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Abstract

Background
It is thought that adipocytokines contribute to autonomic dysfunction and cardiovascular risks in type 1
and type 2 diabetes mellitus (T1DM and T2DM, respectively). We aimed to identify adipocytokines that
are associated with the severity of cardiovascular autonomic neuropathy (CAN) in patients with well-
controlled T2DM and prediabetes.

Methods
The complete cardiovascular autonomic function and biomarkers were assessed for each patient. The
severity of CAN was assessed using both the composite autonomic scoring scale (CASS) and the cardiac
autonomic re�ex tests (CARTs) score. Biomarkers included adipocytokines (leptin, chemerin, adiponectin,
and vaspin), oxidative stress (thiols and thiobarbituric acid-reactive substance [TBARS]), endothelial
dysfunction (sICAM-1 and sVCAM-1), and insulin resistance (triglyceride/high-density lipoprotein
cholesterol [HDL-C] ratio and homeostasis model assessment of insulin resistance [HOMA-IR] index).

Results
A total of 107 patients were included in this study: 90 with diabetes and 17 with prediabetes. Stepwise
logistic regression showed that diabetes duration and leptin level were independently associated with the
presence of CAN. Leptin level was positively correlated with body mass index (r = 0.588, P < 0.0001), waist
circumference (r = 0.504, P < 0.0001), urinary albumin-to-creatinine ratio (r = 0.351, P = 0.001), hs-CRP (r = 
0.291, P = 0.006), TBARS (r = 0.259, P = 0.008), triglyceride/HDL-C ratio (r = 0.346, P < 0.0001), and HOMA-
IR index (r = 0.304, P = 0.008) but negatively correlated with thiols (r=-0.25, P = 0.011) level. The leptin
level was strongly associated with the CASS (r = 0.36, P < 0.0001) and CARTs (r = 0.356, P < 0.0001)
scores. Stepwise linear regression analysis also showed that the leptin level was signi�cantly associated
with the CASS and CARTs scores, respectively.

Conclusions
As the leptin level is considered a prognostic factor in CAN, a longitudinal study is needed to con�rm the
association between a decrease in obesity and reduced leptin levels and CAN progression.

Background
The prevalence of obesity has increased worldwide over the past several decades to become a global
health problem, and it promotes an increased risk of multiple serious conditions[1, 2], including type 2
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diabetes (T2DM), cardiovascular diseases, nonalcoholic fatty liver disease, chronic kidney disease, and
different types of cancer[3].

Currently, adipose tissue is recognized as a complex and dynamic endocrine organ in the body that not
only stores energy, but also regulates energy homeostasis, cellular reactions, and metabolic
homeostasis[4]. The adipocytes are metabolically active and potent secretory cells, capable of releasing
many adipocytokines, involved in the regulation of appetite, in�ammatory and immune functions,
glucose and lipid metabolism, long-term energy balance, insulin sensitivity of insulin responsive tissues,
cardiovascular homeostasis and reproduction, and other important biological and physiological
functions[5]. Leptin is an adipocyte-secreted hormone with a key role in energy homeostasis, and it can
also stimulate the secretion of several cytokines via in�ammatory cells. Additionally, serum leptin levels
were positively correlated with insulin resistance (IR)[6]. Adiponectin is another adipocyte-secreted
hormone, which modulates several metabolic processes, including glucose regulation and fatty acid
oxidation. It has a protective role against IR and anti-in�ammatory activity and seems to protect against
metabolic syndrome (MetS)[7]. Chemerin is an adipokine that has a crucial role in adipocyte
differentiation and development, as well as in glucose and lipid metabolism[8]. Meanwhile, vaspin is an
adipokine expressed in visceral white adipose tissue, and abnormalities associated with this protein are
associated with the development of metabolic and glucose intolerance and atherosclerosis[9].

The pathophysiological mechanism of cardiovascular autonomic neuropathy (CAN) is multifactorial, and
there is su�cient evidence that it may precede diabetes mellitus (DM)[10]. MetS is associated with
multiple risk factors, including central obesity that may increase the risk of cardiovascular events in
individuals with type 2 DM[11]. MetS with central obesity is associated with an imbalance of homeostatic
mechanisms, leading to adipose tissue dysfunctionality characterized by altered secretion of adipokines.
This condition is also associated with a special upregulation in the expression of pro-in�ammatory
adipokines[12] and increase in the generation of free radicals and other reactive species, leading to
increased oxidative stress, production of cell adhesion molecules, and microcirculation dysfunction[13].

