
543

Evaluation of the Cardiac Autonomic Nervous System 
through Dynamic Exercise and its Relationship to Right 

Ventricular Diastolic Function in Patients with  
Type I Diabetes Mellitus

Copyright © Jose Hipolito Donis Hernández

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.002523

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------
ISSN: 2642-1747

Research Article

Maite González Fuentes, Alexander Vivax and Jose Hipolito Donis Hernández*
Head of the Merida Cardiovascular Research Institute, Venezuela

*Corresponding author: Jose Hipolito Donis Hernández, Head of the Merida Cardiovascular Research Institute, Venezuela.

To Cite This Article: Maite González Fuentes, Alexander Vivax and Jose Hipolito Donis Hernández. Evaluation of the Cardiac Autonomic Nervous 

System through Dynamic Exercise and its Relationship to Right Ventricular Diastolic Function in Patients with Type I Diabetes Mellitus. Am J 

Biomed Sci & Res. 2023 18(6) AJBSR.MS.ID.002523, DOI: 10.34297/AJBSR.2023.18.002523

Received:  May 05, 2023;  Published:  May 17, 2023

Abstract

Background: Subclinical right ventricular diastolic dysfunction (RVVDD) is prevalent in the population of patients with type 1 
diabetes mellitus (DM1). However, the association between cardiac autonomic neuropathy (CAN) and RVVDD has not been studied. 
To study in type 1 diabetic patients the association between CAP and the presence of impaired right ventricular diastolic function.

Materials and Methods: An observational, analytical, cross-sectional study was carried out in 48 patients, 25 with DM1 and 23 
control subjects without DM1. All patients underwent determination of glycosylated hemoglobin (HbA1c), fasting blood glucose, 
B-mode echocardiogram-Doppler, and Tissue Doppler (TDI) and the Valsalva test as a Cardiac Autonomic Reflex Test (CART). 
Similarly, the resting heart rate was evaluated and through the performance of a stress test the HR acceleration was determined 10 
seconds after the start of exercise and the HR recovery deltas (HRR) at the 1st and 2nd minute after the end of exercise.

Results: Right ventricular diastolic dysfunction was present in 13 of the patients with DM1 corresponding to 52% manifested 
by an altered E/e ratio’ (p<0.039). The Valsalva index ratio was lower in 14 of the diabetic patients (56%) in relation to non-
diabetic controls with statistically significant difference (1.31±0.14 vs 1.50±0.082 p<0.0001). CFR was found significantly altered in 
diabetics compared to controls (delta at 1st min p<0.01, delta at 2nd min p<.0001). Logistic analysis showed that the Valsalva index 
was the independent variable of highest value with the presence of DDVD since all 13 diabetic patients with DDVD had abnormal 
Valsalva index. Correlation was obtained between the Valsalva test and the E/e’ ratio with glycosylated Hb and fasting glycemia, with 
a direct, positive and significant linear relationship of the Valsalva index with glycosylated Hb (r=0.829; p=0.0001) and for its part 
the E/e’ ratio showed a direct and positive linear relationship with glycosylated Hb (r=409; p=0.042).

Conclusion: The alteration of the cardiac autonomic nervous system manifested mainly by an abnormal Valsalva index ratio was 
associated with DDVD. and in turn this variable was associated with poor metabolic control.
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Introduction
Diabetes mellitus is currently one of the most common chronic 

non-communicable diseases in contemporary societies around the 
world, one of the five leading causes of death in most developed 
countries and an increasingly recurrent epidemiological phenome-
non in many developing or newly industrialized nations. Among the  

 
different types of diabetes, type 1 Diabetes Mellitus (DM 1) is recog-
nized as a condition due to the autoimmune destruction of pancre-
atic cellsβ resulting in an absolute insulin deficiency [1]. However, 
this is not the only mechanism and insulin resistance can coexist 
with what is known as “double diabetes”[2]. DM1 accounts for only 
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about 10% of diabetes cases worldwide, but it occurs with increas-
ing incidence in early life [3]. Diabetes affects the heart in three 
ways: by coronary artery disease through a mechanism of acceler-
ated atherosclerosis, by cardiac autonomic neuropathy and by the 
development of Diabetic Cardiomyopathy (DCM). This last mech-
anism of myocardial involvement not associated with coronary 
atherosclerosis or systemic Arterial Hypertension (AHT) has also 
been called Cardiac Muscular Disease (DCMD) [4]. Diabetes mel-
litus, even in the absence of any other cardiovascular disease, can 
lead to ventricular dysfunction and clinical CMD, which was first 
reported by Rubler, et al. [5] in 1972 who found in post-mortem 
studies of 4 diabetic patients who died of Heart Failure (HF), the 
presence of ventricular hypertrophy and myocardial fibrosis unre-
lated to Coronary Artery Disease (CAD), HT, alcoholism, valvular or 
congenital disease. The prevalence of CMD has been estimated at 
12% of people with diabetes mellitus, although the true prevalence 
is not known due to the subclinical nature of this entity. Initial stud-
ies placed it at around 30% in type 2 diabetics with good glycemic 
control when assessing diastolic function [6-7]. However, when 
more advanced techniques have been used to evaluate systolic and 
diastolic function, the prevalence of ventricular dysfunction in the 
diabetic population is higher than that described in the previously 
mentioned studies [8-9]. Boyer, et al. [10] have recently reported 
a higher prevalence of Left Ventricular (LV) diastolic dysfunction 
when applying tissue Doppler and color M-mode techniques [10]. 
One of the proposed pathophysiological mechanisms in the de-
velopment of CMD is cardiac autonomic neuropathy (CAN), i.e., 
denervation and alterations in catecholamine values [11]. Cardiac 
Autonomic Neuropathy (CAN) is defined by the Toronto Consensus 
Panel on Diabetic Neuropathy (2011) [12] as “impaired cardiovas-
cular autonomic control in patients with established diabetes after 
excluding other causes”. It has been proposed to be associated with 
alterations in coronary flow and cardiac function, contributing to 
impaired diastolic function [13-15]. Attenuation of heart rate with 
respiration, Valsalva maneuver, reduced heart rate variability and 
reduced heart rate recovery after exercise [16] indicate the pres-
ence of NAC. Cardiac Autonomic Reflex Tests (CARTs) are proposed 
as the gold standard by the Toronto Consensus Panel on Diabetic 
Neuropathy (2011) to diagnose the presence of CAP. They are 5 
simple maneuvers or tests that allow measuring cardiac autonomic 
function by evaluating the response of Heart Rate (HR) or Blood 
Pressure (BP) to certain physical maneuvers.

