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Subclinical inflammation and endothelial dysfunction are linked
to cardiac autonomic neuropathy in type 2 diabetes
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Abstract
Purpose The present study aimed to examine association between inflammatory and endothelial function biomarkers
and indices of cardiac autonomic control in T2DM patients.
Methods 50 T2DM patients were recruited for this study. For cardiac autonomic function, cardiovascular autonomic
reflex tests (CARTs) and heart rate variability (HRV) analysis was performed. Blood samples were collected for
evaluating inflammatory and endothelial function biomarkers. Multivariable linear regression analysis adjusted for
diabetes duration, glycemic control, waist circumference, hypertension, dyslipidemia, metformin, and statins was
performed to examine the association between the biomarkers and cardiac autonomic function parameters.
Results Interleukin-6 was inversely related to total power (p = .009) and low frequency power (p = .04). Interleukin-
18 and high sensitivity C-reactive protein inversely correlated with measures of cardiac vagal control (p < .05). Both
nitric oxide and endothelial nitric oxide synthase were positively linked with cardiac vagal control indices (p < .05)
whereas endothelin-1 did not show any independent association with cardiac autonomic function parameters.
Conclusions Biomarkers of inflammation and endothelial function are associated with measures of cardiac vagal
control and global HRV which suggest that there is some pathophysiological link between subclinical inflammation,
endothelial dysfunction and cardiac autonomic dysfunction in T2DM.
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Abbreviations
CAN Cardiac autonomic neuropathy
T2DM Type 2 diabetes mellitus
IL-6 Interleukin-6
IL-18 Interleukin-18
hsCRP high sensitivity C-reactive protein
NO Nitric oxide

eNOS Endothelial nitric oxide synthase
ET-1 Endothelin-1
CVD Cardiovascular disease
HRV Heart rate variability
HR Heart rate
DBT Deep breathing test
VM Valsalva Maneuvre
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HUT Head-up tilt
BP Blood Pressure
HGT Hand grip test
30/15 ratio ratio of largest and shortest R-R interval

at 30th and 15th second of head-up tilt test
ECG Electrocardiography
FFT Fast Fourier transform
mean NN average of N-N intervals
SDNN Standard deviation of N-N intervals
RMSSD Root mean square of successive

differences between adjacent R-R intervals
pNN50 percentage of consecutive N-N intervals

that vary by more than 50 ms
TP Total power
LF Low frequency power
HF High frequency power
LF/HF ratio Ratio of low and high frequency

power
CV Coefficient of variability
HbA1c Glycosylated hemoglobin
WC Waist circumference
CI Confidence intervals
VIF Variance inflation factor
T1DM Type 1 diabetes mellitus
CARTs Cardiovascular autonomic reflex tests
ANS Autonomic nervous system

Introduction

In spite of the fact that cardiac autonomic neuropathy (CAN)
is fairly prevalent in type 2 diabetes mellitus (T2DM), still,
there seems to be lack of clarity on its pathophysiological links
to other systems [1]. Subclinical inflammation has been found
to accelerate the process of cardiovascular damage in T2DM
[2] and devastating effects of T2DM on vascular endothelium
remains to be the major cause behind various cardiovascular
complications of diabetes [3]. However, the precise link of
subclinical inflammation and endothelial dysfunction has not
been understood in relation to the pathophysiology of CAN.

Literature [4] has indicated a clear relation between inflam-
mation and development of sensorimotor polyneuropathy in
individuals with diabetes, but their relevance for the develop-
ment of CAN is not yet fully understood. The most common
biomarkers of inflammation which are associated with cardio-
vascular dysfunction are interleukin-6 (IL-6) and high sensi-
tivity C- reactive protein (hsCRP). Both IL-6 and hsCRP are
found to be correlated with measures of cardiac autonomic
function in healthy individuals [5, 6]. However, their associa-
tion was found to be affected by the presence of cardiovascu-
lar risk factors in a recent study on T2DM patients [7]. In the
same study [7], IL-18 was found to be inversely related with
measures of cardiac vagal control. However, since the

presence of CAN has the potential to alter the cardiovascular
physiology [8] and possible inter-relationships between the
systems, evaluation of the above mentioned associations are
warranted in T2DM patients with CAN.