The prevalence of CAN is variable and is dependent on the de�nition and criteria used for the diagnosis.
Toronto Consensus recommends using four cardiovascular re�ex tests (CARTs) and frequency-domain
tests as a sensitive and speci�c method in assessing the presence of CAN in patients with DM[14].
Furthermore, the American Academy of Neurology’s summary of evidence-based guidelines for clinicians
recommends that a combination of autonomic screening tests and composite autonomic scoring scales
(CASS) should be considered to achieve the highest diagnostic accuracy of CAN[15]. These two
diagnostic methods and scoring systems are commonly used in research and clinical practice.

CAN has a strong in�uence on various cardiovascular diseases and leads to severe morbidity and
mortality in patients with DM[16, 17]. To our knowledge, only a few studies have demonstrated that
adipocytokines are associated with autonomic dysfunctions in type 1 diabetes mellitus (T1DM) and
T2DM [2, 18–20]. To date, there is paucity of information that focuses on estimating the overall severity
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of CAN and investigates its relationship with the biomarkers for adipokines (leptin, chemerin, adiponectin,
and vaspin), oxidative stress, and endothelial dysfunction in patients withT1DM and T2DM, respectively.

This aimed to identify adipocytokines strongly associated with the presence of CAN and investigate the
severity of CAN in patients with T2DM using two CAN scoring systems. Our results may be bene�cial for
the development of therapeutic strategies for patients with DM and may help improve the quality of life
of patients with T2DM and prediabetes.

Patients And Methods

Study population
A total of 107 patients (≥ 20 years of age) who visited the outpatient diabetic clinic at Kaohsiung Chang
Gung Memorial Hospital (CGMH) in Taiwan were included in this study: 90 subjects with type 2 diabetes
and 17 subjects with prediabetes. Exclusion criteria were moderate-to-severe heart failure (NYHA class III
and IV), presence of any type of arrhythmia that prevents analysis of heart rate variability (HRV), or
pacemaker implantation. This study was approved by the Ethics Committee of Chang Gung Memorial
Hospital Institutional Review Board (201800388B0C501 and 201901363B0).

Baseline clinical and laboratory measurements
All patients underwent complete neurological and physical examinations on enrollment and at the follow-
up visit at the outpatient clinic. A detailed medical history regarding prior use of medications was
obtained from the patients and their families through standardized questions. Demographic data,
including age, sex, duration of diabetes (years), body mass index (BMI), systolic and diastolic blood
pressure (SBP and DSP, respectively), waist circumference (WC) during autonomic function testing,
underlying diseases (hypertension, coronary artery disease, ischemic stroke, and diabetic retinopathy
[DR]), and laboratory parameters, were obtained at baseline. MetS was evaluated according to the
updated National Cholesterol Education Program/Adult Treatment Panel III criteria[21]. A subject who had
at least three of the following components was de�ned as having MetS: 1) central obesity: WC ≥ 90 cm
for men and ≥ 80 cm for women; 2) hypertension: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or drug
treatment for hypertension; 3) fasting blood glucose ≥ 100 mg/dL or diagnosed diabetes; 4) abnormal
high-density lipoprotein (HDL) level: HDL cholesterol level < 40 mg/dL for men and < 50 mg/dL for women
or drug treatment for low HDL cholesterol (HDL-C); and 5) abnormal triglyceride (TG) level: TG level ≥ 
150 mg/dL or drug treatment for high TGs. The cut-off values for obesity, based on BMI, should be much
lower in Taiwan than in Western countries. We determined that the optimal cut-off values for our study
were BMIs of 23.6 in men and 22.1 in women, and WCs of 80.5 cm in men and 71.5 cm in women may be
more appropriate to de�ne adult overweight or obesity in Taiwan[22].

Measuring IR
The homeostasis model assessment of insulin resistance (HOMA-IR index) was calculated by fasting
glucose (in mmol/L) × fasting insulin (in mU/ml)/22.5. In our study, we de�ned IR as ≥ 2, based on the
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Taiwanese population[23]. Additionally, we used the TG/HDL ratio as a surrogate marker for IR[23].

Assessment of albuminuria and glomerular �ltration rate
The estimated glomerular �ltration rate (eGFR) in each patient was calculated using an equation for
Chinese subjects, as previously described[24]. The normal rate of albumin excretion is less than
30 mg/day; therefore, persistent albumin excretion between 30 and 300 mg/day is classi�ed as
microalbuminuria and albumin excretion above 300 mg/day is considered macroalbuminuria[25].

Biochemical analysis
Blood samples were obtained by antecubital vein puncture in a fasting, non-sedative state between 09:00
and 10:00 AM in the control and study groups to exclude the possible in�uence of circadian variations.
All blood samples were collected into Vacutainer SST tubes (BD, Franklin Lakes, NJ) and centrifuged at
3000 rpm for 10 minutes; subsequently, serum samples were collected and stored at − 80 °C in multiple
aliquots, prior to biochemical measurement.

