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Abstract

Background Cardiac autonomic neuropathy (CAN) is an underdiagnosed complication of type 2 diabetes mellitus
(T2DM) and a predictor of mortality and cardiovascular morbidity. Hence, CAN screening is essential. The objective of
the study was to examine whether cardiac autonomic dysfunction can be predicted using the heart rate response to
deep breathing test of cardiac autonomic reflex tests (CARTs) among type 2 diabetes mellitus.

Methods The study was a cross-sectional study of T2DM individuals between 40 and 65 years. Each participant
underwent a heart rate (HR) response to deep breathing test (CARTSs) as per standard guidelines. ANOVA F-test was
used to check the difference between the CAN severity and the heart rate response to deep breathing parameters. A
post-hoc (Tukey’s) test was used to check which groups showed the difference.

Results Eighty-four participants were screened, of which forty-one were included in the present study. The mean
age of the participants was 58.8+4.0 years. The Fisher’s test showed a statistically significant difference between
groups for the average deep breathing difference (F(3,27)=16.09, p <0.001) and the respiratory sinus arrhythmia index
(F(3,27)=7.35,p<0.001).

Conclusion HR response to deep breathing can be used as a preliminary tool to screen CAN in T2DM to differentiate
between normal and the other stages of CAN, which can then be followed by the gold standard tests. Further studies
are required to establish HR response to deep breathing as a singular tool using regression analysis.

Clinical Trials Registration The study was registered prospectively in the Clinical Trials Registry- India
(CTRI/2023/11/060077) on 21st November 2023.
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Background

Diabetes mellitus (DM) is a public health burden of the
21st century. The prevalence of DM is about 21.4% in
India, with 90% of individuals with diabetes mellitus hav-
ing type 2 diabetes mellitus (T2DM) [1]. Out of the myr-
iad of end-organ complications, one of them is cardiac
autonomic neuropathy (CAN). CAN is defined as the
“impairment of the autonomic nervous system in the set-
ting of diabetes after ruling out all other causes” [2]. CAN
is recognized as an indicator of mortality, morbidity, and
subclinical cardiovascular dysfunction and events [3, 4].
The prevalence of CAN is reported to be between 31 and
73% in T2DM [5]. The Toronto Consensus considers the
following reasons to screen for CAN in individuals with
DM: (1) To diagnose and stage CAN; (2) For cardiovas-
cular risk stratification and risk of other microvascu-
lar complications of DM; (3) To adjust glycemic control
based on the CAN stage. Thus, it is essential to screen for
CAN among T2DM individuals [6].

The screening and diagnosis of cardiac autonomic
neuropathy can be performed by one of the following
methods: cardiac autonomic reflex tests (CARTS), heart
rate variability (HRV) analysis, and baroreflex sensitiv-
ity (BRS). CARTs and HRV are non-invasive measures,
while baroreflex sensitivity is an invasive method for
assessing cardiac autonomic function [7]. CARTs are
a series of non-invasive bedside tests that utilize heart
rate and blood pressure by changing positions and alter-
ing breathing patterns to test parasympathetic and sym-
pathetic systems. They are considered the gold standard
[8]. The following tests are included in the CARTs- heart
rate (HR) response with deep breathing, HR response
with standing, Valsalva maneuver, postural blood pres-
sure change, and sustained handgrip test. While the tests
have good sensitivity and specificity, individual tests have
shortcomings. For example, obtaining the Valsalva ratio
from the Valsalva maneuver is essentially effort-depen-
dent [9], or the postural hypotension test is usually posi-
tive in the severe stage of CAN.

The maximum variation in HRV is seen with deep
breathing [10]. In a retrospective analysis, HR response
to deep breathing test was described as a single test for
CAN screening based on accuracy, followed by Valsalva
maneuver [11]. Another analysis reported the lying to
standing test and Valsalva maneuver [12, 13]. A study by
Abdelwanis et al. utilized a machine learning algorithm
to predict CAN by using a two-stage approach and used
inflammatory markers and Ewing’s tests to make predic-
tions based on each test [14]. A previous meta-analysis
also reported the association of diabetic peripheral neu-
ropathy (DPN) with CAN. They found about 58.9% of
individuals with CAN also had DPN, with significant
heterogeneity between studies [15]. However, there is no
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clear consensus about utilizing a single test for prelimi-
nary screening of CAN in T2DM.

In a clinical setting, performing all tests to screen for
CAN in T2DM may not be possible. Hence, there is a
need to explore a single test for screening for CAN in
T2DM individuals [6]. The objective of the present study
was to examine whether heart rate response to deep
breathing test can predict cardiac autonomic neuropathy
in individuals with type 2 diabetes mellitus.