The endothelium is a complex organ with specific proper-
ties essential for control of vascular functions. The most wide-
ly used clinical endpoint for the assessment of endothelial
function remains to be endothelium-dependent vasomotion.
The primary vasodilator released by the endothelium is nitric
oxide (NO) by the action of endothelial NO synthase (eNOS)
[9]. NO produced by the vascular endothelium induces relax-
ation of the vascular smooth muscle by a sequence of enzy-
matic reactions. Endothelial dysfunction is associated with
decreased NO availability [10] and is regarded as an important
factor in the pathogenesis of diabetic micro and
macroangiopathy [11]. Endothelin-1 (ET-1) is a potent vaso-
constrictor peptide which promotes sympathetic innervations
of the heart [12] and thus plays a crucial role in adverse cardiac
remodeling [13]. Thus, autonomic and endothelial dysfunc-
tion usually co-exists in the development of cardiovascular
diseases which suggests complex interactions between the
two systems.

Keeping in mind that CAN have devastating cardiovascu-
lar consequences, it becomes extremely important to identify
the factors associated with its occurrence. Though subclinical
inflammation and endothelial dysfunction are closely linked
to cardiac autonomic function in both healthy [14, 15] and
diseased conditions [16, 17], their association has been scant-
ily investigated in T2DM patients. Therefore, the present
study intended to investigate the association of biomarkers
of subclinical inflammation and endothelial function with pa-
rameters of cardiac autonomic function in T2DMpatients with
CAN. We hypothesized that there will be a significant associ-
ation between biomarkers of inflammation and endothelial
function and parameters of cardiac autonomic function in
these patients.

Methods

Study participants

The sample size for the present study was calculated using
Software G. Power 3.1.9.2. Using the regression coefficient
between IL-18 and high frequency (HF) power of HRV from a
previous study [7], an effect size of .38 was obtained at an α
value of .05 and power of .90. Based on these effect estimates,
a sample size of 50 participants was found to be necessary to
test the study hypothesis. Fifty T2DM patients were recruited
from the medical centre of JamiaMillia Islamia after obtaining
clearance from the Institutional Ethics Committee. Patients
diagnosed with T2DM (≥ 1 year) and found to be positive
for CAN based on standard clinical autonomic test battery
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[18] were enrolled into the study and those with any known
cardiovascular disease (CVD), pulmonary disorder, uncon-
trolled hypertension, acute inflammatory disease, and morbid
obesity were excluded. Written informed consent was obtain-
ed from each participant and study procedures were employed
in accordance with the declaration of Helsinki, 1964.

Study protocol

After initial screening for eligibility by competent medical
professionals, the tests for glycemic and lipid profile were
performed in the pathology laboratory of the medical centre.
CAN was evaluated using the standard clinical autonomic test
battery and patients found to be positive for CANwere further
assessed for heart rate variability (HRV). Venous blood sam-
ples of patients were collected on a separate day after over-
night fasting in order to evaluate serum levels of inflammatory
and endothelial function biomarkers.

Autonomic function testing

Cardiovascular autonomic reflex tests (CARTs)

CARTs comprised of 3 heart rate (HR) tests [deep breathing
test (DBT), Valsalva maneuver (VM), head-up tilt (HUT) test]
and two blood pressure (BP) tests [HUT, hand grip test
(HGT)]. These tests were serially conducted to obtain mea-
sures of parasympathetic (30/15 ratio, ΔHR, Valsalva ratio)
and sympathetic cardiac activity [Δ systolic BP (ΔSBP), Δ
diastolic BP (ΔDBP)]. SBP fall to postural stress and R-R
responses at the 15th and 30th s of the HUT test were used
to compute 30/15 ratio. DBT constituted of deep inspiration–
expiration for six consecutive cycles, which was later ana-
lyzed to obtain change in HR (Δ HR) to deep breathing ma-
neuver. Δ HR shows the integrity of the vagal afferent and
efferent pathways, whereas the 30/15 ratio examines the in-
tegrity of vagal-mediated baroreflex function. Furthermore,
patients were asked to perform Valsalva maneuver for 15 s
to raise the mercury level to 40 mmHg on a manual manom-
eter. Valsalva ratio was calculated by dividing the largest and
the smallest R-R values at the 2nd and 4th stages of the ma-
neuver and is considered to represent both sympathetic and
parasympathetic function. Finally, DBP response to HGTwas
assessed during a hold of hand grip dynamometer at 30% of
the patient’s maximum voluntary isometric contraction
(MVIC). SBP response to postural change and DBP response
to HGT are considered as measures of sympathetic reactivity.
Based on the findings of CARTs, patients were classified as
no-CAN or with CAN (early, definite, or severe CAN) using
the Ewing’s criteria (Ewing et al., 1985). During CARTs as-
sessment, R-R intervals were recorded by Lab Chart software
version 7.3.7. (Power Lab 8 SP, AD Instruments, New

Zealand) while BP responses were assessed using a manual
sphygmomanometer [18].

