NGT 1 h-high
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Table 2 HRV parameters and CAN prevalence in the study
subjects stratified according to their glucose tolerance

Variables NGT NGT IGT P
1 h-low 1 h-high (3)
(1) (2)
SDNN 112+24 O3 +£12 #i## 9611 ## 0.001
SDANN 9834225 83.0+135## 83.1+12.1 0.002
##
RMSSD 4121242 260£200## 264+113 0.02
#
PNN50 150+132 53+50## 062+52# 0.02
Triangular Index 29.7+78  220+84### 260+414 0001
Presence of CAN 9(29) 22 (84.6) 18 (58.1) <0.0001
n. (%)

Data are means+SD. Categorical variables were compared by ¥* test.
Comparisons between groups were performed using a general linear model. P
values refer to results after analyses with adjustment for BMI

NGT 1 h-low: normal glucose tolerance and 1-h post-load glucose< 155 mg/dl;
NGT 1 h-high: normal glucose tolerance and 1-h post-load glucose >155 mg/dl;
IGT: impaired glucose tolerance; CAN: cardiac autonomic neuropathy defined
by cardiovascular autonomic reflex tests; SDNN: standard deviation of all
normal heart cycle, SDANN: standard deviation of the average RR interval for
each 5 min segment; RMSSD: root mean square of the difference of successive
R-R intervals; PNN50: percentage of beats with a consecutive RR interval
difference>50 ms

#P<0.05vs.NGT 1 h-low; ##P<0.01 vs. NGT 1 h-low; ###P<0.001 vs. NGT 1 h-low

HR, triglycerides, HbAlc, 1hPG and 1 h post-load insulin
but not with 2hPG. Moreover, we observed that presence
of CARTs defined CAN was associated with age, HR,
HbAlc, 1hPG, 1 h and 2 h post-load insulin levels and
lower insulin sensitivity, but not with 2hPG (Table 3).

Furthermore, we carried out multivariate regression
analyses in order to explore whether 1hPG was an inde-
pendent predictor of cardiac autonomic dysfunction
(Table 4). In a linear regression model including gender,
age, BMI, HbAlc, FPG and 1hPG, we found that 1hPG
was the strongest determinant of SDNN and SDANN.
This result was retained even when waist circumference
replaced BMI in the model (data not shown). Similar
results were found when 2hPG levels were inserted in the
model (p=-0.43, P=0.007 for SDNN, p=-0.44, P=0.006
for SDANN) (Table 4).

In a linear regression model including gender, age,
BMI, blood pressure, lipid profile, HbAlc, fasting and
1 h PG, we found that 1hPG was an independent predic-
tor of RMSSD. The independent relationship between
RMSSD and 1hPG was retained even when BMI was
replaced by waist circumference in the model, and also
when 2hPG was added in the model (=-0.33, P=0.045)
(Table 4). Additionally, 1hPG levels were an indepen-
dent contributor of Triangular index in a linear regres-
sion model including age, gender, BMI, HR, lipid profile,
HbAlc, fasting and 1 h PG (Table 4). Similar results were
found when BMI was replaced by waist circumference in
the model. When 2hPG were added in the model, 1hPG
value remained to be independently associated with Tri-
angular index (p=-0.46, P=0.004) (Table 4). Conversely,
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no independent relationship was observed between
1hPG and PNN50 (Table 4).

Moreover, in a logistic regression model including age,
gender, BMI, HR, HbAlc, FPG, 1hPG and 2hPG, we
found that age and 1hPG values were independent con-
tributor of CARTs defined presence of CAN (Table 5).
We found a positive association between higher levels
of 1hPG and increased risk of CAN even when waist cir-
cumference replaced BMI in the model (data not shown).

Discussion

Several studies have demonstrated the association
between cardiac autonomic dysfunction and disorders
associated with insulin resistance, including obesity,
metabolic syndrome, prediabetes, and T2DM [12, 16,
32, 38-40]. It has been postulated that several mecha-
nisms, which are not completely understood, contrib-
ute to cardiac autonomic dysfunction, including aging,
insulin resistance, and the consequent hyperinsulinemia
and hyperglycemia [3, 4, 32, 40]. Indeed, both hyperin-
sulinemia and hyperglycemia have been found to directly
cause sympathetic excitation, through peripheral and
central mechanisms [41, 42], thus leading to an auto-
nomic imbalance toward a sympathetic predominance,
which in turn may contribute to increase, on the one
hand, the risk of insulin resistance and glucose tolerance,
and on the other hand, the risk of ventricular arrhyth-
mias and cardiovascular events.

It is now widely recognized that subjects with NGT
1 h-high are characterized by skeletal muscle insulin
resistance, as confirmed by observations from hyperin-
sulinemic euglycemic clamp studies and OGTT-derived
indexes of insulin sensitivity and reduced insulin clear-
ance; all these factors lead to sustained hyperinsulinemia
after an oral glucose load [18, 19, 22].

