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Background: Metabolic syndrome (MetS) is associated with an increased risk of cardiovascular diseases. Com-
pelling evidence supports the key role of dysfunction in the autonomic nervous system in that association, as
well as mutual correlation among the components of MetS. The autonomic nervous system index (ANSI) is a
percentile-ranked unitary proxy of cardiac autonomic regulation (CAR) that is designed to be free of age and sex
bias, with higher values indicating better autonomic control. This study investigates CAR using the ANSI in pa-
tients with MetS.

Methods: A total of 133 patients referred to the Exercise Medicine Clinic of Istituto Auxologico Istituto di Ricove-
ro e Cura a Carattere Scientifico (IRCCS) underwent CAR assessment using the ANSI and answered lifestyle ques-
tions in ad hoc questionnaires. The participants were retrospectively subdivided into two groups according to
the presence or absence of MetS criteria.

Results: Of the subjects, 58 were diagnosed with MetS, and 75 were not (no MetS). The ANSI was significantly
impaired (32.9 vs. 44.8, P<0.01) in the MetS group, and ANSI scores showed a decreasing trend (P=0.004) as the
number of MetS components increased. No significant lifestyle differences were found between the groups.
Conclusion: The ANSI was significantly reduced in subjects with MetS, and, net of age and sex effects, CAR im-
pairment became progressively more apparent as the number of MetS components increased.
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INTRODUCTION

Metabolic syndrome (MetS) is a severe public health problem
worldwide and affects all age groups. MetS is a complex of interre-
lated risk factors, including central obesity, elevated blood pressure,
high triglycerides, reduced high-density lipoprotein cholesterol
(HDL-C), and increased fasting glucose.! Several definitions of
MetS have been established focusing on different components and
using different cut-off values; for instance, by the World Health Or-
ganization in 1998, the National Cholesterol Education Program

Adult Treatment Panel III in 2004, the International Diabetes Fed-
eration in 20085, and the Joint Interim Statement in 2009.!

Subjects with MetS are targets for preventive strategies because
MetS is associated with an increased risk of cardiovascular, meta-
bolic, and oncological diseases.”* The mechanisms underlying those
associations and the correlations among the components of MetS
are complex and multifarious and have been discussed in a com-
prehensive review.* Along with immunological and hormonal alter-
ations, compelling evidence supports the key role of autonomic

nervous system (ANS) dysfunction in this setting.>* Cardiac auto-
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nomic regulation (CAR) is impaired in obese subjects of any age,
with a dominant activity of the sympathetic system over the vagal
one;”? this imbalance ultimately results in structural and functional
abnormalities in the cardiovascular system. The relationship between
obesity/insulin resistance and autonomic dysfunction appears to
be bidirectional.'”"! High insulin, adipokine, and inflammatory
marker levels—all linked to abdominal fat excess—contribute to
sympathetic activation and baroreflex impairment, which reduce
insulin sensitivity and foster both the onset and progression of or-
gan damage.®'>"

CAR impairment characterizes arterial hypertension in both child-
hood and adulthood,"** representing a main pathogenetic mecha-
nism of this condition that is also evident in its early stages.'* CAR
impairment is also present in more severe conditions such as coro-
nary artery disease, cardiac failure, stroke, diabetes, and even can-
cer.'”** It is generally characterized by sympathetic overactivity, and
many therapeutic strategies used to treat those conditions, from the
classical use of B-blocking agents to the employment of non-phar-
macological approaches such as physical exercise, weight reduction,
and stress management, are geared toward re-establishing ANS
functionality.”'” CAR impairment increases cardiometabolic risk,
from obesity and hypertension to more severe diseases such as dia-
betes, coronary artery disease, stroke, and cardiac failure, suggesting
that ANS plays an important pathogenetic role in those conditions.
Nevertheless, it is difficult to study ANS in a clinical setting (both
to reveal its possible impairment or to detect changes after pharma-
cological/behavioral interventions). Spectral analysis of heart rate
variability (HRV) is currently the de facto standard method for as-
sessing autonomic cardiac regulation in a clinical setting because it
is simple, economical, and non-invasive. On the other hand, the
complexity of the techniques required to analyze HRV recordings,
the difficulty of interpreting the variables derived from such an
analysis, and the well-known influence of age and sex on CAR are
barriers to extensive use of the technique.”’ Given the fundamen-
tally unitary nature of visceral neural regulation, we previously in-
troduced the integrated, unitary autonomic nervous system index
(ANGSI) as a single, composite, percentile-ranked proxy of autonom-
ic balance, with higher values indicating better autonomic control.**
The ANSI is, by design, free of age and sex bias and is built consid-
ering only variables derived from HRV (without the need to con-
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tinuously record systolic arterial pressure [SAP]). It is correlated
with baroreflex control,* which is considered to be an important
cardiac prognostic predictor, and was recently found to change pro-
gressively with changes in body mass index (BMI) in a cohort of
overweight/obese subjects.”