However, heart rate reduction at the 1st and 2nd minutes of 
post-exercise recovery as a parameter of vagal function together 
with the measurement of heart rate acceleration at 10 seconds 
post-exercise have gained importance in recent decades [17]. The 
prognostic utility of HR recovery at 1 and 2minutes post-exercise 
has been demonstrated in patients at risk for cardiovascular dis-
ease, and has been validated as an independent risk factor com-
pared to other established parameters [18]. CAP has a wide variety 
of clinical manifestations depending on the stage of the disease, 
ranging from tachycardia at rest, including alterations in HR vari-

ability, HR recovery, QTc interval prolongation, exercise intolerance 
and even orthostatic hypotension in the advanced stage [19]. In ad-
dition to the possible clinical manifestations, the presence of CAP 
has been associated with left ventricular diastolic dysfunction, as 
demonstrated in several studies. Several authors have evaluated 
the type 1 diabetic population in order to assess the existence of 
early echocardiographic alterations of asymptomatic ventricular 
dysfunction related to CAP. Irace, et al. [20] in their 1996 publica-
tion, already showed that type 1 diabetic patients with CAP had 
alterations in Left Ventricular (LV) diastolic function expressed as 
lower E wave velocity and higher transmittal flow A wave velocity, 
without evidence of alterations in systolic function. Similarly Wille 
Heimer, et al. [21] found that out of a total of 34 type 1 diabetic 
patients CAP was present in 21 patients when evaluated with PRAC 
and the presence of impaired LV diastolic function expressed as 
a lower E/A ratio was significantly higher in this group with CAP. 
Monteaguado P, et al. [22] found in their investigation that of a total 
of 19 type 1 diabetic patients, 11 had CAP and these in turn showed 
greater presence of LV diastolic dysfunction given by the presence 
of higher A wave velocity and lower E/A ratio compared to patients 
without CAP. Hence, they conclude that LV diastolic dysfunction 
can be detected very early in type 1 diabetic patients and may be 
related to the presence of CAP. Didangelos, et al. [23] evaluated LV 
systolic and diastolic function in type 1 diabetic patients with and 
without CAD and found that 24 patients out of 57 had definite CAD 
due to the presence of 2 or more altered PRACs and this was related 
to the presence of an abnormal left ventricular filling pattern by 
radionuclide ventriculography assessment [23-25].

 They conclude that CAP is associated with LV diastolic dysfunc-
tion and suggest that the presence of CAP may serve as an early 
marker for the assessment of LV diastolic function with a view to 
implementing therapeutic strategies in a timely manner. [26-28] 
The finding of a certain degree of diastolic dysfunction in young pa-
tients with a recent diagnosis of diabetes or a short duration of the 
disease, without microangiopathic complications, would suggest 
that these alterations could appear in the initial stages of the dis-
ease and that they would not be related to microvascular involve-
ment, but that other determinants could influence the progression 
of ventricular dysfunction, such as the presence of CAP [29]. Now, 
given that right ventricular dysfunction is relevant in a variety of 
states that affect the course and prognosis of the disease, and there-
fore, it can be assumed that right ventricular performance is also 
an important problem in type 1 diabetic patients, most of whom 
are composed of a young population and who may also have as-
ymptomatic NAC, the aim of this research was to determine the 
relationship between right ventricular diastolic dysfunction and 
the presence of alteration of the Cardiac Autonomic Nervous Sys-
tem (CNAS) in patients with type 1 DM who attend the outpatient 
clinic of the Endocrinology Service of the Hospital Universitario de 
Los Andes, Merida, Venezuela. Cardiac Autonomic Nervous System 
(CANS) involvement is related to alterations in right ventricular di-
astolic function in type 1 diabetic patients [26-29]. 
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Materials and Methods
Research Design

A clinical, observational, analytical, cross-sectional, analytical 
study was conducted to determine the frequency of right ventric-
ular diastolic dysfunction in patients with type 1 diabetes Mellitus 
and its association with alteration of the SNAC evaluated through 
the Valsalva maneuver and stress test in patients who attended the 
outpatient clinic of the Endocrinology Service of the Hospital Uni-
versitario de Los Andes, and subsequently to the Cardiology Service 
of the Cardiovascular Research Institute, as well as the association 
with clinical, laboratory and echocardiographic variables, com-
pared to a control group without DM1.

Inclusion Criteria

i. Patients with type 1 DM who attended the Endocrinology Ser-
vice consultation, aged between 18 and 45 years of any sex and 
race (Study group).

ii. Subjects who attended the consultation of the Endocrinology 
Service and/or the Cardiology Service of the Cardiovascular 
Research Institute, aged 18 to 45 years, of any sex and race 
without a diagnosis of type 1 diabetes mellitus (control group).

iii. Those who agreed to voluntarily participate in the research 
and signed the informed consent form.