Materials and methods

The study was a cross-sectional study done in a tertiary
university teaching hospital. The study was carried out
per the Declaration of Helsinki. The study was approved
by the Institutional Ethics Committee (IEC:322/2023)
and registered in the Clinical Trials Registry- India
(CTRI/2023/11/060077). The study is part of a larger
ongoing trial.

Inclusion criteria

Individuals were screened if they were physician-diag-
nosed type 2 diabetes mellitus for more than one year,
aged between 40 and 65 years, of either gender.

Exclusion criteria

The exclusion criteria were type 1 diabetes mellitus, ges-
tational diabetes mellitus, or any other genetic forms:
the presence of any underlying conditions such as recent
myocardial infarction or coronary artery bypass graft,
rheumatic heart disease, abdominal surgery in the past
three months, chronic kidney disease, acute kidney
injury, diabetic retinopathy, pulmonary condition, malig-
nancy or neuromuscular disorder.

Sample size

The G Power software version 3.1.9.7 was used to calcu-
late the sample size. A sample size of 41 was considered
necessary with an effect size of 0.50 and power 0.80 (80%)
and 0.05 « alpha level. The sampling method was conve-
nience sampling for the present study.

Procedure

If the participant satisfies the inclusion criteria, written
informed consent is obtained from the participant. The
participant underwent cardiac autonomic reflex testing
(CARTs) (Ewing’s Tests) using the KODYS Cardiac Auto-
nomic Neuropathy Analyser (KODYSCAN) (CAN-126;
Key no. 2956 3665 4589) to obtain the respiratory sinus
arrhythmia (RSA) index, average deep breathing differ-
ence (avg. DBD) and the expiration to inspiratory (E: I)
ratio. We performed the five Ewing’s tests (HR response
to deep breathing, lying to standing test, Valsalva maneu-
ver, orthostatic hypotension test, blood pressure change
with sustained handgrip). However, the HR response
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to deep breathing test will be considered for the analy-
sis. The tests were performed between 8 am and 9 am
in a dimly lit room at a constant temperature of 22 °C to
24 °C. The tests were performed with participants fast-
ing (for at least eight hours) to avoid consuming caffeine
at least 2 h before the test, avoiding strenuous physical
activity (24 h prior), smoking, and wearing loose, com-
fortable clothing.

Heart rate response to deep breathing test

The test was conducted as per the guidelines given by
Ewing et al. [8]. The participant was asked to be in the
supine lying position and was guided to perform deep
breathing for one minute with six seconds for inspiration
and six seconds for expiration. Three parameters were
obtained: average deep breathing difference (Avg. DBD),
respiratory sinus arrhythmia (RSA) index, and expira-
tion: inspiration (E: I) ratio. Avg. DBD is the “difference
in heart rate is calculated by measuring the difference
between the average of the three highest heart rates and
the average of the three lowest heart rates over the six
breathing cycles” E: I ratio is “the ratio between the aver-
age of the three longest RR intervals during expiration
and the average of the three shortest RR intervals during
inspiration” [6].

Statistical analysis

Data was analyzed using Jamovi 2.3.21 software. The
characteristics of the participants were analyzed using
descriptive statistics. The normality of the data was
checked using the Shapiro-Wilk test. In addition, the
visual assessment for the normality was performed
using histograms. If the criteria of normality were satis-
fied, mean and standard deviation were used to report
the data. Median and interquartile range was reported if
the data (or outcome) was not normally distributed. The
ANOVA F-Test (one-way ANOVA for grouped means)
was used to check the difference between the groups for
the CAN severity and the HR response to deep breath-
ing variables. CAN severity was considered in four stages
per Ewing’s criteria (Ewing et al., 1985). The Fisher’s test
was applied, and descriptive statistics were used to report
the mean and standard deviation of the HR response to
deep breathing variables according to the stage. A post-
hoc test (Tukey’s test) was used to check which groups
showed the difference if the p-value between the groups
was statistically significant (< 0.05).