HRV assessment

HRV testing was performed in a quiet, temperature-controlled
room (24 °C) after a rest period of at least 15 min in the supine
position. Lead II electrocardiogram (ECG) was recorded for
10 min for each patient. The last 5 min segment of the 10 min
record was analyzed for time and frequency domain variables
of HRV by locating peaks of R waves (Power Lab 8 SP, AD
Instruments, New Zealand) while resting HR was derived
from the resting ECG record. Data were visually inspected
for ectopic beats and these were interpolated if found to be
≤10%, however, >10% ectopic beats in any data record were
not considered acceptable for analysis. R-R interval time se-
ries was decomposed into its frequency components using
Fast Fourier Transform (FFT) for spectral analysis. The power
density in areas of low frequency (LF; 0.04 to 0.15 Hz) and
HF (HF; 0.15 to 0.4 Hz) bands were calculated in absolute
(ms2) and normalized units (nu). Standard time domain indi-
ces i.e. average of N-N intervals (mean NN), standard devia-
tion of N-N intervals (SDNN), root mean square of successive
differences between adjacent R-R intervals (RMSSD), per-
centage of consecutive N-N intervals that vary by more than
50 ms (pNN50) and frequency domain indices i.e. total power
(TP), LF power, HF power and LF/HF ratio were obtained
through analysis. Both data acquisition and post-acquisition
analysis were carried out in accordance with the guidelines
proposed by the Taskforce of European Society of
Cardiology and North American Society of Pacing and
Electrophysiology [19].

Biochemical analysis

Venous blood samples were collected after overnight fasting
of 8–12 h for all participants. HbA1c was measured using
high-performance liquid chromatography [20]. Fasting blood
glucose was estimated by glucose oxidase-peroxidase method
[21] and the lipid markers were measured by diagnostic kit
method (Randox Labs Ltd., UK). Low density lipoprotein
cholesterol and very low density lipoprotein cholesterol were
calculated using Friedwald’s equation. Serum levels of endo-
thelial function biomarkers [NO (sensitivity: 1.12 μmol/L,
intra-assay coefficient of variability (CV) < 8%, inter-assay
CV < 10%), eNOS (sensitivity: .25 U/ml, intra-assay CV <
8%, inter-assay CV < 10%)), ET-1(sensitivity: 1.01 ng/L,
intra-assay CV < 8%, inter-assay CV < 10%)] and inflamma-
tory biomarkers [IL-6 (sensitivity: 1.03 ng/L, intra-assay CV
< 8%, inter-assay CV < 10%), IL-18 (sensitivity: .02 ng/L,
intra-assay CV < 8%, inter-assay CV < 10%)] were evaluated
using ELISA kit according to the manufacturer’s instructions
(Bioassay Technology Laboratory, China). Intra- and inter-
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assay CV was <8% and < 10% respectively for these bio-
chemical kits. hsCRP levels were measured by a highly sen-
sitive ELISA kit (Elabscience, USA).

Statistical analysis

Data are presented as mean ± standard deviation, or as fre-
quencies/percentages. Normality of the data was examined
using Shapiro-Wilk test. Variables without Gaussian distribu-
tion were log-transformed prior to further analysis. First, the
association between biomarkers and measures of cardiac au-
tonomic function was assessed using Pearson’s correlation
coefficient and those came out to be significant were further
examined by multivariable linear regression analysis.
Diabetes duration, HbA1c, waist circumference (WC), hyper-
tension, dyslipidemia, medications such as metformin and
statins (considering their influence on cardiac autonomic func-
tion) were used as co-variables in the regression model. Co-
variables for adjustment in the multivariable linear regression
model were selected based on their strong clinical association
with measures of CAN. Previously, it has been shown that
diabetes duration, HbA1c andWC are linearly correlated with
cardiac autonomic dysfunction in diabetes [22, 23]. Presence
of hypertension and dyslipidemia may also confound the re-
lationship between biomarkers and measures of cardiac auto-
nomic control as these conditions may independently cause
cardiac autonomic dysfunction [24, 25].Moreover, drugs such
as metformin and statins may also modify cardiac autonomic
control [26, 27]. Each biomarker which showed significant
correlation with cardiac autonomic function was entered into
the regression model along with the above-mentioned co-var-
iables. Standardized regression coffiecient (β) and its confi-
dence intervals (CI) were utilized to indicate the magnitude of
association between the dependent (cardiac autonomic func-
tion) and independent variables (biomarkers) after adjusting
for co-variables. Co-linearity between independent variables
in multivariable regression models was assessed by calculat-
ing the variance inflation factor (VIF) which measures infla-
tion in the variances of the parameter estimates due to multi-
collinearity potentially caused by the correlated predictors.
Although there are no universal cut-off values available for
VIF, roughly a value of 3–5 is considered to be a cause of
concern and a value ≥10 indicates serious co-linearity prob-
lems [28]. All statistical analysis was carried out using IBM
SPSS Statistics ver 21.0., USA. P values <0.05 were consid-
ered to indicate statistically significant associations.