Exclusion Criteria for the Study and Control Group

i. Patients who did not accept to participate in the research.

ii. Subjects under treatment with hyperglycemic drugs such as: 
glucocorticoids, thiazide diuretics, estrogens, progestins, an-
tihypertensives, B-agonists, pentamidine, interferon alpha, 
second generation antipsychotics, antineoplastic medication, 
immunosuppressants and antiretrovirals.

iii. Subjects with hematological pathologies such as hemoglo-
binopathies or anemia according to the criteria of the World 
Health Organization, WHO [25], for those over 15 years of age: 
12.4gr/dL at 1500 meters above sea level.

iv. Subjects with systemic HT, hypertensive, ischemic, valvular or 
congenital heart disease, cardiac arrhythmias, impaired left 
ventricular function (LVEF)<50%, lung disease, chronic kidney 
disease grade 3 or higher [22], hypothyroidism, alcoholism.

v. Pregnant patients.

vi. Patients with any physical limitation that would prevent them 
from performing a stress test.

Procedure
The patients were randomly selected by the research physician 

and those who met the inclusion criteria were explained the ob-
jective and importance of the study and were asked to voluntarily 
participate in it and were subsequently given informed consent to 
sign. Data were collected regarding medical history number, fami-

ly and personal history, symptomatology, psychobiological habits, 
age, sex, weight, height, body mass index, blood pressure, fasting 
and postprandial blood glucose in the last 3 months, glycosylated 
hemoglobin A1c (HbA1c) and treatments received. Echocardiogra-
phy was performed by a physician trained in M-mode, two- dimen-
sional and Doppler, with an ALOKA Prosound α7 echocardiography 
equipment model, with a 3.5MHz Transducer. The measurements 
were obtained according to the recommendations of the American 
College of Cardiology [27-29]; with the transducer in the different 
views, started in the apical view four chambers, at the end of dias-
tole, was obtained through two methods the size of the Right Atri-
um (RA), with 2D volume measurement and linear measurements, 
the two measurements obtained were: on the minor axis of the RA 
(Width of the distance from the lateral wall to the intra-atrial sep-
tum, middle atrial level, from the inner edge to the inner edge) and 
on the major axis of the RA (Length from the center of the tricus-
pid valve annulus to the center of the upper wall of the RA, parallel 
to the intra-atrial septum, from the inner edge to the inner edge), 
and dimensions of the RA were designated in altered ranges, indic-
ative of RA dilatation, minor diameter >44mm and major diameter 
<53mm. Subsequently, we proceeded to quantify the RA volume 
(areas of the tricuspid valve leaflets, inferior vena cava, superi-
or vena cava and RA appendage were excluded), an area of right 
atrial length was traced from the level of the tricuspid valve an-
nulus, which connected the two annular sides with a straight line, 
the length is perpendicular to the annular plane), which was con-
sidered as abnormal a volume of the RA according to gender and 
body surface area, for men >32ml/m2 and for women >27ml/m2; 
In the same way, measurements were made of the Right Ventricle 
(RV), in the different basal, medial and longitudinal diameters, and 
diameters outside normal ranges were assigned, indicative of RV 
dilatation, ≥42mm, ≥36mm and ≥84mm respectively, in addition, 
the thickness of the lateral wall of the RV was measured linearly 
in two-dimensional echocardiography, in a subcostal view, and at 
end diastole (below the tricuspid annulus at a distance approximat-
ing the length of the anterior tricuspid leaflet, when fully open and 
parallel to the RV free wall, (trabeculae, papillary muscles and epi-
cardial fat were excluded), a hypertrophic RV was identified with a 
thickness >0.5cm.

Consecutively, both global and regional RV systolic function 
was assessed, within the global parameters, Fractional Area Change 
(FAC) and Myocardial Performance Index (MRI) were measured, 
both methods are recommended for quantitative estimation of RV 
function(27-289) , CAF was estimated from a four-chamber apical 
plane, centered on the RV, to include the apex, being necessary to 
perform a manual tracing of the endocardial border in diastole and 
systole and thus calculate the percentage of change, trabeculae 
were excluded when tracing the area. MRI measures the ratio be-
tween isovolumetric contraction and relaxation times in relation to 
systolic ejection; this quantification was carried out from the Dop-
pler recording, and the Isovolumetric Contraction Time (ICT) was 
measured, Isovolumetric Relaxation Time (IRT) and Ejection Time 
(ET) were measured in the pulsed tissue Doppler spectrum of the 
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lateral tricuspid annulus, depressed global RV systolic function was 
determined if the CAF<35% and if the tissue Doppler MRI is >0.55; 
in assessing regional RV systolic function, Tricuspid Annulus Sys-
tolic Excursion (TAPSE) and S-wave’ parameters were established, 
TAPSE is a measure of longitudinal RV function, was measured us-
ing M-mode and the maximum distance of systolic displacement of 
the annulus was quantified and for the calculation of the S-wave’ 
pulsed tissue Doppler was used to quantify the systolic velocity of 
the myocardial muscle(27-30), as depressed regional systolic func-
tion a TAPSE <1.6cm and S-wave’ <10cm/s. We immediately pro-
ceeded to analyze the tricuspid flow pattern by measuring: E-wave 
velocity, A-wave velocity, E/A ratio and E-wave deceleration time, 
with pulsed Doppler, in addition to e-wave velocity’ using tissue 
Doppler, in conjunction with the evaluation of the flow in the he-
patic veins. The presence and degree of diastolic dysfunction was 
determined based on the following criteria [27].