Results

84 participants were screened, of which 41 were included
in the present study. The mean age of the participants
was 58.8+4.0 years. 26 participants were males (n=26;
63.4%). The body mass index was 25.7 + 3.5 kg/m?. Maxi-
mum individuals had a duration between 6 and 10 years
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Table 1 Characteristics of the participants
Mean £+ SD/median(IQR)

Age (years) 586+5.2
Height (cm) 168.0+9.7
Weight (kg) 73.2+13.7
BMI (kg/m?) 257435
HbA1C (%) 75+15
FBS (mg/dl) 137.0 £40.0
PPBS (mg/dl) 176.0 (88.5)
HR response to deep breathing

Avg. DBD (bpm) 11.7+69
RSA Index 02+0.1

E: l ratio 1.1+0.07

Abbreviation- BMI- Body mass index; HbA1C- glycated hemoglobin; FBS- fasting
blood sugar; PPBS- postprandial blood sugar; HR- heart rate; Avg. DBD- average
deep breathing difference; RSA Index- respiratory sinus arrhythmia index

Table 2 Group descriptives

CAN Severity n Mean+SD
Avg. DBD (bpm) Normal 206+7.1
Early 16 12.7+47
Definite 7 6.2+39
Severe 10 6.7+2.7
RSA Index Normal 04+02
Early 16 02+0.1
Definite 7 0.1+£0.04
Severe 10 0.1+£0.07
E: I ratio Normal 8 1.1£0.1
Early 16 1.1+0.1
Definite 7 1.1+£0.02
Severe 10 1.1+0.1

Abbreviations- Avg. DBD- average deep breathing difference; RSA Index-
respiratory sinus arrhythmia index; E: | ratio- expiration: inspiration ratio; n-
number of participants

(16/41), followed by 10 to 15 years (12/41), more than 15
years (6/41), and 1 to 5 years (7/41). Most participants
were on a diet and oral hypoglycemic agents (about 40%).
The participants had the following comorbidities— hyper-
tension (n=12; 29.2%), dyslipidemia (n=3; 7.3%), hypo-
thyroidism (n=7; 17.0%), and musculoskeletal condition
(n=2;4.8%). The participants were on the following med-
ications— angiotensin receptor blockers (n=6; 14.6%),
angiotensin-converting enzyme inhibitors (n=2; 4.8%),
beta-blockers (n=4; 9.7%), statins (n=3; 7.3%), calcium
channel blockers (n=6; 14.6%) and thyroxine supple-
ments (n=8; 19.5%). Characteristics of the participants
are mentioned in Table 1.

Relationship between the CAN severity and the HR
response to deep breathing parameters

The group descriptives are shown in Table 2. The Fish-
er's test showed a statistically significant difference
between groups for the average deep breathing differ-
ence (F(3,27)=16.09, p<0.001) and the respiratory sinus
arrhythmia index (F(3,27) =7.35, p<0.001). There was no
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statistically significant difference between the groups for
the E: I ratio (F(3,27)=1.39, p=0.13).

The post-hoc test (Tukey’s test) was applied to check
which groups showed the difference in the average deep
breathing difference and the respiratory sinus arrhythmia
index. A statistically significant difference was observed
between the normal stage of CAN and the three stages
(early, definite, severe) for average deep breathing differ-
ence and the respiratory sinus arrhythmia index. Simi-
larly, a statistically significant difference was observed
between the early and definite, and early and severe
stages. Tables 3 and 4 show the difference between the
stages for average deep breathing difference and the
respiratory sinus arrhythmia index.

Discussion

The present study showed a statistically significant differ-
ence between normal CAN and the other stages of CAN
when average deep breathing difference and the respira-
tory sinus arrhythmia index were used to measure the
severity of CAN in individuals with T2DM. Thus, the
results show that the HR response to deep breathing test
has the capability to differentiate between normal CAN
and abnormal (early, definite, or severe) CAN.

Previous studies hypothesized resting heart rate as a
predictor for cardiac autonomic dysfunction and future
cardiovascular events in the general population and indi-
viduals with T2DM [16, 17]. One of the limitations of
using resting heart rate is that it is influenced by the fre-
quency of standing and HRV [18]. In the case of the HR
response to deep breathing test, the parameters obtained
are not influenced by resting heart rate unless it is more
than 100 beats per minute [6].

The study by Bellavere et al. reported a high specific-
ity of 88% for using a combination of the deep breath-
ing test and the lying to standing test [13]. Pafili et al.
also reported the 30:15 ratio (obtained from the lying to
standing test) to have a good potential to predict CAN
in T2DM [12]. In the present study, the HR response to
deep breathing test could differentiate between the nor-
mal and abnormal CAN. The lying-to-standing test can
be added as an adjunct to the deep breathing test to
perform the preliminary screening for CAN. This ini-
tial screening can then be followed by the gold standard
Ewing’s test to confirm the diagnosis of CAN [13]. One
of the advantages of considering the HR response to deep
breathing test is that methodological differences for the
test can be minimized to a greater degree, which may not
be possible for the other tests in the CARTs [6]. In the
present study, the mean values of the deep breathing test
parameters were lower (Table 1). Lower values of these
parameters were reported to be associated with higher
coronary calcium scores and, thereby, the risk of develop-
ing coronary atherosclerosis [19] (Engstrom et al., 2021).
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Table 3 Tukeys post-hoc test for the average deep breathing

difference
Early Definite Severe
Normal MD 7.86 14.35 13.88
p-value 0.003 <0.001* <0.001*
Early MD - 649 6.01
p-value 0.024 0.018
Definite MD - - -0471
p-value - - 0.997
Severe MD - -
p-value - - -