It would be useful to be able to verify the presence of CAR im-
pairment before a clear diagnosis of cardiometabolic disease, i.e., in
subjects characterized by an initial increase in cardiometabolic risk,
such as those with MetS, particularly considering the number of
MetS components.** To this aim, we investigated CAR using the
ANSI in patients affected with MetS. We hypothesized that the
ANSI would be lower in MetS patients, and we explored potential
relationships between the ANSI and the number of MetS compo-

nents.

METHODS

Ethical considerations

Informed consent was obtained from all individuals participating
in this study. The study protocol followed the principles of the Dec-
laration of Helsinki and Title 45, United States Code of Federal
Regulations, Part 46, Protection of Human Subjects, Revised No-
vember 13, 2001, effective December 13, 2001. It was approved by
the local institutional ethics committee (Comitato Etico Istituto
Auxologico Italiano on January 25, 2022, approval n 45C201, and
by the Independent Ethics Committee of Humanitas on October
13,2015). At the time of the first clinical assessment, all participants
signed an agreement for use of their anonymized data for popula-
tion studies and possible publications. They acknowledged that they
could not be identified via the paper, and that the authors would
use fully anonymized data.

This retrospective study is based on data from the short-term
HRV anonymized database of the Exercise Medicine Clinic of the
University of Milan, Istituto Auxologico (IRCCS), which is part of
an ongoing project about the feasibility of HRV as an autonomic
metric when managing cardiovascular prevention in outpatients.
We analyzed data from 133 subjects who attended our clinic to start
a modification program aimed at improving their lifestyles and re-
ducing their cardiometabolic risk. All subjects underwent the fol-

IOWiIlg assessments.
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Clinical assessment

History, standard medical examination, anthropometric data
(weight, height, waist circumference [WC], and BMI), hemody-
namic data, and blood test data (fasting blood glucose, total choles-
terol, HDL-C, low-density lipoprotein cholesterol, and triglycer-

ides) were collected.

Cardiac autonomic regulation

In brief,**** electrocardiograms (ECGs), non-invasive (Finom-
eter; Finapres Medical Systems) arterial pressure, and respiratory
activity (piezoelectric belt; Marazza) were acquired on a computer.
Beat-by-beat data series obtained during S minutes of rest and then
S minutes of standing were analyzed offline with dedicated software
(HeartScope) that automatically provided a series of indices de-
scribing HRV in the time domain: RR interval (in msec) and RR
interval variability (assessed as total power, i.e., variance, in msec?),
taken as simple classifiers typical of vagal control, and in the frequen-
cy domain: autoregressive spectral components both in the low
frequency (LF; center frequency approximately 0.1 Hz) and in
the high frequency (HF; centered with respiration, approximately
0.25 Hz), assessed in msec? as well as in normalized units (nu).