Serum levels of TGs, total cholesterol, HDL-C, low-density lipoprotein cholesterol, blood sugar,
glycohemoglobin (HBA1c), and high-sensitive C-reactive protein (hs-CRP) were analyzed by the hospital’s
central laboratory.

Biomarkers for oxidative stress
We evaluated the oxidative stress condition in all subjects by measuring the serum thiobarbituric acid-
reactive substance (TBARS) and thiol levels. Serum TBARS levels were measured using a well-
established method for detecting lipid peroxidation with a commercially available assay kit (Cayman
Chemical, Ann Arbor, Michigan, USA). The Assay Kit was used according to the manufacturer's
instructions, as previously described[26]. The values for the samples were calculated using a linear
calibration curve, which was prepared using pure malondialdehyde-containing samples (range, 0–
50 µmol/L).

The ability of anti-oxidative defense in response to increased oxidative damage was evaluated by
measuring the serum levels of total reduced thiols because serum thiols are physiologic free radical
scavengers. Serum total protein thiols were estimated by directly reacting thiols with 5,5-dithiobis 2-
nitrobenzoic acid to form 5-thio-2-nitrobenzoic acid (TNB). The number of thiols in the sample was
calculated based on absorbance, which was determined using the extinction coe�cient of TNB (A412 = 
13,600/M/cm).

ELISA Analysis for biomarkers of endothelial dysfunction
and adipokines
Serum sICAM-1 and sVCAM-1 levels were assessed using commercially available ELISA kits (R & D
Systems, Minneapolis, MN, USA), as previously described[27]. Leptin and adiponectin levels were
evaluated in the quality-controlled central laboratory of the CGMH. Serum chemerin levels were assessed
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by duplicated determination with a commercially available ELISA kit (R&D Systems, Inc., Minneapolis,
MN, USA), according to the manufacturer’s instructions, and the mean minimum detectable dose was
4.13 pg/mL.

Assessment and scoring of cardiovascular autonomic
functions
All subjects underwent a standardized evaluation of cardiovascular autonomic function, as described by
Low[28]. The test battery comprised the heart rate response to deep breathing (HR_DB), Valsalva ratio
(VR), and 5-minute head-up tilt (HUT) tests. Orthostatic SBP change was de�ned as the difference
between minimum SBP during HUT and baseline SBP. The detailed methodology for computing HR_DB
and VR were based on a previous study[28]. The severity of CAN was assessed using the cardiovagal and
adrenergic sub-scores of the CASS[29]. The CASS had a scale from 0 to 7 points in this study, and
patients with a CASS score ≥ 2 were de�ned as having CAN (CASS-based)[30].

In addition, CARTs are considered gold-standard measures of autonomic function in patients with
DM[14]. Parameters, which were computed as Ewing’s methods, included heart rate responses to deep
breathing (E:I ratio), to standing (30:15 ratio), and to the Valsalva maneuver and blood pressure
responses to standing[31], were often used by diabetologists. These autonomic parameters were also
obtained, and the severity of CAN was quantitated by summation of points obtained from each of the
four tests (CARTs score), where each test was given a point of 0 or 1, if it yielded normal or abnormal
values. The CARTs provided a score of 0 to 4 points in this study. CAN was de�ned with the presence of
at least two abnormal test results, i.e., CARTs score ≥ 2 (CARTs-based)[14].

Assessment of barore�ex sensitivity
A 5-minute resting recording of an EKG was obtained before the 5-minute HUT test. Non-invasive
estimates of barore�ex sensitivity (BRS) were computed with the recording, using the sequence method
of the Nevrokard BRS analysis program (Nevrokard, Slovenia). The following setting was used in
computing BRS: 1) RR interval (RRI) variation greater than 5 ms; 2) SBP changes > 1 mmHg; 3) sequences
longer than 3 beats; and 4) correlation coe�cient > 0.85. Patient with both bradycardic (increase in SBP
that caused an increase in RRI) and tachycardic sequences (decrease in SBP that caused a decrease in
RRI) that ful�lled the criteria, were used in the analysis. Fluctuations of RRI and SBP were synchronous
for some subjects, while in other subjects a time-lag between these two �uctuations was observed.
Therefore, BRS was calculated using synchronous mode as well as shift mode from 1 to 6 heart beat
shifts for each subject[32]. The mode with the largest number of slopes was selected, and the averaged
slope of regression lines was used as the measure of BRS.