Abbreviations- MD- mean difference; *- statistically significant p-value

Table 4 Tukeys post-hoc test for the RSA index

Early Definite Severe
Normal MD 0.18 0.29 0.29
p-value 0.025 0.002 <0.001
Early MD - 0.10 0.10
p-value - 0.381 0.300
Definite MD - - -0.002
p-value - - 1.00
Severe MD - - -
p-value - - -

Abbreviations- MD- mean difference

Exercise training is an essential aspect of lifestyle man-
agement of type 2 diabetes mellitus, which helps in glyce-
mic control, improving HbA1C, improving muscle mass,
and cardiovascular risk factors [20]. Exercise training has
been shown to improve cardiac autonomic function in
type 2 diabetes mellitus [21-23]. Physical therapists often
administer deep breathing, segmental breathing exer-
cises, and respiratory muscle training to most individu-
als to improve their pulmonary function, quality of life,
and functional capacity in various systemic conditions
[24-26]. Although there are few studies on the effect of
respiratory muscle training and breathing exercises on
improvements in cardiac autonomic, these are shown to
have a positive impact [27]. Future studies can examine
the effect of segmental breathing exercises on the cardiac
autonomic reflex test variables in T2DM.

CAN is a significant complication and is an indepen-
dent predictor of all-cause and cardiovascular mortal-
ity in T2DM [28]. It is an independent risk factor for
arrhythmia, silent ischemia, and myocardial dysfunction
[29]. The pathogenesis of CAN is complex and multifac-
torial. The presence of hyperglycemia, genetic predis-
position, inflammation, age-related neuronal death, and
obstructive sleep apnea in individuals with type 2 diabe-
tes mellitus make them more susceptible to the devel-
opment of CAN [30, 31]. The symptoms of CAN (e.g.,
orthostatic hypotension, exercise intolerance) appear in
the severe stage, with pre-existing systemic conditions.
Thus, there is a need and scope for a preliminary test
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(such as HR response to deep breathing) for screening in
a clinical setting, which can be followed by the utilization
of other methods of diagnosis, which can aid in strength-
ening the pharmacological and non-pharmacological
management strategies.

One of the strengths of the present study is that the
study population resembles the real world, where a co-
existence of type 2 diabetes mellitus occurs with other
comorbidities. Also, the present study demonstrated the
practical utility of cardiac autonomic reflex tests in a clin-
ical setting. Our study had a few limitations- we did not
control for the medications. However, participants were
asked not to consume medications that alter blood pres-
sure and heart rate before the testing. Also, the minute
variations in the breathing pattern cannot be controlled;
participants were given standard instructions to avoid
significant variations between individuals. Potential bias
in the study may have occurred due to the inclusion cri-
teria (selection bias). Participants with other comorbidi-
ties, such as hypertension and hypothyroidism, could
not be excluded as these often coexist in individuals with
T2DM, and therefore, practically, it is difficult to have
individuals with only T2DM. However, the comorbidities
were controlled, and participants were on pharmacologi-
cal management for the same. Further studies with larger
sample sizes can perform logistic regression analysis to
check the association between the HR response to deep
breathing tests and the cardiac autonomic neuropathy
severity.

Conclusion

The present study showed the HR response to deep
breathing test as a potential screening tool to differenti-
ate between normal and abnormal cardiac autonomic
neuropathy in type 2 diabetes mellitus. The cardiac auto-
nomic reflex tests are not routinely performed in the
clinical setting. Individuals with type 2 diabetes mellitus
are at risk of falls [32, 33] (one of the causes being pos-
tural hypotension). Hence, performing all tests may not
be feasible. Considering a comprehensive assessment
that is performed in all individuals with type 2 diabetes
mellitus, the HR response to deep breathing test can be
used routinely in a heavily engaged clinical setting to
screen for CAN. However, further studies with a larger
sample size to facilitate regression analysis are required
to establish the same. The study falls within the United
Nations Sustainable Development Goal - 3 (Good Health
and Wellbeing).
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