To include an approximate evaluation of the effects of sympa-
thetic activation produced by active standing, the stand-rest difter-
ence (A) in LEnu was also computed. Arterial pressure was assessed
using an electronic sphygmomanometer. We used the ANSI* as a
proxy for CAR. Briefly,*"** the index was derived through a combi-
nation of factor analysis results and a clinically optimized radar plot.
By applying factor analysis to a multitude of HRV indices, RR (RR
mean), RR interval variance (RR TP), and ARR LFnu were found
highly representative of cardiac autonomic information (consider-
ing amplitude and oscillatory code modalities). Accordingly, we
constructed the ANSI using the following procedure. First, the per-
centile rank (PR) transformations of RR mean, RR TP, and ARR
LFnu were computed within each sex-by-age class while consider-
ing a benchmark population.”’ In that way, new variables adjusted
for age and sex effects could be obtained for a broader target popu-
lation. Second, a radar plot was built for each subject using the val-
ues of these three PR-transformed variables, and the area of the tri-
angle obtained was computed. Third, the PR transformation was

applied to the triangle areas obtained for all subjects to create the
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ANSI as a composite normalized indicator in the 0 to 100 range,
with higher values indicating better autonomic control. The ANSI
is thus, by design, free of age and sex bias, and because the PR trans-
formation is based on the ranking of subject values, the ANSI is ro-
bust to the possible presence of outlying subjects (ie., subjects with
variable values far distant from the central core of the data). The
ANSI also correlates with cardiac baroreflex sensitivity, a powerful

cardiac prognostic predictor.

Lifestyle assessment

An ad hoc questionnaire was employed to quantify lifestyle:”*

(1) Information about the quality of nutrition was collected us-
ing the American Heart Association Healthy Diet Score (AHA diet
score),” which considers fruits/vegetables, fish, sweetened bever-
ages, whole grains, and sodium consumption (adapted to Italian
eating habits).

(2) Physical activity (total activity volume) was assessed with a
modified version of the commonly used short version of the Inter-
national Physical Activity Questionnaire,”” which focuses on the
intensity (nominally estimated in metabolic equivalents according
to the type of activity) and duration (in minutes) of physical ac-
tivity.

(3) Stress, fatigue, and somatic symptom perceptions (subjective
stress-related somatic symptom questionnaire [4SQ]) were col-
lected using a self-administered questionnaire”* on which partici-
pants provided ordinal scores from 0 (‘no feeling’) to 10 (‘strong
feeling’). The 4SQ questionnaire considered 18 somatic symptoms,
for a total score ranging from 0 to 180.

The population of our study was subdivided into two groups:
those who met the MetS criteria®* (MetS subjects, n=258), and
those who did not (no MetS subjects, n="75).

Statistical analysis

For statistical analyses, we used a non-parametric approach to
avoid restrictive a priori conjectures about the data distribution.*®
‘We applied alternative statistical testing procedures to obtain stron-
ger empirical evidence from the comparisons between the no MetS
and MetS groups performed for each variable.

Preliminarily, the hypotheses of equal distributions of specific

(categorical) characteristics of interest (sex, smoking habits, and
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use of pharmacological treatments) across the no MetS and MetS
groups were tested using the chi-square test and Fisher exact signif-
icance test (FT).2® Descriptive statistics for quantitative informa-
tion (anthropometric, metabolic, hemodynamic, and lifestyle vari-
ables) and the cardiac autonomic indices were computed as the
median + median absolute deviation both within the no MetS and
MetS groups and for the subjects overall. For each quantitative vari-
able, we then tested the null hypothesis of no difference between
the groups using two-tailed exact Mann-Whitney (MW) and Kol-
mogorov-Smirnov (KS) tests.?®

After that, to meet our primary objective of comparing CAR in
patients with and without MetS, regardless of sex and age, we fo-
cused on potentially significant relationships between the ANSI
and MetS. We first hypothesized that the MetS subjects would tend
to have lower ANSI scores than the no MetS subjects. We verified
that conjecture using one-tailed MW and KS tests plus the permu-
tation Jonckheere-Terpstra (JT) test for ordered alternatives.”?
We next hypothesized that ANSI scores would decrease as the num-
ber of MetS components increased. For that analysis, in addition to
applying the JT test, we computed the Spearman’s rank correlation
coefficient and tested the hypothesis of a non-negative correlation
between ANSI and the number of MetS components against a neg-
ative correlation.

Finally, we depicted the distribution of ANSI scores within the
two groups and the MetS component subgroups using violin plots.*
We also built the line plot of the median ANSI scores against the
number of MetS components to better highlight the observed trend
in ANSI as the number of MetS components increased.