Moreover, it has been demonstrated that individuals
with NGT 1 h-high show an unfavorable cardiovascular
risk profile and organ damage [18, 22—26]. Furthermore,
a recent retrospective study conducted on an elderly
Chinese population has demonstrated that subjects with
higher levels of 1hPG have a significant increase in CVD
risk and all-cause mortality regardless of the onset of dia-
betes at follow-up [43].

Based on this evidence, our aim was to investigate
whether subjects with NGT 1 h-high have autonomic
cardiac dysfunction as well as those with IGT and to
evaluate whether early post-prandial elevation of glu-
cose levels provide an independent contribution to HRV
parameters.

We have found, in line with prior studies [18, 19, 22],
that subjects with NGT 1 h-high and IGT show a worse
cardiometabolic profile than those with NGT 1 h-low,
with increased abdominal adiposity, fasting and post-
load glucose and insulin levels, an unfavorable lipid
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Table 4 Multiple linear regression analysis with HRV parameters as dependent variables
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Variables SDNN SDANN RMSSD PNN50 Triangular Index
Standard- P Standard- P Standard- P Standard- P Standard- P
ized Coef- ized Coef- ized Coef- ized Coef- ized Coef-
ficient B ficient B ficient ficient ficient B

Model 1

Gender (Male/Female) 0.12 0.31 0.14 0.22 0.01 0.94 0.02 091 001 091

Age (yrs) -0.12 0.36 —0.11 0.36 033 0.06 0.12 037 -0.09 0.53

BMI (kg/m?) 0.07 095 0.06 0.62 —-0.08 0.54 -0.04 078 017 0.20

HR (bpm) - - - - - - - - 0.09 047

SBP (mmHg) - - - - -0.26 0.09 - - - -

DBP (mmHg) - - - - -0.17 0.20 - - - -

Total cholesterol (mg/d) - - - - -0.19 0.20 -0.27 0.08 0.5 0.73

HDL (mg/d) - - - - -0.15 036 -0.13 045 -0.01 0.89

Triglycerides (mg/dil) - - - - 0.01 0.95 —-0.08 067 -0.24 0.17

HbA1c (%) 0.16 0.27 0.09 0.54 —0.06 0.70 —0.05 078 —0.06 0.69

Fasting glucose (mg/dl) -0.26 0.04 022 0.09 -0.11 042 -0.08 061 -0.07 0.58

1-h post-load glucose (mg/d) -0.41 0.003 -0.42 0.003 -0.29 0.05 -0.10 057 -0.37 0.01

Model 2: Model 1+2 h post-

load glucose

Fasting glucose (mg/dl) -0.27 0.05 -0.22 0.09 -0.12 0.38 -0.10 051 =012 0.39

1-h post-load glucose (mg/dl) -0.43 0.007 -0.44 0.006 -0.33 0.045 -0.19 027 —0.046 0.004

2 h post-load glucose (mg/d) 0.03 0.85 0.04 0.78 0.09 045 0.21 019 022 0.14

BMI: body mass index; HbA1lc: glycated hemoglobin; HDL: high density lipoprotein; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure. Data

shown in bold are statistically significant.

Table 5 Logistic regression analysis of the association between
clinical parameters and risk of CAN

Variables Presence of CAN
OR 95%Cl P

Gender (Male/Female) 0.20 0.03-1.27 033
Age (yrs) 1.14 1.04-1.24 0.003
BMI (kg/m?) 117 0.95-1.46 0.35
HR (bpm) 0.98 091-1.06 0.74
HbA1c (%) 003 0.001-1.12 0.06
Fasting glucose (mg/dl) 0.94 0.82-1.07 0.34
1-h post-load glucose (mg/d) 1.07 1.03-1.12 0.001
2-h post-load glucose (mg/d)) 0.98 0.96-1.02 0.38

Data shown in bold are statistically significant.

profile and a lower insulin sensitivity. Interestingly, after
adjusting for BMI, we observed a significant reduction in
HRYV parameters in both subjects with NGT 1 h-high and
IGT as compared to NGT 1 h-low group. These data are
relevant, especially in terms of SDNN, which is a com-
monly used parameter to evaluate HRV, especially in
patients with diabetic neuropathy; furthermore, SDNN is
able to predict worse cardiovascular outcomes in patients
with dysglycemia [44]. Accordingly, when we assessed
the presence of CAN by using CARTS, we observed that
subjects with NGT 1 h-high as well as those with IGT
were more likely to have CAN than those with NGT
1 h-low. Moreover, by performing univariate analysis,
we found that elevated 1hPG levels were associated with
a decrease in all of the assessed HRV time domain mea-
sures and with diagnosis of CAN defined by CARTs. We