I. Grade I: Altered relaxation. Tricuspid E/A Ratio <a 0.8

II. Grade II: Pseudo normal pattern. E/A ratio of 0.8 to 2.1 with an 
E/e’ ratio> to 6 or predominant diastolic flow in hepatic veins.

III. Grade III: Restrictive filling. E/A ratio > to 2.1 with a TDEc <to 
120msg

Finally, we proceeded to estimate RV Systolic Pressure (RVSP) 

and Right Atrial Pressure (RAP). To this end, we determined the ve-
locity of Tricuspid Insufficiency (TI) with continuous Doppler at the 
level of the aliasing formed in the tricuspid valve and calculated the 
gradient of the insufficiency using Bernoulli’s equation, as follows: 
RVSP: 4 x Maximal velocity2 + DBP; said pressure was catalogued 
elevated if it was > 25mmHg. The DBP was determined according 
to the size of the Inferior Vena Cava (IVC) and the percentage of 
collapse of the same, normal right atrial pressures oscillate around 
3mmHg if the IVC is <2.1cm and collapsed >50%, increased RA 
pressures are estimated at 8mmHg, if IVC <2.1cm with collapse 
<50% or dilated IVC >2.1cm with normal collapse >50%, high DBP 
at 15mmHg if IVC is dilated >2.1cm with abnormal collapse <50%. 
Prior to the stress test, the Valsalva maneuver was performed: with 
the patient in a seated position, the patient was instructed to per-
form a forced exhalation, without having previously taken a deep 
inspiration, for 15seconds, followed by an abrupt release of the 
expiratory effort, and then normal breathing without movement 
or speaking until the end of the test [30]. Simultaneously, an elec-
trocardiographic trace was recorded in DII to calculate the Valsalva 
ratio, which was obtained by dividing the longest R-R interval af-
ter expiratory effort by the shortest R-R interval during expiratory 
stress. The normal reference values for the Valsalva maneuver were 
those published by Ziegler, et al. [31] adapted by age group and gen-
der (Table 1).

Table 1:

Test
Age

<20 20-29 30-39 40-49 50-59

Valsalva Relationship <1,22 <1,21 <1,19 <1,18 <1,17

The stress test was then performed on GE equipment with elec-
trocardiographic recording (12 leads) computerized in digital for-
mat and monitored in real time, connected to a dynamic exercise 
band with standard Bruce protocol with a cooling period of 2min-
utes. Vagal reserve was determined as the HR acceleration obtained 
with the difference between the HR reached 10seconds after the 
start of exercise minus the basal HR obtained at rest. Post-exercise 
HR recovery was determined as the difference between the heart 
rate at maximum effort (maximum heart rate) and the HR at re-
covery, at 60seconds (Δ1) and 120 seconds (Δ2) after the end of 
exercise. A normal value of post-exercise heart rate recovery was 
considered to be a Δ1 greater than 12 beats and a Δ2 greater than 
22 beats [32].

Statistical Analysis
Categorical variables were analyzed in absolute numbers and 

percentages and quantitative variables in mean and standard devi-
ation. The Kolmogorov-Smirnov test was performed to determine 
whether the variables had a normal distribution. The association 
between categorical variables was determined by applying Chi-
square or Fisher’s test. The differences between the means of the 
quantitative variables between the groups studied were deter-
mined with Student’s t test for independent samples or its non-

parametric equivalent. The association between SNAC alterations 
with the presence of diabetes and the association between SNAC 
with the presence of right ventricular diastolic dysfunction was 
performed through association analysis for categorical variables 
to obtain the Odds Ratio (OR), with chi-square test. In addition, 
linear correlation analysis was performed between the different 
biochemical variables and the echocardiographic variables to find 
out if there were significant correlations and simple linear correla-
tion analysis. Once found in the correlation analysis the variables 
that were related to the dependent variable, we searched through 
linear or multiple logistic regression analysis for the independent 
variables altered in the right ventricle that had greater statistical 
weight on the dependent variable that was found in the analysis 
for the two groups studied. An analysis of ROC curves was also con-
sidered to find, according to the independent variable altered right 
ventricular function and altered autonomic function, a cut-off val-
ue that could be considered to differentiate the groups studied. A 
p<0.05 was considered statistically significant.

Results
From January to September 2020, a total of 25patients with 

type 1 Diabetes Mellitus as the study group and 23 healthy persons 
as the control group, matched for age, sex and body mass index, 
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were included in the study. The mean duration of the disease in the 
diabetic group was 14±6 years. Most diabetic patients showed poor 

metabolic control with mean HBA1c of 7.9±1.3% in addition to fast-
ing glycemia at 185.6±74.77mg/dl (Table 2).

Table 2: Baseline Characteristics of Diabetic Patients and Control Group.

Variables Diabetics n=25 (%) Control n=23 (%) Value of p

Female Sex 13 (52) 9 (39,2) NS

Male 12 (48) 14 (60,8) NS

Age (years) 24,8±5,88 26±4,14 NS

Symptoms 11 (44) 0

Weight (Kg) 59,72±10,4 64,65±10,8 NS

BMI (Kg/m2) 22,9±2,9 21,83± 5,1 NS

Nutritional Status (%)

Bajopeso 4 (16) 2 (6,5) NS

Normopeso 15 (60) 24 (77,4) NS

Overweight 6 (24) 5 (16,1) NS

Systolic BP (mmHg) 114±14,14 114,35±11,99 NS

Diastolic BP (mmHg) 70,4±10,59 70±7,97 NS

Duration DM (years) 14± 6.3

Range 4 to 33 years

Fasting blood glucose (mg/dL) 185.60± 74.77

HbA1C (%) 7.9± 1.38

*Note: Data in X±SD and n (%). NS: not significant; BP: blood pressure. BMI: body mass index. 