Results

All 50 participants completed cardiac autonomic and bio-
chemical testing. Demographics, clinical characteristics and

medications used by the patients are presented in Table 1.
Descriptive statistics for biomarkers of inflammation and en-
dothelial function along with parameters of cardiac autonomic
function are presented in Table 2. VIF came out to be <2 for all

Table 1 Demographic and clinical characteristics of type 2 diabetes
mellitus patients

Variables Mean ± SD (n = 50)

Demographics
Age (years) 53.1 ± 7.42
Sex (M/F), n 28/22
Weight (kg) 72.3 ± 12.25
Height (cm) 161.6 ± 8.76
BMI (kg/m2) 27.7 ± 4.46
DM duration (years) 8.5 ± 6.32
Physical activity levels (MET-min/week) 533.1 ± 436.69

Glycemic control
FBG (mg/dl) 158.2 ± 57.80
PPBG (mg/dl) 223.7 ± 87.67
HbA1c (%) 8.2 ± 1.60

Cardiovascular risk profile
TC (mg/dl) 179.3 ± 34.89
TG (mg/dl) 159.7 ± 88.02
LDL (mg/dl) 104.8 ± 32.74
HDL (mg/dl) 43.9 ± 7.66
VLDL (mg/dl) 27.5 ± 10.77
HR (bpm) 81.6 ± 13.06
SBP (mmHg) 125.5 ± 14.05
DBP (mmHg) 75.8 ± 7.97
WC (cm) 94.7 ± 10.71
WHR 1.0 ± 0.12
BF (%) 28.3 ± 10.35

DM complications (n, n%)
Peripheral neuropathy 6 (12)
Retinopathy 3 (6)
Microalbuminuria 1 (2)

Co-morbidities (n, n%)
Hypertension 20 (40)
Dyslipidemia 28 (56)
Thyroid dysfunction 12 (24)
Musculoskeletal issues 5 (10)

Medications (n, n%)
Metformin 29 (58)
Sulphonylureas 13 (26)
DPP4 inhibitors 4 (8)
β blockers 6 (12)
ACE inhibitors 6 (12)
Calcium channel blockers 1 (2)
Insulin 4 (8)
Statins 9 (18)
Levo-thyroxine 6 (12)
Thiazolidinedione 1 (2)
Dapagliflozin 1 (2)
PPI inhibitors 1 (2)
Glucosidase inhibitor 1 (2)
Gliclazide 1 (2)

M: males; F: females; BMI: body mass index; DM: diabetes mellitus;
MET: metabolic equivalent; FBG: fasting blood glucose; PPBG: post-
prandial blood glucose; HbA1c: glycosylated hemoglobin; TC: total cho-
lesterol; TG: triglycerides; LDL: low density lipoproteins; HDL: high
density lipoproteins; VLDL: very low density lipoproteins; WC: waist
circumference; WHR: waist-hip ratio; BF: body fat; HR: heart rate;
DPP4: dipeptidyl peptidase-4; ACE: angiotensin converting enzyme;
PPI: proton pump inhibitor; n: number; %: percentage
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co-variables (Supplementary material 1) which indicates that
the present analysis was not affected by co-linearity among
independent variables in the multivariable linear regression
analysis.

Initially, significant inverse correlation was observed be-
tween IL-6 and TP (r = −.34; p = .01) and LF power (r =
−.36; p = .009) which was later confirmed to be significant
and independent in the regression analysis. Significant inverse
associations were also found between IL-18 and measures of
cardiac vagal control (RMSSD, pNN50 and HF power)
(p < .05) which remained robust after adjusting various clini-
cal confounders. hsCRP demonstrated significant inverse

association with CARTs such as ΔHR (r = −.40; p < 0.01)
and 30/15 ratio (r = −.32; p = .02) and also with HRV param-
eters such as RMSSD (r = −.40; p = .003), TP (r = −.35;
p = .01), LF (r = −.31; p = .02) and HF power (r = −.42;
p = .002). However, association of hsCRP with ΔHR and HF
power were confounded by WC (ΔHR, p = .01; HF power,
p = .04) when assessed by multivariable regression analysis
(Tables 3 and 4; Fig. 1).