‘We performed all the statistical analyses using R software version
4.3.1 (R Foundation for Statistical Computing),*' together with the
R contributed packages “DescTools,” for the permutation JT test,”
and “ggplot2,” for the plots in Fig. 1.’ The nominal significance
level was set at 0.0S for all the statistical tests.

RESULTS

Table 1 reports the anthropometric, metabolic, hemodynamic,
medication, and lifestyle data collected for the 133 subjects in this
study. Some 58 subjects met the criteria for MetS, and 75 did not.
The no MetS subjects were characterized by a significant prevalence
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of females (n=73) compared with the MetS subjects (n=234)
(chi-square test and FT, P< 0.001), and reduced age (MW and KS,
P<0.05). No significant differences were observed regarding smok-
ing habits. The no MetS subjects were characterized by higher (chi-
square test and FT, P< 0.001) usage of adjuvant therapy for breast
cancer (overall, 72 subjects were breast cancer survivors free of dis-
ease who attended our clinic to improve their lifestyle), and the
MetS subjects were characterized by higher usage of statins (chi-square
test and FT, P<0.001) or glucose-lowering drugs (chi-square test
and FT, P<0.05). No significant differences were noted in antihy-
pertensive treatments, absence of treatments, or use of other drugs
or therapies.

As expected, compared with the no MetS group, the MetS sub-
jects had significantly different values in the MetS parameters: high-
er median values of SAP and diastolic arterial pressure, triglycer-
ides, fasting blood glucose, and WC and smaller median value of
HDL-C. No significant differences were detected in the perception
of stress, fatigue, somatic symptoms, nutrition quality, or physical
activity volume.

Table 2 reports the cardiac autonomic indices. The median val-
ues of RR TP (taken as a simple classifier typical of vagal control)
and the alpha index (an overall marker of baroreflex control) were
lower in MetS subjects. In contrast, the median values of SAP (re-
corded continuously during the period considered for the spectral
analysis) and SAP LFa (LF component of SAP variability, consid-
ered as a marker of sympathetic activity to vasculature) were higher
in the MetS group than in the no MetS group. All those differences
were supported by significant MW and KS test results. On the oth-
er hand, no significant differences were noted in the RR LFnu and
RR HFnu values, which are considered markers of prevalent sym-
pathetic and vagal control of the sinoatrial node, respectively.

As already noted, age and sex distributions differed significantly
between the groups, rendering the observed differences difficult to
interpret or misleading because age and sex have confounding ef-
fects. We relied, therefore, on the ANSI to investigate and interpret
the differences between the no MetS and MetS subjects free from
any age and sex bias. Fig. 1 illustrates the relationship between the
ANSI and MetS.

Fig. 1A displays the comparison of ANSI between the MetS and
no MetS groups. As expected, the median ANSI score was lower in

J Obes Metab Syndr 2024;33:229-239
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Figure 1. Violin and line plots graphically showing the relationship between autonomic nervous system index (ANSI) and metabolic syndrome. (A)
Violin plots (with the box plots inside) of the ANSI distribution in the no metabolic syndrome (MetS) and MetS groups. The displayed numbers are
the group counts (lower part), median + median absolute deviation (MAD) of ANSI computed within the groups (top left and top right part), and
P-values of the Mann-Whitney (MW), Kolmogorov-Smirnov (KS), and permutation Jonckheere-Terpstra (JT) tests (top central part). The MW and KS
tests have the meaning described below Table 1 but were here applied as one-tailed tests. For the MW test, the null hypothesis Ho:6/> 0 was tested
against the alternative: H1:0<0. For the KS test, the hypothesis Ho:Fnonets(X) > Fuers(x) for every x was tested against Hi:Faoners(X) < Fuers(x) for at least
one x (i.e., roughly speaking, the alternative hypothesis means that the MetS population would have low ANSI scores with a higher probability
than the no MetS population). For the permutation JT test, the null hypothesis Ho:Tnomets = Tumers Was tested against the ordered decreasing alterna-
tive Hi:Thomets > Twets, Where Toovers and Tuers are the effects of the no MetS and MetS populations, respectively, on ANSI. (B) Line plot of the median
ANSI scores plotted against the number of MetS components. The displayed numbers are the median+MAD of the ANSI computed at every num-
ber of MetS components. (C) Violin plots (with the box plots inside) of the ANSI distribution within the five MetS component subgroups. The dis-
played numbers are the subgroup counts n. and the P-value of the permutation JT test, by which the null hypothesis Ho:To=T1=T>=T3=T4-s was
tested against the ordered decreasing alternative Hi:To>T1 > T > T3 2 Ta-s With at least a strict inequality, where Tc is the effect on the ANSI of a
number equal to ¢ of the MetS components (for c=0, 1, 2, 3, and 4-5). The areas of the violins are proportional to the count of their corresponding
group or subgroup.