The B-mode echocardiographic variables that showed signifi-
cant differences in the diabetic group when compared to the control 
group are shown in Table 3. The only systolic function alteration 
variable that showed significant difference was the Myocardial 
Performance Index (MRI) (0.38±0.089 vs. 0.34±0.023; p=0.048). 

When the criteria for altered Right Ventricular Diastolic Function 
were evaluated, a significantly increased E/e ‘ratio was found in 
the diabetic group with respect to the control group (4.63±2.27 vs. 
3.60±0.65; p=0.039). (Table 3, Figure 1).

Table 3: Echocardiographic variables in diabetic patients and control group.

Variables Diabetics n=25 Control Group n=23 p- value

Largest diameter AD (mm) 42,04±5,12 38,74±4,63 0,024

Minor diameter AD (mm) 36,76±4,10 33,65±4,93 0,022

Vol. AD Index (ml/m2) 22,54±4,09 21,96±4,57 NS

Basal Diameter VD (mm) 34±4,60 32,87±3,50 NS

Mean Diameter VD (mm) 31,4±4,16 28,96±3,18 0,027

Diameter Length VD (mm) 63±8,15 61,04±6,19 NS 0,0001

PLVD thickness (mm) 4±0,70 2,74±0,54 NS

CAF (%) 46,44±7,86 49,78±4,52 0,048

MRI 0,38±0.089 0.34±0,023 NS

TAPSE (mm) 21,72±3,16 21±1,78 NS

S` (m/sec) 0,12±0,021 0,13±0,10 NS

E-wave velocity (m/sec) 0,51±0,17 0,53±0,10 NS

Vel. wave A (m/sec) E/A 0,40±0,22 0,34±0,049 NS

1,48±0,62 1,51±0,21 NS

TDEc (msec) 223,72±65,01 193,57±44,91 NS

e’ (m/sec) 0,12±0.03 0,14±0,02 NS

E/e’ 4,63±2,27 3,60±0,65 0,039

Tricuspid Reg. Velocity (m/sec) 1,94±0,23 1,93±0,25 NS

*Note: Data in X±DE and n (%). NS: Not Significant; CAF: Fractional Area Change; MRI: Myocardial Performance Index; cDEV: 
Deceleration Time; IVC: Inferior Vena Cava; RVLW: Right Ventricular Lateral Wall.
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Figure 1: Distribution of the altered E/e’ ratio in diabetic subjects and controls.

With respect to the variables that assess cardiac autonomic 
function, the Valsalva ratio was lower in 14 diabetic patients (56%) 
compared to non-diabetic controls with a statistically significant 
difference (1.31±0.14 vs. 1.50±0.082 p<0.0001), the basal heart 
rate at rest in diabetic patients was significantly higher compared 
to controls (101.84±15.42 vs. 76.78±8.9 p<0.0001). When eval-
uating vagal reserve measured through HR acceleration 10’’ after 
starting dynamic exercise with the stress test, it was found to be sig-
nificantly higher in diabetics compared to controls (111.16±15.97 

vs 88.39±21.30 p<0.0001). The other variables that evaluate the 
recovery of the heart rate through the delta (Δ) at the first and 
second minute, in diabetics a lower response to the change of re-
sponse at the first minute was statistically significant (23.92±8.57 
vs35.39±12.08 p<0.01) Similarly, the delta (Δ) at two minutes had a 
similar behavior to the delta (Δ) of the first minute, but with a great-
er reduction in heart rate response (37.16±11.15 vs 51.39±12.87 
p<0.0001) (Table 4).

Table 4: Variables of Cardiac Autonomic Function in diabetic patients and control group: Valsalva Test and the variables obtained in the 
Exercise Test.

Variables Diabetics n=25 Control Group n=23 p-value

Resting heart rate (bpm) 101,84±15,42 76,78±8,95 0,0001

Valsalva 1,31±0,14 1,50±0,082 0,0001

HR at 10 seconds (bpm) 111,16±15,97 88,39±21,30 0,0001

Δ at the first minute 23,92±8,57 35,39±12,08 0,01

Δ at the second minute 37,16±11,15 51,39±12,87 0,0001

Maximum HR (bpm) 174,8±17,44 171,17±20,41 NS

Total Exercise Time (min) 8,72±2,05 9,57±1,88 NS

METS 9,75±2,36 9,53±2,21 NS

*Note: Data in X±DE. NS: Not Significant; HR: Heart Rate; METS: Metabolic Equivalent.

The simple linear correlation analysis between the B-mode 
echocardiographic parameters with the E/e ratio’ and the Valsal-
va Index and the cardiac autonomic function variables obtained by 
stress test showed that the most significant relationship was ob-

tained by the E/e’ ratio, which showed a direct and inverse linear 
and statistically significant relationship with the Valsalva test (R of 
-0.572 p<0.005) (Figure 2).
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Figure 2: Correlation between E/e’ Ratio with the Valsalva Test.

