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What is already known ABSTRACT

on this topic?
Objective: Autonomic nervous system is involved in many disorders, and changes in its modu-

e Autonomic nervous system s lation are the known risk factors for cardiovascular diseases. Its role in metabolic disarrange-
recognized to be one of the ments in children at high cardio-metabolic risk is not known. Aim of the study is to analyze the
main modulators of the stress relation between clinical-metabolic parameters and autonomic nervous system in children.

response, and its balance may
influence various metabolic
functions but its role in caus-
ing metabolic alterations has
not been sufficiently studied in

Materials and Methods: Children affected by type 1 diabetes (group 1), obesity (group 2), and
control group (group 3) were enrolled. Autonomic nervous system functionality was assessed
with dynamic tests (The Expiration to Inspiration indexes—E/| delta and ratio, 30:15 Ratio Test,
Systolic blood pressure response to standing—deltaPA), and ultrasonography was performed

children.
to evaluate Intima Media Thickness (cIMT). Clinical parameters were recorded.
What this s‘I‘udy adds Results: The study popultaion had a total of 75 children with mean age of 12.5 + 2.8 years:
on this 1'opic? 26 in group 1, 28 in group 2, 21 in group 3. Obese children had higher cIMT z-score (P < .001).
Diabetic patients had lower El delta values (P < .001) and 30:15 ratio test (P = .01). There was an
» Modification pattern in auto- inverse correlation between E/| delta and microalbuminuria levels (rho —0.955, P < .001) and

nomic nervous system func-
tionality seemed to be involved
in children affected by type
1 diabetes and obesity; so,
monitoring early signs of auto-
nomic nervous system imbal-

30:15 ratio test and microalbuminuria (rho —0.936, P < .001) in group 1, even after adjustment
for age. DeltaPA was higher in obese (P = .032) and correlated with BMI z-score and homeo-
static model assessment.

Conclusion: Our results highlight imbalances in sutonomic nervous system function in chil-

ance could have a predictive dren at high metabolic risk, in particular with involvement of parasympathetic function in type
role on cardiometabolic risk in 1 Diabetes Mellitus and sympathetic one in obesity. An early screening could lead to a prompt
pediatric population. identification of these alterations and could have a predictive role on cardio-metabolic risk.
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INTRODUCTION

The autonomic nervous system (ANS), a functional part of the peripheral nervous system,
regulates several physiologic processes, including cardiovascular, respiratory, digestive, uri-
nary, and reproductive functions.' ANS is characterized by 3 anatomically separated sections:
sympathetic, parasympathetic, and enteric. The efferent and afferent fibers of sympathetic
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balance of such activity may influence various metabolic func-
tions.? Recent reports have shown that a long-term increase in
stress response, causing increased sympathetic and decreased
parasympathetic activity due to ANS disbalance, contributes to
the development of disorders associated to high cardio-met-
abolic risk, including obesity, insulin resistance, dyslipidemia,
diabetes, and hypertension.® These pathological conditions
could be further complicated by a secondary impairment of
ANS, causing an important worsening of their clinical features
and further comorbidities.® In adults, an increased sympathetic
activity, alongside a decreased parasympathetic activity, was
found to be frequently associated with a higher prevalence of
metabolic syndrome and its individual elements, recognized
risk factors for cardiovascular disease.” Various reports showed
that ANS dysregulation was predictive of metabolic abnormali-
ties.® Moreover, diabetic neuropathy is a complication of type
1 and type 2 diabetes, and various studies emphasized that
first signs of autonomic dysfunction can occur very early and in
some cases at the diagnosis of diabetes. A significant number
of type 1 and type 2 diabetic patients, 6% and 8%, respectively,
may show alterations in cardiovascular tests or other indices of
autonomic function at the onset.®"

It is known that early in childhood, high levels of chronic stress
may harm the development of the brain and can affect meta-
bolic and endocrine systems.® However, the effects of ANS dis-
balance and its role in causing metabolic alterations has not
been sufficiently studied in children. In particular, data on ANS
function in children affected by pathologic conditions exposing
patients to high risk of cardio-metabolic disorders are scarce.
We studied the autonomic functionality in children affected by
type 1 diabetes mellitus (IDM) and obesity, clinical conditions at
high cardio-metabolic risk, with the aim to investigate the rela-
tion between some of the main clinical-metabolic parameters
and their role in early identification of ANS imbalances.