NO showed significant positive association with ΔHR
(r = .55, p < 0.001), 30/15 ratio (r = .46; p = .001), RMSSD
(r = .65, p < .001), TP (r = .30; p = .03) and HF power
(r = .32, p = .02). Except forΔHR and TPwhichwere explained
by WC (p = .003) and the presence of hypertension (p = .002),
association with other measures of cardiac autonomic function
remained intact when NO was entered into multivariable re-
gression model. There were significant positive correlations
between eNOS and ΔHR (r = .50; p < .001), 30/15 ratio
(r = .46; p = .001) and RMSSD (r = .43; p = .002) which
remained robust with 30/15 ratio [β (CI) = .33 (.005, .04;
p = .03] and RMSSD [β (CI) = .44 (.09, .45); p = .004] in the
regression analysis. ET-1 demonstrated significant inverse as-
sociations only with ΔHR (r = −.55; p = .001) which was con-
founded by WC (p = .004) in the regression analysis (Tables 3
and 4; Fig. 1). Detailed results of the multi-variable regression
analysis are presented in supplementary material 2 and 3.

Discussion

Findings of the present study suggest that biomarkers of sub-
clinical inflammation (IL-6, IL-18 and hsCRP) were inversely
associated with parameters of cardiac vagal control (RMSSD,
pNN50, HF power) and global variability (TP and LF power)
in T2DM patients. Biomarkers of endothelial function such as
NO and eNOS were independently and positively associated
with parameters of cardiac vagal control (30/15 ratio,
RMSSD, HF power) whereas ET-1 is not independently asso-
ciated with any measure of cardiac autonomic control.

In the present study, IL-6 was inversely related to TP and
LF power of HRV. IL-6 is a cytokine that acts both in the
innate and adaptive immune response [29]. Although it is
known as a chief regulator of acute phase inflammatory re-
sponse [30], however, its critical role in the transformation
from acute to chronic inflammation has also been established
[31]. A significant independent inverse association of IL-6
with TP and LF power clearly indicates that increased IL-6
levels may compromise HRV in T2DM patients. Although in
the present study, IL-6 was not associated with any specific
parameter of either sympathetic or vagal cardiac control which
indicates the imprecision of its relationship with cardiac auto-
nomic function in T2DM. Recently, Herder et al. [7], in a
study on T2DM patients showed that IL-6 was inversely re-
lated to LF and HF power of HRV which were lost when

Table 2 Biomarkers and parameters of cardiac autonomic function in
Type 2 diabetes mellitus patients

Variables Mean ± SD (n = 50)

Inflammatory and endothelial function

IL-6 (ng/L) 21.8 ± 13.98

IL-18 (ng/L) 183.2 ± 136.89

hs CRP (mg/L) 2.3 ± 1.39

NO (μmol/L) 107.1 ± 92.54

ENOS (U/ml) 77.0 ± 59.62

Endothelin 1 (ng/L) 120.5 ± 76.59

Heart rate variability

mean NN (ms) 742.7 ± 118.01

SDNN (ms) 29.6 ± 19.28

RMSSD (ms) 33.8 ± 17.03

pNN50 (%) 1.75 ± 2.67

TP (ms2) 750.9 ± 527.40

LF power (ms2) 160.9 ± 126.13

LFnu 43.0 ± 21.71

HF power (ms2) 223.8 ± 206.38

HFnu 49.9 ± 21.36

LF/HF ratio 1.5 ± 2.67

CARTs

Δ HR (bpm) 12.2 ± 5.26

VR 1.3 ± 0.45

30/15 ratio 1.1 ± 0.18

Δ DBP (mmHg) 11.6 ± 8.12

Δ SBP (mmHg) 4.7 ± 12.39

IL: interleukin; hsCRP: high-sensitivity C-reactive protein; NO: nitric
oxide; ENOS: endothelial nitric oxide synthase; Mean NN: average of
N-N intervals; SDNN: standard deviation of N-N intervals; RMSSD: root
mean square of successive differences between adjacent R-R intervals;
pNN50: percentage of consecutive N-N intervals that differ by more than
50 ms; TP: total power; LF: low frequency power; HF: high frequency
power; LF/HF ratio: ratio of low and high frequency power; CARTs:
cardiovascular autonomic reflex tests; Δ: delta; VR: valsalva ratio; 30/
15 ratio: ratio of R-R interval during 30th and 15th second of the head-up
tilt test; DBP: diastolic blood pressure; SBP: systolic blood pressure;
HGT: hand grip test; ms: milliseconds; %: precent; nu: normalized units;
ng: nanogram; L: liters; ml: milliliters; ms: milliseconds; bpm: beats per
minute;
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adjusted for co-variables related to cardiovascular risk. In con-
trary to this, the association of IL-6 with HRV parameters in
the present study remained stable even after adjusting for var-
ious co-variables (Table 4). These differences may be attrib-
uted to the fact that Herder et al. [7] assessed this association
on a sample of recently diagnosed T2DMpatients (< 1 year) in
contrary to our sample where duration of DM was 8.5 ±