Similarly, a simple linear correlation analysis was performed 
between resting HR and the presence of DDVI and a positive lin-
ear relationship was found between these two variables (R-0.436; 
p=0.003).With these simple linear correlation results, we proceed-
ed to perform a multiple linear regression analysis , having as de-
pendent variable the E/e ratio’ and as independent variables the 
variables obtained by M Mode Echo and Trans tricuspid Doppler and 
found as independent variables the A wave velocity, with a p<0.001, 
coefficient β= 11.29.(95% CI=9.35.89 to-13.229), the Myocardial 
Performance Index (MRI) with a p<0.008, coefficient β= 5.08.; (95% 
CI between 1.38 to 8.79) , the E/A ratio with a p<0.0001, coefficient 
β= 2.03.(95% CI between 1.37 to 2.69) and the systolic excursion of 
the lateral tricuspid annulus: TAPSE (mm) with a p<0.04 coefficient 
β= -0.101; (95% CI between-0.2 to-0.002) . When multiple regres-
sion analysis was performed with the independent variables of car-
diac autonomic function that had shown significance in the simple 
correlation analysis, in order to know which remained as the main 

independent variable with the dependent variable (E/e’ ratio), it 
was found that the only independent variable was the Valsalva ra-
tio, reaching a level of statistical significance with an R2 of 0.325, 
p<0.001 with a coefficient β= -6.635. (95% CI between -9.470 to 
-3.799). As the Valsalva test index was the most significant indepen-
dent variable in the multiple regression analysis, the cut-off point 
value of this test between the diabetic group and the control group 
was sought. For this, a ROC curve was used, finding a value of ≤1.41, 
to consider an abnormal Valsalva index test with an area under the 
ROC curve of 0.85; p<0.0001, with Sensitivity values of 64%, and 
Specificity of 91.3 % (Figure 3). When a 2x2 Table was performed 
with this value of the Valsalva test with the diabetic patients and 
the controls, it was found that 16 (64%) of the 25diabetic patients 
had an alteration of this test, showing statistical significance with 
a p<0.0006 with respect to the control group, where only 2 (8.7%) 
individuals showed an altered Valsalva test (Table 5).

Table 5: Valsalva Sensitivity in Diabetics and Controls.

Patients

Diabetics Controls Total

Valsalva
Less than or equal to 1.41 64,0% 8,7,0% 37,5%

Greater than 1.41 36,0% 91,3% 62,5%

Total

*Note: OR: 18.67(CI AL 95 %=3.5 A 98.62) p<0.0006
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Figure 3: ROC curve for the Valsalva Ratio.

Right Ventricular Diastolic Dysfunction

When we analyzed the group of diabetics with respect to the 
presence or not of Right Ventricular Diastolic Dysfunction (RVDDD) 
we found that 13 patients (52%) of the sample presented RV Dia-

stolic Dysfunction which was catalogued according to the degrees 
of Diastolic Dysfunction as shown in Table 6. It should be noted that 
there was no significant relationship between RV Diastolic Dysfunc-
tion with respect to the duration in years of DM (Table 6).

Table 6: Degrees of Diastolic Dysfunction of the RV in the Diabetic group.

Diastolic Function Control Group 25(100%)

Abnormal Diastolic Function (Diabetic) 13(52%)

Grade I: 5 (20%)

Grade II: 3 (12%)

Grade III: 5 (20%)

Total: 13 (52%)

Normal 12(48%)

In view of the fact that the E/e’ ratio has implications in right 
ventricular diastolic dysfunction, a cutoff point for this ratio was 
also sought to demonstrate the presence of right ventricular dia-
stolic dysfunction exclusively in the group of diabetic patients as 
a sign of myocardial stiffness. A ROC curve was performed, and 
the cut-off point obtained was an E/e’ ratio≥4.4 with a sensitivity 
of 61.5% and a specificity of 91.7% with an OR=17.6 (95% CI 1.7 
to181.2) p<of 0.01 (Table 7 and Figure 4). Thus, when we took this 
cut-off value for the E/e’ ratio we found that 8 (61.5%) of the13 
type 1 diabetic patients had this ratio altered and 11 patients 
(91.7%) of the 12 diabetic patients without DDVD this ratio was at 
values below 4.4 Table 7.

Similarly, we proceeded to evaluate how diabetics behaved ex-

clusively with respect to this abnormal Valsalva index with the pres-
ence or absence of Diastolic Dysfunction of the RV (DDVD) to know 
to what extent this abnormal Valsalva test could explain this alter-
ation in patients with DDVD with the same cut-off point obtained 
previously≤1.41 Table 5. We found that all 13 patients (100%) of 
the total of those with DDVD showed this abnormal index, and only 
3 (25%) in the group without DDVD (Table 8).

Finally, a correlation analysis was performed between the Val-
salva test and the E/e’ ratio with the variables that measure met-
abolic control, and a direct, positive and statistically significant 
linear relationship was found between the Valsalva test with gly-
cosylated Hb (r=-0.829; p=0.0001) and with fasting glycemia val-
ues (r=-0.631; p=0.001). In turn, the E/e’ ratio showed a direct and 
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positive linear relationship with glycosylated Hb (r=409; p=0.042). 
This suggests that the higher the glycosylated Hb value and the 

higher the fasting glycemia values, the greater the alteration of the 
Valsalva test and the greater the presence of DDVD.

Figure 4: ROC Curve for E/e’ Ratio.

Table 7: Table showing the association of the E/e ratio’ with respect to the presence or absence of RV Diastolic Dysfunction in pa-
tients with Diabetes Mellitus.

DDVD

Yes Dysfunction No Dysfunction Total

Ee¨

Equal to or Greater than 4.4
1

61,5% 8,3% 36,0%

Less than 4.4
5

38,3% 91,7% 64,0%

Total

*Note: OR=17.6 (95% CI 1.7 to 181.2) p<of 0.01    
Table 8: Relationship between the Valsalva Index and the presence of right ventricular dysfunction exclusively in diabetics with and 
without ventricular dysfunction.