MATERIALS AND METHODS

Caucasian children and adolescents, aged 5-18 years, were
subsequently enrolled between July and October 2019 at our
Pediatric Department.

Subjects were divided into 3 study groups according to the fol-
lowing inclusion criteria:

Group 1: subjects with confirmed diagnosis of 1IDM (dura-
tion > 2 years) according to ISPAD guidelines™;

Group 2: subjects with diagnosis of overweight/obesity accord-
ing to the CDC growth charts';

Group 3: control population, including subjects with normal
weight, admitted for recurrent abdominal pain or re-evalua-
tion after hospitalization due to an acute event. They showed
conditions not related to diabetes, obesity, or any metabolic or
other disorder involving cardiovascular risk.

Exclusion criteria were age < 5 years or >18 years, acute or
chronic conditions (except for 1IDM in group 1 and obesity in
group 2), genetic disorders, arrhythmias, vagotonia with an
history of vaso-vagal syncope, secondary obesity, under-
weight patients, and use of drugs (except for insulin in group 1).

Familiarity for cardiovascular diseases in first-degree relatives
was recorded. The duration of illness and the onset of ketaci-
dosis were also recorded for diabetic subject. Complete auxo-
logical and clinical evaluation were performed in accordance
with standardized procedures.®

Routine laboratory data were collected. Furthermore, micro-
albuminuria and creatininuria were recorded in group
1 and HbAIc in groups 1 and 2. Alumin Creatinine ratfio (ACR,
mg/g) was also calculated in group 1.*

Basal Insulin levels were measured, after fasting, and
Homeostasis model assessment of insulin resistance (HOMA
index) was calculated in group 2."°

The study followed the requirements of the International
Conference on Harmonization Good Clinical Practice and
respected the principles outlined by the Declaration of Helsinki
on the Ethical Principles for Medical Research Involving
Human Subjects. The study was approved by the Independent
Ethic Committee for Developmental Medicine of the Medical
School of the University of Foggia for studies performed in sub-
jects < 18 years of age (Ethics Committee approval number:
Prot. n. MSHSCRC_19/1) and by the Ethics Committee of the
European Paediatric Association, Union of National Paediatric
Societies and Associations (Ethics Committee approval num-
ber: Prot. n.1-Apr.04/2019-EPA). Written informed consent to
the study was obtained by the parents or caregivers for the
participation of children in the study.

Ultrasonography

Carotid Infima-Media Thickness (cIMT) was assessed for each
vascular sector according to Consensus Statement from the
American Society of Echocardiography—Carotid Intima-Media
Thickness Task Force Citeria, by a single operator in B-mode
HD mode with a 7.5 Mhz Esaote My Lab 30 gold linear probe.’
Mean values were recorded and cIMT z-score was calculated”
(Figures 1and 2).

The ankle-brachial-index measurements (ABI) were per-
formed after a 20-minute rest in supine position using a stan-
dard sphygmomanometer with suitable bracelets size and a
7.5 MHz linear probe (Esaote My Lab 30 gold) by a single quali-
fied operator. Each brachial artery, dorsal artery of the foot,
posterior tibial artery at right and left sides were examined. ABI
was calculated according to the American Heart Association
Criteria.>®

Autonomic Function

Autonomic function was evaluated by a single operator using

the following tests:

- The Expiration to Inspiration Indexes (E/I): the heart rate
response to respiration was evaluated according to the
guidelines of the American Diabetes Association and the
American Academy of Neurology of 2005.®° The beat-to-
beat variation (RR variation) with deep breathing was
obtained by calculating the ratio between the average of the
3 longest RR intervals in exhalation and the average of the 3
shortest RR intervals during inspiration (E/I ratio, Figure 3):