also found that other glucose parameters such FPG and
HbAlc, but not 2PG values, were associated with HVR
measures (i.e. SDNN, SDANN, and triangular index) and
the presence of CAN (only for HbAlc). By performing
multiple regression analysis, we demonstrated that 1hPG
contribute to HRV changes and to predict the presence
of CAN independently of adiposity measures (BMI or
waist circumference) and HbAlc, FPG and 2hPG. These
results support the pathogenic role of early post-prandial
elevation of glucose levels in affecting cardiac autonomic
balance. This view is also supported by the evidence that
acute hyperglycemia with an octreotide-induced sup-
pression of insulin secretion may directly trigger sym-
pathetic activity in euglycemic subjects [42]. Moreover,
preclinical studies have demonstrated that exposure to
high glucose levels may activate several pathways with
deleterious effects on neuronal cells, including oxidative
stress, mitochondrial dysfunction, polyol and AGEs path-
ways, which in turn may affect cardiac autonomic func-
tion [3, 4]. On the other hand, taking into account the
negative association between 1 h post-load insulin lev-
els and the HVR measures, and the positive relationship
between insulin sensitivity estimated using the Matsuda
index and cardiac autonomic function, we cannot exclude
that the relationship between 1 h post-load hyperglyce-
mia and cardiac autonomic dysfunction is mediated, at
least in part, by elevation of post-prandial insulin levels
and insulin resistance, which are mutually related and
found to promote a shift of autonomic balance towards
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increased sympathetic regulation of the heart [13, 32,
41, 45]. In agreement with the view that both hypergly-
cemia and hyperinsulinemia/insulin resistance contrib-
ute to increase the adrenergic burden, Rodrigues S et al.
reported a higher muscle sympathetic nerve activity in
subjects with metabolic syndrome, particularly in those
with elevated plasma glucose levels [45].

From a purely clinical point of view, our data show a
higher prevalence of cardiac autonomic dysfunction
amongst subjects with NGT 1 h-high and IGT, thus sup-
porting the importance of early diagnosis of CAN in
individuals with prediabetes who are characterized by
elevated post-load glucose levels, in order to minimize
the cardiovascular risk in non-diabetic patients.

However, caution is needed in interpreting results. In
an attempt to obtain a well-characterized study popula-
tion free of confounding factors or other causes of car-
diac autonomic dysfunction (i.e., history or clinical
evidence of coronary heart disease, cardiac arrhythmia,
any malignant disease, autoimmune diseases, thyroid
disorders, hepatic or renal insufficiency, treatments
capable of modifying glucose metabolism), we enrolled
a small number of subjects in our study. All participants
were Caucasian which is why it is not possible to apply
our findings to other racial and ethnic groups. Another
limitation of our study is that participants underwent a
single 75 g OGTT to assess glucose tolerance. Although
this approach is common both in clinical practice and in
epidemiological studies, it was not possible to evaluate
the intra-individual variability of 1hPG and 2hPG, thus
possibly leading to some inaccuracies in the classifica-
tion of the recruited participants into groups of glucose
tolerance. Subjects with NGT 1 h-high and IGT were
older (although not significantly) and had higher val-
ues of BMI than NGT 1 h-low group. Even if statistical
analyses were adjusted for these confounders we cannot
firmly exclude their effects on the reported findings. No
quantitative data regarding physical activity and body
composition was recorded. However, given the sedentary
life style reported by our study participants it is plausible
that the low physical activity had a negligible effect on
our results. Furthermore, we recruited participants in a
referral university hospital; therefore, our findings cannot
be extended to the general population. Finally, the cross-
sectional design of the study reflects only an association
of 1hPG with cardiac autonomic dysfunction and pre-
vents us from drawing any conclusions about the causal
relationship between dysglycemia and the development
of CAN in non-diabetic patients. This first report on the
topic should be considered hypothesis generating: pro-
spective studies are needed to determine whether early
postprandial hyperglycemia contributes to determining
cardiac autonomic dysfunction. Moreover, future investi-
gations are warranted to investigate the effects of weight
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loss and/or glucose lowering interventions on cardiac
autonomic dysfunction.

Conclusions

In conclusion, our results demonstrate that elevated
levels of 1hPG may identify, amongst NGT subjects,
those with an impairment of cardiac autonomic func-
tion similar to that observed in patients with IGT. Our
findings are consistent with the proposal to include the
1hPG =155 mg/dl to the current OGTT based criteria for
the diagnosis of prediabetes [22], in order to identify a
subgroup of subjects with normal levels of FPG and 2hPG
who display an unfavorable cardiometabolic profile,
with an increased risk of cardiovascular organ damage,
including CAN. Due to the considerable socioeconomic
burden associated with the development of cardiovas-
cular clinical manifestations of decompensated T2DM,
the implementation of a more sensitive strategy for early
identification of high-risk subjects could be important to
reduce the increasing prevalence of complications of dys-
glycemia and bring benefits to global health.
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