the MetS group (32.89+23.91) than in the no MetS group (44.82+  gests that CAR impairment is associated with MetS.

19.71). Moreover, the two violin plots show that the ANSI tenden- The line plot in Fig. 1B clearly shows a decreasing trend in the
tially decreased in the MetS group, as evidenced by the significant ~ median ANSI scores as the number of MetS components increases,
results of all three one-tailed significance tests reported therein. In ~ and that finding was confirmed by the significantly negative Spear-
the red violin plot (MetS group), the widening density curve inthe ~ man’s rank correlation coefficient between ANSI and the number
lower part of the violin denotes a higher concentration of MetS ~ of MetS components (r=-0.224, P=0.005).

subjects than no MetS subjects at lower ANSI scores. All that sug- The latter finding is shown more clearly in Fig. 1C, where the vi-
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Table 1. Anthropometric, metabolic, hemodynamic, medication, and lifestyle data: summary statistics and 2-tailed non-parametric significance
tests

Variable No MetS (n=75) MetS (n=58) All (n=133) P P

Categorical variable * f
Female sex 73(97.33) 34 (58.62) 107 (80.45) <0.001' <0.001'
Smoking 10 (13.33) 7(12.07) 17 (12.78) 1.000 1.000
No drugs or therapies 13(17.33) 13(22.41) 26(19.55) 0.609 0.513
Breast cancer patients 52(69.33) 20 (34.48) 72 (54.14) <0.001' <0.001'
Breast cancer adjuvant therapies 51 (68.00) 17 (29.31) 68 (51.13) <0.001' <0.001'
Antihypertensive drugs 11(14.67) 12 (20.69) 23(17.29) 0.497 0.368
Statins 2(2.67) 13 (22.41) 15(11.28) <0.001' <0.001'
Glucose-lowering drugs 0 6(10.34) 6(4.51) 0.015' 0.006'
Other drugs or therapies 37 (49.33) 36 (62.07) 73 (54.89) 0.198 0.163

Quantitative variable ¥ 8
Age (yr) 49.00+7.00 53.00£9.00 51.00£8.00 0.021' 0.043'
Weight (kg) 69.00+10.00 87.25+9.50 79.00£13.00 <0.001' <0.001'
Height (cm) 161.00+4.00 164.50+5.50 162.00+6.00 0.018' 0.026'
WC (cm) 91.00£10.00 106.50+7.50 101.00+10.00 <0.001' <0.001'
BMI (kg/m?) 26.95+3.42 32.84+3.40 30.12+4.17 <0.001' <0.001'
TC (mg/dL) 210.00+31.00 192.00+28.50 198.00+30.00 0.154 0.388
HDL-C (mg/dL) 61.00+7.00 41.50+5.00 54.00£11.00 <0.001' <0.001'
LDL-C (mg/dL) 128.00+31.00 114.00+19.00 124.00+25.00 0.046' 0.089
TG (mg/dL) 88.00+24.00 148.00+53.00 108.00+32.00 <0.001' <0.001'
FBG (mg/dL) 88.50+5.50 105.00+12.00 93.00£8.00 <0.001' <0.001'
SAP (mmHg) 114.00+7.00 130.50+12.00 120.00+10.00 <0.001' <0.001'
DAP (mmHg) 79.00£6.00 83.50+7.50 80.00£7.00 0.001" 0.009'
4SQ score (a.u.) 45.00£23.00 32.50+16.50 42.00£22.00 0.210 0.186
Stress perception score (a.u.) 7.00+£2.00 5.00+3.00 6.00+3.00 0.161 0.256
Fatigue perception score (a.u.) 7.00+2.00 7.00+3.00 7.00+3.00 0.668 0.759
AHA diet score (a.u.) 2.00+£1.00 2.00+1.00 2.00+1.00 0.796 0.256
METs (MET/min/wk) 537.00+453.00 396.00+396.00 513.00+477.00 0.551 0.758