E/IRatio: longest RR interval (expiration)

shortest RRinterval (inspiration )
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Figure 1. Longitudinal scan of the internal carotid at the bulb level for the measurement of cIMT.

o An E/ratio > 1.21 is considered to be normal in this group of . RRinterval at 30th beat

age.?® 30:15ratio: -

RR intrval at 15th beat

e The difference in heart rate was, however, calculated by

measuring the delta between the average of the 3 highest -  Systolic Blood Pressure Response to Standing (deltaPA): a

frequencies and the average of the 3 lowest frequencies. first measurement of systolic pressure has been performed
o E/Delta: longest RR interval (expiration) — shortest RR inter- with the patient in a sitting position.”? Subsequently, the

val (inspiration) subject was placed in a supine position for at least 5 minutes,
o Adifference of > 21 bpm (E/I delta) is normal.®* then 3 successive blood pressure measurements were per-
« The 30:15 Ratio Test was performed according to the guide- formed at 1 minute intervals until stable values were found.

Thereafter, the subject was asked to stand up as quickly as
possible, if necessary with assistance, and 2 measurements
were taken, respectively, after 60 and 120 seconds of ortho-
statism. The deltaPA was recorded considering the differ-
ence between the last of systolic pressure value measured
in supine position and the lowest of orthostatic position’s
one and values <20 mmHg are considered normal.?

lines of the American Diabetes Association and the American
Academy of Neurology of 2005.” This is an alternative, less
common, parasympathetic function test. During ECG monitor-
ing, the RR interval is measured at beats 15 and 30 after active
standing. The test results are expressed by the ratio between
the value of the longest RR interval (nadir), measured between
25° and 35°, with the value of the shortest RR interval, mea-
sured between 10° and the 20° beat after standing. The ECG  Statistical Analysis

traces were assessed with ECG-1000 ECG analysis software  Results are expressed as mean + standard deviation (95%

for ECG Biocare. Normal value are considered > 1.152°: confidence interval, Cl) for contfinuous variables, and as

GENM G -
D 52mm  XVIM +711
PRC 11/212l6 PRS 0

Figure 2. Distal wall of the vessel perfectly horizontal, cIMT evaluation at the end of diastolic phase at carotid bulb level.
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Figure 3.  Expiration to inspiration indexes: heart rate varies in relation to breathing, presenting an increase of heart beat during inspiration (Insp) and

a decrease of heart beat during expiration (Exp). This phenomenon is controlled by parasympathetic nervous system. Beat-to-beat variation (R-R

relative frequencies for categorical and discrete variables. The
Shapiro-Wilk test was used to evaluate data distribution. Data
were analyzed by Student t-test, ANOVA, Mann-Whitney U-tfest,
Kruskal Wallis for continuous variables, and chi-square test for
categorical ones, according to their distribution. Bonferroni test
and pairwise comparison according to Dunn-Bonferroni post
hoc method were applied for multiple simultaneous compari-
sons, as appropriate. Spearman’s rank or Pearson’s correlation
were performed to evaluate the association between vari-
ables: correlation coefficient was used to measure effect size.?
Partial correlations were also executed. A Simple linear regres-
sion analysis was designed to analyze the predictive capacity
of E/I test (variable x) on microalbuminuria levels (variable y),
variables used met the assumption. P value < .05 were con-
sidered significant (2-sided level). The Statistical Package for
Social Sciences version 22.0 software (IBM Corp.; Armonk, NY,
USA).

RESULTS

The study population consisted of 75 children, mean age of 12.5
+ 2.8 years (Cl 95% 11.9-13.2), 44 females and 31 males. The
description of the three groups is reported in Table 1.