6.32 years. It has been revealed that duration of diabetes de-
termines the development of diabetic complications and that
systemic inflammation usually sets in the later course of the
disease [32]. These discrepancies also indicate that cardiac
autonomic dysfunction during the initial years of diabetes (<
1 year) may not be determined by systemic inflammation
whereas it may be accounted as a potential determinant of

Table 3 Correlation coefficients between biomarkers and parameters of cardiac autonomic function

Variable Δ HR VR ΔDBP 30/15 ratio ΔSBP mean NN SDNN RMSSD pNN50 TP LF power HF power LF/HF ratio

IL-6 −.03 −.03 −.011 −.011 .11 −.16 −.20 −.10 −.002 −.34* −.36* −.17 .009

IL-18 −.18 −.16 −.17 −.04 .007 −.03 −.18 −.28 −.53** −.25 −.21 −.34* .21

hsCRP −.4** −.008 −.23 −.32* −.03 .03 −.24 −.40** −.36 −.35* −.31* −42** .22

NO .55** 0.05 .10 .46** .09 .05 .26 .65** .01 .30* .13 .32* −.25
eNOS .50** −.006 .10 .46** .14 −.14 −.06 .43** −.07 .07 −.002 .17 −.20
ET-1 .55** −.05 −.09 −.18 −.07 −.02 −.001 −.22* .03 −.03 −.02 −.18 .22

IL: interleukin; hsCRP: high-sensitivity C-reactive protein; NO: nitric oxide; eNOS: endothelial nitric oxide synthase; ET-1: endothelin-1; mean NN:
average of N-N intervals; SDNN: standard deviation of N-N intervals; RMSSD: root mean square of successive differences between adjacent R-R
intervals; pNN50: percentage of consecutive N-N intervals that differ by more than 50 ms; TP: total power; LF: low frequency; HF: high frequency; LF/
HF ratio: ratio of low and high frequency power; ΔHR: change in heart rate during deep breathing test; VR: valsalva ratio; 30/15 ratio: ratio of R-R
interval during 30th and 15th second of the head-up tilt test; ΔDBP: change in diastolic blood pressure during hand grip test; ΔSBP: change in systolic
blood pressure during head-up tilt test; *p < .05; **p < .01

Table 4 Multivariable linear regression models explaining association between biomarkers and parameters of cardiac autonomic function

Cardiac autonomic
function measures

Biomarkers β CI p value

TP IL-6 −.46 −.90, −.13 .009*

LF power IL-6 −.35 −.83, −.01 .04*

RMSSD IL-18 −.37 −.57, −.01 .03*

pNN50 IL-18 −.52 −1.58, −.14 .02*

HF power IL-18 −.40 −1.22, −.11 .01*

Δ HR hsCRP −.37 −.41, −.05 .01#

RMSSD hsCRP −.41 −.54, −.08 .009*

30/15 ratio hsCRP −.37 −.14, −.01 .01*

TP hsCRP −.37 −.70, −.06 .01*

LF power hsCRP −.34 −.70, −.004 .02*

HF power hsCRP .49 −1.21, −.33 .001#

Δ HR NO .60 .23, .54 < .001#

30/15 ratio NO .41 .02, .15 .006*

RMSSD NO .74 .55, 4.20 < .001*

TP NO .43 .15, .79 .005#

HF power NO .41 −.19, 1.14 .007*

Δ HR eNOS .47 .10, .37 .001#

30/15 ratio eNOS .33 .005, .10 .03*

RMSSD eNOS .44 .09, .45 .004*

Δ HR ET-1 −.56 −.64, −.24 <.001#

β: beta; CI: confidence intervals; ΔHR: change in heart rate during deep breathing test; 30/15 ratio: ratio of R-R interval during 30th and 15th second of
the head-up tilt test; RMSSD: root mean square of successive differences between adjacent R-R intervals; pNN50: percentage of consecutive N-N
intervals that differ by more than 50 ms TP: total power; LF: high frequency; HF: high frequency; IL: interleukin; hsCRP: high-sensitivity C-reactive
protein; NO: nitric oxide; ENOS: endothelial nitric oxide synthase; *significant independent association; # association explained by co-variables; refer to
supplementary material 2 and 3 for more details
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autonomic imbalance in the later stages of the disease.
However, Lieb et al. [33] found a significant correlation be-
tween IL-6 and cardiac autonomic function in patients with
recent-onset and established diabetes both. Another recent
study [28] also conforms to the findings of Herder et al. [7]
and reported that association between IL-6 and sympatho-
vagal balance was partially mediated by cardiovascular risk
factors. These variations in the findings of the present and
previous research [7, 34] suggest that the relationship between
IL-6 and cardiac autonomic function remains complex and
needs to be further explored by more robust designs account-
ing for each and every aspect of the disease. In line with the
findings of the present study, robust relationship has been
observed between IL-6 and measures of autonomic function
in patients with long-standing type 1 diabetesmellitus (TIDM)
[35] which again suggests the importance of disease duration
with respect to association of IL-6 and autonomic nervous
system (ANS).