DDVD

Dysfunction Present No Dysfunction Total

Valsalva DIC2

Valsalva less than or equal 
to 1.41 100% 25%% 36,0%

Valsalva Major of 1.41
0

0 75% 64,0%

Total 100% 100% 100,0% 100,0%

*Note: OR=73.2 (95% CI 3.3 to 1590.29) p: 0.006

Discussion
In this clinical, observational, non-randomized research on the 

evaluation of the cardiac autonomic nervous system and its asso-
ciation with alteration of right ventricular diastolic function in pa-

tients with type 1 diabetes mellitus, we first found that the resting 
HR in diabetic patients was significantly higher than in the controls. 
Fifty-six percent of diabetics exhibited an altered Valsalva ratio and 
the variables obtained in the stress test: HR acceleration at 10’’ from 
the start of dynamic exercise and heart rate recovery through deltas 
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(Δ) at the first and second minute of recovery were also found to be 
significantly altered in diabetics [33]. Of the 5 Gold Standard Cardi-
ac Autonomic Reflex (CAR) tests proposed by the Toronto Diabet-
ic Neuropathy Consensus Panel (2011 for the diagnosis of cardiac 
autonomic neuropathy (CAR) we selected the Valsalva maneuver 
given that a previous investigation carried out in our center by Dr. 
Gonzalez H, et al. showed that of the5 tests: HR response to deep 
breathing, HR response to standing, HR response to Valsalva ma-
neuver, blood pressure (BP) response to standing and BP response 
to a grip test, the Valsalva Index ratio was superior (p<0.0001) as 
a diagnostic test showing greater sensitivity, specificity and greater 
negative predictive value. [25] Similarly, the Consensus Panel es-
tablishes that at least two of the 5 cardiac autonomic reflex tests 
must be altered in order to establish a definitive diagnosis of cardi-
ac autonomic neuropathy (CAN). The presence of only one of them 
altered makes the diagnosis probable. In this sense, given that 56% 
of our diabetic population presented alteration of the Valsalva ma-
neuver, we can say that these patients have probable CAP. Now, the 
stress test provides an objective global evaluation of the cardiovas-
cular autonomic nervous system through parasympathetic activa-
tion in the post-exercise maximal recovery stage by means of HR re-
covery [34-36]. Several studies show that diabetic patients present 
impaired post-exercise HR recovery (RFC) as a reflection of dysau-
tonomia [6-41].Therefore, the finding of significant alteration of HR 
acceleration 10’’ after the start of exercise and of post-exercise HR 
recovery deltas in our diabetic population allows us to establish 
the existence of an attenuated parasympathetic response, but these 
variables did not correlate with the E/e’ ratio as an indicator of the 
presence of altered RV diastolic function. Although it is true that 
these variables obtained in the stress test do not form part of the cri-
teria established by consensus for the diagnosis of CAP, they could 
be included in the future as autonomic function tests to evaluate 
these patients. It is known that CAP is a microvascular complication 
of diabetes, characterized by abnormal regulation of the cardiovas-
cular autonomic nervous system. Its prevalence is underestimated 
due to the lack of knowledge about it and little active search for 
signs and symptoms. Diagnosis is relevant since it leads to higher 
mortality and deterioration of quality of life in diabetic patients. 
It should be taken into account that the onset of symptoms, which 
are non-specific, is usually late, when management options are lim-
ited. In recent years, publications on the subject have increased, 
which has allowed a better understanding of its pathophysiology, 
epidemiology and clinical manifestations. Similarly, CAD is one of 
the pathophysiological mechanisms involved in the development 
of Diabetic Cardiomyopathy (DCM). Several studies have confirmed 
that Cardiac Autonomic Neuropathy (CAD) has an important rela-
tionship with the development of LV systolic function impairment 
expressed as a reduction in ejection fraction (LVEF) and as an al-
teration of left ventricular filling, which translates into alteration 
of diastolic function. Similarly, diastolic function abnormalities are 
more prevalent in diabetic patients with CAP compared to diabetic 
patients without this complication [42]. 

CAP is characterized by an alteration in the parasympathet-
ic-sympathetic nervous system balance, in which a reduction in 

parasympathetic tone secondary to autonomic neuropathy leads 
to a relative hyperactivity of the sympathetic system. One of the 
pathophysiological aspects related to cardiac autonomic neurop-
athy is the development of ventricular dysfunction. This associa-
tion has been demonstrated mainly for the LV [20-23] and so far 
nothing has been published in the right ventricle. Therefore, the 
most important contribution of our research lies in the fact that we 
demonstrated that 61.5% of diabetic patients with impaired right 
ventricular diastolic function showed an altered Valsalva index ra-
tio compared to the group without right ventricular dysfunction, 
91.7% of whom did not present this alteration, which allowed us 
to demonstrate that dysfunction of the cardiac autonomic nervous 
system manifested mainly by an abnormal Valsalva index ratio is 
associated with DDVD. In relation to the presence of altered RV di-
astolic function, in our study 52% of patients with type 1 DM pre-
sented right ventricular diastolic dysfunction, even with different 
degrees of dysfunction, with 3 patients showing grade III diastolic 
dysfunction of the restrictive type. The variable that obtained the 
greatest significance for the diagnosis of RVVD was the E/e ratio’ 
which translates into greater myocardial stiffness of the chamber 
and therefore limits ventricular filling. Similarly, small but statisti-
cally significant differences were obtained in the largest and small-
est diameter of the RA, mean diameter of the RV and in the thick-
ness of the lateral wall of the RV in diabetics compared to healthy 
controls; however, these did not reach the values considered abnor-
mal according to the guidelines for Echocardiographic Evaluation 
of the Right Heart in Adults of the American Society of Echocardi-
ography [27]. The presence of DDVD in diabetic patients has been 
demonstrated in previous studies [43-47]. Even a study conducted 
by Khattab, et al. [47] which included type 1 diabetic children and 
adolescents showed the presence of RV Diastolic Dysfunction given 
by the presence of decreased tricuspid lateral annulus e’ wave ve-
locity and increased E/e’ ratio which coincides with our findings. 