Cardio Metabolic Risk

Mean cIMT z-score was 0.7 +1.5: 0.5 + 1.2 ingroup 1, 1.7 + 1.3 in
group 2, and - 0.33 + 1.3 in group 3. Obese children had cIMT
z-score statistically higher than group 1 (P = .002) and group
3 (P < .001). Median ABI value was 1.04 (IQR 1-1.06) in over-
all population: 1.02 (IQR 1-1.07) in diabetic children, 1.04 (IQR
1-1.06) in obese, 1 (IQR 1-1.105) in normal weight (P = .834). No
pathological values were recorded.

Mean systolic z-score blood pressure was 0.28 + 0.97 mmHg:
obese patients had higher values than group 1 (P < .001) and
group 3 (P < .001). Median diastolic z-score blood pressure

Table 1. Study Population: Type 1 Diabetes Mellitus (Group 1),
Obese Children (Group 2), and Controls (Group 3)

Subjects Males/Females | Age (Mean + SD) | BMI z-Score
Group 1 10/16 12.3+3 0.68 + 0.7
Group 2 13/15 125 +2.7 2.1+ 0.417
Group 3 8/13 128 +2.7 0.06 + 0.7%
Total 31/44 125 +2.8 1.04 +1.06

*P <.001; P =.004.

values were 0.35 mmHg (IQR -0.15-0.82). No differences were
recorded between the three groups (P = .325) (Table 2).

Cardio-vascular familiarity risk showed no statistical differ-
ence in the three groups.

E/I Delta Test: The mean E/| delta was 39.4 + 8.99 bpm
(range 22.34-58.08 bpm) in total population. No pathologi-
cal values were recorded (i.e., <21 bpm). In group 1, mean E/I
delta value was 34.22 + 8.4 bpm: it was significantly lower
than group 2 (P = .009) and group 3 (P = .001) (Table 3).
No association was found between E/| delta values and BMI
z-score, systolic and diastolic z-score, and cIMT z-score in
overall population.

Table 2. Z-Score Values of Systolic and Diastolic Blood Pressure

z-Score SBP
Subjects (Mean + SD) z-Score DBP (Median and IQR)
Group 1 0.06 + 0.8% 0.3 (=0.19-0.85)%
Group 2 0.8 +1.07" 0.4 (~0.02-0.97)*
Group 3 —0.13 + 0.6% 0.03 (—0.2-0.74)*"
Total 0.28 + 0.97 0.35(—0.15-0.82)

SBP, systolic blood pressure; DBP, diastolic blood pressure.
z-Score SBP (Mean + SD): *P =.09; P =1; °P = .001; z-Score DBP (Median and
IQR): #&"P > .05.
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Table 3. E/I Delta, El Ratio, and 30:15 Ratio Test in Type 1
Diabetes Mellitus (Group 1) and Obese (Group 2) Children, and
Controls (Group 3)

E/I Delta E/I Ratio E/I Ratio | 30:15 Ratio
Subjects | (Mean + SD) | (Mean + SD) | (Range) | (Mean + SD)
Group1 |34.22 +8.4° 1.39+0.1%& | 1.22-1.59 | 1.3 +0.1%
Group 2 411 + 8.1*° 1.4 + 0.1% | 1.27-1.62 1.4 £ 0.1%
Group 3 43.6 + 7.9% 1.49 + 0.1¥" | 1.35-1.72 1.5 + 0.1
Total 39.4 +8.99 1.44 + 0.1 1.22-1.72 1.4 +£0.12

E/| Delta (mean =+ SD): *for comparison between group 1 and 2, P = .009; $for
comparison between group 1and group 2, P = .001; *for comparison between
group 2 and 3, P =.870; E/I Ratio (mean + SD): *P = .058; P =.002; "P = .578;
30:15 Ratio (mean + SD); “for comparison between group 1 and group 2,

P = .071; °for comparison between group 1 and 3, P = .003; “for comparison
between group 2 and 3, P = .548.