Values are presented as number (%) (categorical variables) or median = median absolute deviation (quantitative variables). The chi-square test and
Fisher exact test were used to verify the distributional independence of each considered categorical variable from the subject subdivision into no MetS
and MetS populations. For quantitative variables, the 2-tailed MW exact test was used to evaluate the null hypothesis Ho:0=0 against the alternative
H.:620, where 0 is the population MetS effect, i.e., the parameter representing the median difference Xuers—Xnomers between the no MetS and MetS
population distributions of variable X. The 2-tailed KS exact test was used to evaluate the null hypothesis of no difference against the presence of any
difference between the no MetS and MetS cumulative distribution functions of variable X, i.e., Ho:Fromets(X) = Fumets(x) for every x against Hi:Fnomers(X)#
Fuers(x) for at least one x.

*Chi-square test; TFisher test; *Mann-Whitney test; SKolmogorov-Smirnov test; 'Significant P-value.

MetS, metabolic syndrome; WC, waist circumference; BMI, body mass index; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TG, triglyceride; FBG, fasting blood glucose; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; 45Q,
subjective stress-related somatic symptom questionnaire; a.u., arbitrary unit; AHA, American Heart Association; MET, metabolic equivalent.

olin plots depict the entire distribution of ANSI scores within every
MetS component subgroup. Interestingly, the pink violin plot cor-
responding to one MetS component has a widening density curve
at medium-high ANSI scores, which is consistent with our hypoth-
esis that no MetS subjects would tend to have higher ANSI scores
than MetS subjects. However, from two MetS components onward,

the highest concentrations of subjects are observed at progressively
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lower ANSI scores in a decreasing trend supported by the signifi-
cant JT test result (P=0.004).

DISCUSSION

In this work, we found that ANSI, a unitary autonomic index

free of age and sex bias used as a proxy for CAR, was significantly
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Table 2. Cardiac autonomic indices: summary statistics and non-parametric 2-tailed Mann-Whitney and Kolmogorov-Smirnov exact significance

tests

Variable No MetS MetS All MW test P KS test P
HR (bpm) 68.12+6.67 70.13+8.28 68.67+7.10 0.183 0.166
RR mean (ms) 880.80+78.53 855.50+109.94 873.70+£82.62 0.182 0.167
RRTP (ms?) 1,071.53+553.56 603.78£289.06 751.76+410.29 <0.001* <0.001*
RR LFa (ms?) 222.22+142.35 148.58+106.00 163.09+114.79 0.182 0.358
RR HFa (ms?) 163.39+135.66 108.66+71.94 142.22+108.19 0.016* 0.028*
RR LFnu (nu) 43.73+15.24 50.30+14.90 49.10£15.57 0.310 0.211
RR HFnu (nu) 45.11+14.26 38.72+£14.96 41.59+15.28 0.193 0.396
RR LF/HF 0.95+0.59 1.30+0.72 1.14+0.66 0.217 0.357
ARR LFnu (nu) 23.70+£19.08 17.21£15.73 21.22+16.21 0.128 0.263
Alpha index (ms/mmHg) 13.85+£4.71 6.92+2.88 10.39+4.65 <0.001* <0.001*
SAP mean (mmHg) 117.61+£7.49 130.14+£13.46 122.10£10.96 <0.001* <0.001*
SAPTP (mmHg?) 13.27£6.40 16.44+9.54 13.34+7.09 0.093 0.228
SAP LFa (mmHg?) 1.94+0.89 3.30+2.56 2.50+1.47 0.032* 0.011*

Values are presented as median + median absolute deviation. The MW and KS tests were applied as described below Table 1.