IL-18 belongs to the IL-1 family of cytokines with mainly
pro-inflammatory properties [36]. The present study illustrated a
significant inverse association between IL-18 and cardiac vagal
control (RMSSD, pNN50, HF power) even after adjusting for
potential confounders (Table 4). These findings are consistent
with the findings of a previous investigation [7] where a signif-
icant inverse association was observed between IL-18 and HF
power and RMSSD in a sample of recent-onset T2DM patients.
Findings of ours and their study [7] suggest that association
between IL-18 and measures of vagal cardiac control remains
significant in both recent-onset and long-term diabetes and
clearly registers the possible role of IL-18 in the pathogenesis
of diabetic CAN. Although the underlining biological plausibil-
ity behind these findings are unknown, however, down

regulation of IL-18 by activation of the parasympathetic nervous
system has been reported [37]. Also, a strong link between IL-
18 and stress [38] further underlines the speculation that IL-18
does play a role in causing adverse autonomic modulation in
diseased conditions which themselves may be considered a
stress stimulus to the human body. It has been reported that
IL-18 is elevated in other cardiac conditions and it appears to
likely participate in the pathophysiology of cardiovascular dis-
eases [39]. It is believed that the activation of IL-18 by activation
of the hypothalamus-pituitary axis (HPA) is mediated by the
ANS which underlines the possible association between IL-18
and cardiac autonomic control [37].

In the present study, hsCRP was found to be inversely
associated with cardiac autonomic function measures such
as RMSSD, TP and LF power when adjusted for co-variables.
These findings corroborate well with the previous findings
[40] where high hsCRP levels have altered cardiac autonomic
function in T2DM patients. In contrary, a recent study [7]
showed that association between CRP levels and measures
of sympathetic and parasympathetic tone were confounded
by anthropometric, metabolic and lifestyle variables whereas
in the present study, association between hsCRP and cardiac
autonomic function measures (RMSSD, TP, and LF power)
remained robust after adjustment of co-variables, however, its
relationship with CARTs got influenced by co-variables in the
regression analysis (Table 4). Similar to the present findings,
CRP levels have shown inverse cross-sectional relationship
with cardiac vagal activity (HF power) in young adults after
adjusting demographic and clinical confounders [41].
Low levels of LF power have also found to be associ-
ated with higher levels of CRP in T1DM patients in
adjusted analysis [42].

Fig. 1 Forest plots demonstrating regression coefficients (β) and corre-
sponding 95% confidence intervals for significant associations between
biomarkers andmeasures of cardiac autonomic function in type 2 diabetes
mellitus patients. Associations which were independent of the influence
of any co-variable are presented. IL-6: interleukin-6; IL-18: interleukin-
18; hsCRP: high sensitivity C-reactive protein; TP: total power; LF: low

frequency power; NO: nitric oxide; eNOS: nitric oxide synthase; HF:
high frequency power; RMSSD: root mean square of successive differ-
ences between adjacent R-R intervals; pNN50: percentage of N-N inter-
vals that vary by more than 50 ms; 30/15 ratio: ratio of 30th and 15th R-R
interval during head-up tilt test
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Findings of the present study showed that serum levels of
inflammatory biomarkers were inversely associated with mea-
sures of cardiac vagal activity or/and global variability in HR.
However, no significant relationship was observed between
subclinical inflammation and cardiac sympathetic activity in
the present sample which may suggest that the involvement of
inflammation-mediated sympathetic nervous system activity
is not present in the early stages of CAN (majority of patients
in the present study were in early stage of CAN) and that it
may be involved in the later course of diabetic CAN.
Conversely, experimental findings suggest immunomodulato-
ry functions of the autonomic nervous system (ANS) [43].
Vagal stimulation, in particular, may reduce inflammatory re-
actions by inhibiting tissue macrophage activation and this
process is known as “cholinergic anti-inflammatory pathway”
[43]. On the other hand, high sympathetic activity may favour
inflammatory reactions [44]. Inflammation products have also
potential to influence ANS activity by stimulating autonomic
related centres in the hypothalamus and limbic system [45].