Spearman’s correlation between E/I delta and HbAlc (groups
1 and 2) was significant (rho: —0.405, P = .004). In group 1, a
strong inverse association was found between E/| delta and
microalbuminuria (rho: -0.955, P < .001), even after adjust-
ment for age (rho: -0.643, P=.001) and for HbAlc (rho: -0.620,
P = .001) (Figure 4). The same relation was observed between
E/I delta and ACR (rho: -0.652, P = .01), but not between ACR
and HbAlc (P = .432). No relation was observed between E/I
delta and 1DM duration (P = .368) or onset with KAD (P = .68).

Simple linear regression analysis, in group 1, confirmed that
E/I delta was predictive for microalbuminuria (F(1,23) = 15.132,
P =.001; with R% 0.397, standardized 0.371, beta -0.63).

E/I ratio: Mean E/| ratio was 1.44 + 0.1 (range 1.22-1.72),
although no subjects analyzed presented pathological val-
ues (<1.21), a diabetic girl had E/I ratio of 1.22. The E/I ratio
values are described in Table 3. Comparison between groups

showed a statistical significance between mean E/I ratio in
group 1 versus group 3 (P =.002). An inverse association was
found between E /I ratio and HbAlc (rho: -0.374, P = .008) in
diabetic and obese. In group 1, there was a strong association
with microalbuminuria values (rho: -0.915, P < .001), even after
adjustment for age (rho = -0.636, P =.001), HbAlc (rho: -0.617,
P =.001) and ACR (rho: -0.594, P =.005).

The 30:15 ratio test: Mean 30:15 ratio test value was 1.41 + 0.12 in
overall population: group 1 had statistically lower values versus
group 3 (Table 3). A pathological test (value 1.13) was observed
in a diabetic girl. Correlation analysis highlighted an associa-
tion between the 30 : 15 ratio test and HbAlc (groups 1 and 2)
(rho: -0.371, P = .009) and 30:15 ratio test and microalbumin-
uria (rho: -0.936, P < .001) in group 1, even after adjustment for
age (rho = -0.643, P=.001), HbAlc (rho: -0.647, P=.001), and
ACR (rho = -0.650, P = .001).

Systolic Blood Pressure Response to Standing—DeltaPA:
Median deltaPA value was 5 mmHg (IQR 3-9): 5.0 (IQR 3-7) in
diabetic subjects, 7.5 (IQR 4-10.7) in obese and 3.0 (IQR 1.5-
6.5) mmHg in normal weight patients (P=.032). None had path-
ological values, but the highest value (17 mmHg) was recorded
in an obese patient. A significant correlation was observed
between deltaPA and BMIz-score (rho: 0.314, P = .006), sys-
tolic blood pressure z-score (rho: 0.401, P <.001), cIMT z-score
(rho: 0.315, P = .006) in overall population. In group 2, del-
taPA showed a significant correlation with HOMA (rho: 0.667,
P =.001), and fasting insulinemia (rho: 0.698, P < .001).

DISCUSSION

Cardiovascular diseases are the main cause of death world-
wide. The pathogenic mechanisms related to cardiovascular
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Figure 4. Scatter plot: correlation of microalbuminuria and E/I delta test (bpm) in diabetic patients.
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risk develop early in childhood, and diabetes and obesity are
pathological conditions most frequently associated with cardio-
vascular risk.?* Obesity and diabetes are recognized as dysmet-
abolic processes involved in the pathogenesis of atherosclerosis
in childhood.? In recent years, increasing reports have empha-
sized the role played by imbalances of ANS as a cause of car-
diometabolic risk.?® ANS is one of the main mediators of stress
response and of the homeostasis of various systems. Sympathetic
hypertonus contributes to hypertension, dyslipidemias, visceral
obesity, and insulin resistance,” while depressed sympathetic
activity, shown by subjects with advanced dysautonomic dia-
betic neuropathy, is strongly associated with risk of sudden
cardiac death,?® myocardial infarction due to early coronary
damage,” and ischemic stroke.*® Parasympathetic hypertonia is
also associated with common syncopal events in childhood and
adolescence.® Furthermore, a vagal hypotone has been associ-
ated with serious arrhythmic events and myocardial infarction,??
and the dysregulation of sympathetic and parasympathetic
systems has been described to cause hypoglycemia unaware-
ness.® Taken together, these observations emphasize the role of
an imbalanced autonomic nervous system in the development of
various disorders associated to cardiometabolic risk. Our data
show that the average values of E/I indexes in diabetic children
were significantly lower compared to controls, with no relation to
the duration of the disease. Our results also indicate an inverse
association of HbAlc levels in diabetic and obese patients, and
a strong association with the levels of microalbuminuria in dia-
betic patients, which data confirm the importance to properly
manage blood sugar levels in order to reduce the risk of evolu-
tion towards full-blown diabetic neuropathy.