*Significant P-value.

MetS, metabolic syndrome; MW, Mann-Whitney; KS, Kolmogorov-Smirnov; HR, heart rate; RR, RR interval; TP, total power; LF, low frequency; a, abso-
lute value; HF, high frequency; nu, normalized unit; ARR LFnu, change induced by standing up on the LF component of RR variability expressed in nu;

SAP, systolic arterial pressure.

reduced in subjects with MetS. The CAR impairment was progres-
sively more apparent as the number of MetS components increased,
which can be taken as an approximate evaluation of clinical involve-
ment. Furthermore, this simple index, which overcomes some draw-
backs of HRV interpretation, successfully unveiled progressive im-
pairment of autonomic control that was already present before the
manifestation of major cardiometabolic disease.

A functional alteration in autonomic or vascular equilibrium has
been considered an important element in the clinical evolution
from risk to disease, and it is possible to reverse it with lifestyle modi-
fications. More specifically, CAR impairment might play an impor-
tant role in MetS development and its associated risks of cardio-
metabolic and oncologic diseases.*>** Whether CAR impairment is
a pathogenetic mechanism or a consequence is not fully clear,* and
the relationship might be bidirectional.'*"" Nevertheless, simplified
clinical narratives attract clinical interest because of the complexity
of CAR, which is based on many positive and negative feedback re-
flexes affected by vascular and metabolic alterations. In line with
those considerations, we evaluated the feasibility of various practice
methods for assessing CAR impairment. Previously, we observed a
reduction in the overall gain of baroreflex sensitivity (alpha index)

in both adults'* and children' with high-normal (prehypertension)
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levels of arterial pressure, suggesting an impairment of ANS control
before a clear diagnosis of hypertension and explaining (albeit in
part) the increased cardiovascular risk independent of other cardio-
metabolic risk factors.' In summary, our data provide evidence
supporting the occurrence of multifaceted CAR alterations before
the development of clinical hypertension. In this study, we report
decreased ANSI in MetS subjects, suggesting that CAR impairments
precede major cardiometabolic disease.

Here, CAR impairment was progressively more apparent as the
number of MetS components increased, corroborating the idea
that the presence of more numerous risk factors increases the car-
diometabolic risk. Notably, CAR was impaired even in those pre-
senting only one or two components and not diagnosed with MetS.
This finding might reflect a continuum of cardiometabolic risk that
can be missed when using conventional MetS definitions. Our re-
sults indicate that MetS has fundamental clinical importance—es-
pecially in terms of prevention—that is often not recognized by pa-
tients. Patients usually take a proactive role toward lifestyle modifi-
cation, with consequent risk reduction, only after they are diagnosed
with diseases such as diabetes, arterial hypertension, or cancer, which
reduces the preventive value of improved lifestyles. The possibility

of showing a clear alteration in the mechanisms involved in the
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pathogenesis of those chronic pathological conditions might have
motivational value for improving exercise and nutrition habits.

Crucially, CAR alteration can be managed by behavioral inter-
ventions, such as regular aerobic exercise, reduction of fat mass, and
stress management.”'** Those interventions could, in turn, improve
other alterations likely to be present in subjects with an elevated
risk, such as optimizing glucose and lipid levels and improving im-
munological and endocrine control. Strong evidence supports CAR
improvement following behavioral interventions. The variable de-
rived from an HRV analysis that is most often considered when
monitoring ANS improvement after aerobic training or other be-
havioral interventions is the total variance of RR interval variability
(RR TP) (or other time domain indices, such as Standard deviation
of the average NN intervals [SDANN] or Root Mean Square of the
Successive Differences [RMSSD]),* which is viewed as a marker
of vagal control. That index, however, can be a suboptimal indicator,
particularly in athletes or trained subjects® or when the interven-
tion can also affect other aspects of ANS control, such as a physio-
logical increase in sympathetic drive with an orthostatic stimulus.