NO is a soluble gas, continuously synthesized from the
amino acid L-arginine in endothelial cells by the constitutive
calcium calmodulin-dependent enzymeNOS [46]. NO plays a
crucial role in maintaining the integrity of vascular endotheli-
um by inhibiting platelet aggregation, leucocyte endothelial
adhesion and vascular smooth muscle proliferation [47].
NOS enzymes which produce NO have 3 isoforms: neuronal
NOS, eNOS and inducible NOS [48]. Out of these, eNOS is
predominantly expressed in endothelial cells and adequate
levels of endothelial NO are important to preserve normal
vascular physiology. Diminished NO bioavailability is associ-
ated with endothelial dysfunction and thus increases the sus-
ceptibility to atherosclerotic disease [49]. In the present study,
both serum NO and eNOS were found to be positively asso-
ciated with measures of cardiac vagal control which suggest
their possible role in cardiac vagal modulation in T2DM pa-
tients. These findings are in contrary to the findings of
Tiftikcioglu et al. [50] where no significant association was
observed between biomarkers of endothelial function and pa-
rameters of cardiac autonomic function in T2DM. However, it
should be noted that the biomarkers (von Willebrand factor
and E-selectin) evaluated by them were different from the
present study. Nevertheless, NO had illustrated strong associ-
ations with cardiac autonomic control and its role in modulat-
ing cardiac vagal control in healthy humans is established
[51]. Previous literature [52] has suggested mutual complex
interactions between endothelial dysfunction and ANS imbal-
ance which are considered to be a potential basis for the de-
velopment of various cardiovascular diseases. The structural
proximity of the endothelium and the ANS may partially ex-
plain the behaviour of their inter-relationship. Adventitial lay-
er of the vascular smooth muscle receive ANS input and can
affect the process of endoluminal atherosclerosis via several
mechanisms [53]. The pathological process of diabetes seems

to have an adverse effect on both vascular function and the
ANS. Autonomic dysfunction was found to be associatedwith
increased pulse wave velocity, vascular smooth muscle thick-
ness and impaired arterial compliance in a study on T2DM
patients [54]. Thus, the pathophysiological process of auto-
nomic neuropathy is closely related to endothelial dysfunction
in T2DM. Modulation of cholinergic neurogenic vasodilation
was found to be mediated by NO in a previous experimental
research [55] where acetylcholine was found to diffuse across
the vascular endothelium to release NO. Therefore, it may be
inferred that increased vagal tone can cause excessive vasodi-
lation through NO production.

Unlikely the NO and eNOS, no independent association
between ET-1 and indices of cardiac autonomic control was
observed in the present study which suggests that it might not
be involved in the pathophysiology of diabetic CAN. In the
present study, the only correlation between ET-1 and ΔHR
was confounded by WC in the regression analysis which
means that clinical risk factors partially determine the associ-
ation between ET-1 and cardiac autonomic dysfunction. A
previous study [56] has illustrated similar findings and sug-
gested that although there exists a strong correlation between
ET levels and echocardiographic parameters of cardiac func-
tion, no significant relationship essentially exists between ET-
1 and measures of CAN. Thus, it may be believed that ETmay
adversely affect cardiac function but not cardiac autonomic
function, however, physiological plausibility for the same is
not known and should be explored by future research.

The major limitation of this study is its cross-sectional de-
sign which does not allow examining the cause and effect
relationship between systemic inflammation, endothelial dys-
function, and CAN. Therefore, prospective design should be
employed by future research to holistically examine the rela-
tionship between these systems. The present T2DM sample
was not free from co-morbidities which might have confound-
ed the findings, however, still two most prevalent co-
morbidities i.e. hypertension and dyslipidemia were adjusted
in the regression analysis for sorting the same. Moreover,
patients were on drugs which could modulate autonomic func-
tion and could affect the relationship between biomarkers and
cardiac autonomic control. Nevertheless, two most important
drugs which could potentially confound the results (metfor-
min and statins) were adjusted in the regression analysis.

Conclusion

To summarize, biomarkers of systemic inflammation and en-
dothelial function are associated with measures of CAN in
T2DM patients. Higher IL-6 levels were associated with re-
duced global HRV whereas higher hsCRP levels were associ-
ated with both impaired cardiac vagal function and global
variability while IL-18 showed negative associations with
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cardiac vagal control. Higher NO and eNOS were associated
with favourable cardiac vagal activity whereas ET-1 does not
seem to determine cardiac autonomic dysfunction in T2DM.
These findings suggest that there is some pathophysiological
link between subclinical inflammation, endothelial dysfunc-
tion and cardiac autonomic dysfunction in T2DM. Hence, the
biomarkers of subclinical inflammation and endothelial dys-
function should be routinely investigated in T2DM patients
for timely prevention and management of CAN.
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