Regarding the presence of RV systolic dysfunction in type 1 
diabetics, data are scarce. In our investigation only 2 (8%) of the 
patients in the diabetic group showed RV systolic dysfunction 
given by an altered myocardial performance index measured by 
tissue Doppler. Studies using more advanced echocardiographic 
techniques such as strain/strain rate have shown a higher preva-
lence of subclinical systolic dysfunction of both ventricles [46,48]. 
Diabetic Cardiomyopathy (DCM) is considered a relatively common 
entity with an estimated prevalence of around 60%, although the 
true prevalence is not known due to the subclinical nature of this 
entity. Although RV function has been evaluated in several diseases, 
most studies analyzing diabetic cardiomyopathy have focused only 
on the left ventricle. Many of the proposed mechanisms for the im-
pairment of LV function are systemically mediated and, therefore, 
are also likely to affect RV function and the pulmonary vasculature 
equally. Despite the important contribution that the RV confers to 
overall cardiac function, RV dysfunction in CMD has been under-
estimated. This contribution has been recognized in a variety of 
disease states, such as Pulmonary Arterial Hypertension (PAH), 
Coronary Artery Disease (CAD), and arterial hypertension. Several 
studies have pointed out that RV function plays an important role 
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in risk stratification of patients with heart failure and is considered 
a strong predictor of atrial fibrillation onset [49,50].

A limitation of our research is the relatively small sample size, 
which is, however, sufficient to obtain meaningful results. It is worth 
noting that the total estimated sample could not be reached due 
to the reasons imposed by the COVID-19 pandemic. In addition, it 
was a cross- sectional study, Finally, diabetes is associated with pro-
found changes in cardiac metabolism, structure and function. The 
high prevalence of diastolic dysfunction is due to myocardial fibro-
sis, and in the Strong Heart Study [42,51] the extent and frequen-
cy of diastolic dysfunction was directly proportional to the HbA1c 
level probably due to the accumulation of advanced glycation end 
products (AGEs)in the myocardium [52]. Recently, the process of 
advanced glycation has been directly related to alterations in myo-
cardial calcium handling. It has been shown that advanced glyca-
tion of SERCA2a (sarcoplasmic/endoplasmic reticulum Ca2 + -AT-
Pase 2a) leads to a activity and a prolongation of cardiac relaxation 
[53]. In addition, both myocardial apoptosis and fibrosis have been 
identified in diabetic subjects, reflecting hormonal changes, partic-
ularly affecting angiotensin and aldosterone [54]. The perspective 
that all these structural and functional changes affect only the left 
ventricle while the right ventricle remains intact is unreasonable. 
The two ventricles are anatomically linked by their common blood 
supply, muscle fiber anatomy, interventricular septum and pericar-
dium [55] and exhibit interdependence as already demonstrated in 
other conditions such as arterial hypertension. It is also known that 
poor metabolic control is associated with the appearance of CAP. In 
this sense, in our investigation we found that most diabetic patients 
exhibited poor metabolic control given by an elevated HbA1c value 
and this correlated significantly with the presence of altered Val-
salva ratio (p=0.0001). Similarly, elevated fasting glycemia values 
correlated with the probable presence of CAP (p=0.001). The same 
significant correlation was found between HbA1c and the presence 
of DDVD (p<0.042) which also limits the conclusions and the lack 
of follow-up of the study population, to evaluate the behavior of di-
astolic function and the evolution of the SNAC alteration and thus 
be able to know the long-term morbidity and even mortality of this 
population. Another limitation is the absence of echocardiograph-
ic modalities such as strain/strain rate and 3D echocardiography 
in the center where the study was carried out, which would allow 
a better evaluation of possible subclinical RV systolic dysfunction 
and would provide a better assessment of the RV given its complex 
anatomy.

Conclusions 
Diabetes Mellitus is a chronic disease with a very high mor-

bidity and mortality rate, mainly related to cardiovascular disease. 
Cardiac Autonomic Neuropathy (CAN) is a frequent and underdi-
agnosed complication of diabetes and is associated with increased 
mortality from cardiovascular causes. CAP should be recognized 
as a prevalent and important complication by physicians faced 
with the care of patients with diabetes mellitus. [25] Our research 
showed that right ventricular diastolic function is impaired in type 

1 diabetic patients with CAP and this in turn is associated with poor 
metabolic control. This contribution allows us to call attention to 
the importance of evaluating the presence of CAP and to emphasize 
not only the evaluation of LV diastolic function but also right ven-
tricular diastolic function as an initial diabetes-related alteration 
independently of AHT, CAD, or valvular heart disease. Similarly, the 
findings of our study show the importance of achieving adequate 
metabolic control to avoid the appearance or mitigate the delete-
rious effects of CAP and ventricular dysfunction related to diabetic 
cardiomyopathy, either by establishing stricter glycemic control or 
by using specific treatments, taking into account Sodium-Glucose 
Cotransporter Type 2 (SGLT2) inhibitors and the broad benefits 
demonstrated by this pharmacological group in reducing the num-
ber of hospitalizations for heart failure in diabetic patients.
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