On the contrary, the unitary index ANSI (that is built consider-
ing the highly representative components of the cardiac autonomic
information as indicated by factor analysis, considering a multitude
of HRV indices) may carry more hidden information, rendering
evident through coherent integration even small changes in multi-
ple variables.** Furthermore, the ANSI integrates autonomic infor-
mation related to both rest and the dynamic response to sympa-
thetic excitatory stimuli, such as standing up. Accordingly, we ob-
served that MetS subjects were characterized by a slightly (but not
significantly) higher RR LFnu value and a slightly (but not signifi-
cantly) lower RR HFnu value (markers of prevalent sympathetic
and vagal control to the sinoatrial node, respectively) and a reduced
increase in sympathetic drive with an orthostatic stimulus (ARR
LFnu) than no MetS subjects. On the other hand, the ANSI can
unveil differences in CAR that depend on the subject group, and it
depicted a significant decreasing trend in the median scores as the
number of the MetS components increased.

In this study, we also observed a reduction of the alpha index,
suggesting an impairment of the overall gain of baroreflex sensitivity,
considered a powerful cardiac prognostic predictor. Furthermore,

the combination of reduced cardiac baroreflex and impaired HRV
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determines a potent prognostic indicator for sudden death. How-
ever, although the calculation of the alpha index is non-invasive, it
requires simultaneous recording of continuous non-invasive ECG
and SAP signals and an ad hoc analysis. Those requirements assume
the availability of economic and technical resources that might not
be available everywhere. Indeed, ANSI requires only the HRV anal-
ysis starting from simple ECG recording, with consequent saving
of money, time, and technical resources, rendering the study of the
autonomic nervous system a more realistic tool in clinical practice.
Notably, the ANSI presents a clear correlation with the alpha index,
as observed in previous studies.”

The simultaneous analysis of arterial pressure variability, show-
ing an increase in SAP LFa, suggests initial involvement of the arte-
rial system with an attendant increase in risk.*

We did not observe any significant differences between the groups
in the volume of physical activity, nutrition quality (as assessed by
AHA diet score), or stress perception, suggesting that the observed
autonomic impairment was not linked to those important parame-
ters that can themselves affect autonomic control.”

We noticed that pharmacological treatment with statins or glu-
cose-lowering drugs was more frequent in MetS subjects, as ex-
pected. At the same time, adjuvant therapy for breast cancer was
higher in no MetS subjects (many cancer survivors free of metasta-
sis attend our clinic to improve their lifestyle). Those differences
might be a possible issue in interpreting our data. Nevertheless,
statins and glucose-lowering drugs (more frequent in subjects char-
acterized by worse CAR) can improve or not affect CAR control.¥*
In contrast, adjuvant therapy might impair CAR, particularly endo-
crine therapy, and it was more frequent in the group characterized
by better CAR.*

This study has some limitations. First, we did not have informa-
tion about other important control mechanisms, such as endocrine
and immunological values, to verify a possible progressive impair-
ment with the increasing number of MetS components. Second,
the number of subjects was small, particularly the number of sub-
jects with all five MetS components (so we combined them with
those with four MetS components in the subgroup analysis). We
used non-parametric statistical methods to help manage that issue.
Third, an autoregressive spectral analysis of HRV is an indirect mea-

sure of ANS control. However, it is a non-invasive technique cur-

J Obes Metab Syndr 2024;33:229-239



Lucini D, et al. Autonomic Dysregulation in Metabolic Syndrome

rently considered to be the de facto methodology for studying car-
diac autonomic control. Moreover, the no MetS subjects were char-
acterized by a significant prevalence of females (n="73) compared
with the MetS subjects (n=34) and younger subjects; nonetheless,
ANSI is, by design, free of age and sex bias, which makes this issue
manageable.

In conclusion, we observed a progressive impairment of auto-
nomic control before the manifestation of major cardiometabolic
diseases, corroborating the importance of cardiovascular preven-
tion strategies as soon as possible in subjects presenting even a few
cardiometabolic risk factors. The possibility of studying ANS with
a methodology convenient from both economical and organiza-
tional perspectives may be clinically advantageous, offering a new
tool in the management of cardiometabolic risk in a clinical setting,
particularly for MetS subjects who rarely realize the importance of
behavioral strategies in improving autonomic balance and reducing

cardiometabolic risk.
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