The data shown by the 30:15 ratio test in diabetic and in obese
subjects were comparable to the other test performed, as the
values were significantly lower than in the control group and
also showed an inverse correlation with HbAlc. Taken together,
these results suggest that the afferent pathways are normal,
while the initial imbalance involves the vagal efferent branch.

Most notably our results show an inverse correlation between
microalbuminuria values and E/I tests, microalbuminuria, and
30:15 ratio test. The same relation was observed using ACR. To
the best of our knowledge, these data has not been previously
described. The role of ANS in the etiology and progression of
renal damage has been described in patients with pure dysau-
tonomia** and in Shy Drager Syndrome.* These conditions are
characterized by an impairment of the ANS due to hyperglyce-
mia and a recent study showed a faster progression toward the
state of chronic renal failure in diabetic guinea pigs with renal
denervation.* In these conditions, the relative hypertonicity of
the sympathetic system would determine an increased glomer-
ular flow due to hyperfiltration resulting in microalbuminuria.
In the long term, this process could result in proteinuria, leading
to nephrotic syndrome and chronic renal failure. Although our
data need to be confirmed by further studies including a larger
number of subjects, they suggest that microalbuminuria could
be considered a marker of autonomic dysfunction.

Systolic blood pressure response to standing test showed sig-
nificantly higher values in obese subjects compared to con-
trols. However, obese patients had also higher blood pressure
values than control in supine position. This particular trend of

systolic blood pressure, which tends to be higher in supine posi-
tion and decrease in orthostatic position, mimics the peculiar
characteristics of the Hyper-Hypo syndrome.? In our group of
obese patients, the greatest variations of pressure compared
to control group indicate a defective pressure adaptation to
postural changes, and it could be an early sign of baroreceptor
dysfunction.?® To this regard, our results suggest that in obese
subjects, there is a partial impairment of the reflex mediated
by the carotid baroreceptors, causing a defective blood pres-
sure response, leading to lower blood pressure compensation
in supine and in orthostatic position.’” This possibility is further
supported by the direct correlation between HOMA index and
the deltaPA found in the patients studied, as a marked dysfunc-
tion of the carotid baroreceptors is typically described as insu-
lin resistance.®” Obese children also showed increased cIMT,
which alteration affect the arterial tract where the barorecep-
tors are located, causing a reduced receptor sensitivity. This
mechanism is considered one of the main pathogenic factors in
idiopathic and secondary hypertension in the adult,*® but it has
never been described in children.

In diabetic patients, our results also show a greater imbalance
of the parasympathetic function compared to the sympathetic,
while obese show the opposite evidence. These data suggest
that parasympathetic dysfunction may be considered an early
complication of diabetes, which could accelerate renal injury
and expose to cardiovascular accidents independently of other
risk factors.

Finally, the reduced sensitivity of the carotid reflex, due to an
increase in cIMT and HOMA index, could be considered respon-
sible for the results documented by the autonomic function
tests in the obese children studied, as described by previous
reports in adult obese.* Our results confirm that imbalances
of this delicate mechanism begin already during the develop-
mental years®* and suggest that early screening in children at
high metabolic risk could lead to an early identification of these
alterations.

In conclusion, although the results of this study need to be con-
firmed by further studies including a larger number of subjects,
our data may contribute to clarify the importance of monitor-
ing early signs of ANS imbalance and their predictive role in
children with cardiometabolic risk.
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