Parameters of HRV
The standard deviation of all normal R-R intervals (SDNN) was calculated using the 5-minute resting EKG
recording as the time domain parameter for HRV. In addition, power spectral density analysis of HRV was
also performed to obtain the parameters in the frequency domain. Three main spectral components were
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distinguished in a spectrum calculated from the 5-minute recording: high frequency (HF, 0.15–0.4 Hz),
low frequency (LF, 0.04–0.15 Hz), and very low frequency (0–0.04 Hz). The components of LF and HF
were computed both in absolute values of power (ms2) and in normalized unit (n.u.). The LF/HF ratio,
regarded as an index of sympatho-vagal balance, was also calculated[33]. The above computing process
was performed using Kubios HRV Standard version 3.2 (Kubios Oy, Finland)

Statistical analysis
Data are expressed as means ± standard derivations or medians (interquartile ranges). Categorical
variables were compared using Chi-square or Fisher’s exact tests. Continuous variables that were not
normally distributed by Kolmogorov–Smirnov test were logarithmically transformed to improve normality
and compared. Five separate statistical analyses were performed. First, patients were strati�ed into two
groups according to the presence or absence of CAN by the CASS-based method. Second, the risk factors
for the presence of CAN, including sex and baseline characteristics, underlying diseases, and parameters
of laboratory testing, were analyzed using stepwise logistic regression. Third, receiver operating
characteristic (ROC) curves were generated for signi�cant adipocytokines levels in the presence of CAN
by both CASS-based and CARTs-based CAN. The area under the ROC curves (AUC) was calculated for the
presence of CAN. Fourth, correlation analysis was used to evaluate the relationship between the CASS
and variables that included age, diabetes duration, BMI, WC, SPB, and DSP, and peripheral blood studies
for vascular risks. We also used correlation analysis to evaluate the relationship between leptin and
variables related to vascular risk factors. Finally, stepwise models of multiple linear regression analysis
were used to evaluate the in�uence of independent variables on the mean CASS and CARTS scores. All
statistical analyses were conducted using the SAS software package, version 9.1 (2002, SAS Statistical
Institute, Cary, North Carolina).

Results

General characteristics of the patients with diabetes and
prediabetes
A total of 107 patients were included in this study: 90 with diabetes and 17 with prediabetes. Patient
characteristics and baseline underlying diseases at assessment are presented in Table 1. The mean
diabetes duration in the diabetes group was 11.5 ± 8.6 years. The signi�cant differences between the
diabetes and prediabetes groups included BMI (p = 0.001), WC (p = 0.001), presence of chronic kidney
diseases (p = 0.002), and proteinuria (p = 0.001).
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Table 1
Baseline characteristics of patients with Type 2 diabetes and prediabetes

  Prediabetes (n = 17) Diabetes (n = 90)   P-value

Characteristics        

Age (year) 63.3 ± 12.8 67.3 ± 8.1   0.21

Sex (male/female) 11/6 50/40   0.49

Diabetes duration (year) 11.5 ± 8.6 --    

Body mass index 24.3 ± 2.5 27.1 ± 4.6   0.001*

Waist circumference (cm) 85.3 ± 7.5 94.6 ± 11.7   0.001*

SBP (mmHg) 131.6 ± 14.8 137.8 ± 17.9   0.07

DBP (mmHg) 76.9 ± 8.2 76.5 ± 12.5   0.90

Baseline underlying disease        

Hypertension (%) 11 68   0.38

Coronary heart disease (%) 2 11   1.0

Cerebrovascular events (%) 4 33   0.30

Hyperlipidemia (%) 14 71   1.0

Chronic kidney diseases (%) 2 47   0.002*

Retinopathy, n (%) 5 71   0.24

Proteinuria, n (%) 0 37   0.001*

Type of diabetes treatment        

OHA only (%) 0 74 (82.2%)    

Insulin only (%) 0 4 (4.4%)    

Insulin + OHA (%) 0 7 (7.8%)    

Diet control without medication (%) 17 (100%) 5 (5.6%)    

Other concomitant medications        

ACE inhibitor or ARB (%) 11 (64.7%) 65(72.2%)    

Beta-blocker (%) 3(17.6%) 28 (31.1%)    

Calcium channel blocker (%) 4 (23.5%) 45 (50%)    

Diuretics (%) 3 (17.6%) 18 (20%)    
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  Prediabetes (n = 17) Diabetes (n = 90)   P-value

Antiplatelet medications (%) 4 (23.5%) 26 (28.9%)    

Statins (%) 13 (76.4%) 70 (77.8%)    

* indicates that p value < 0.05. ** indicates that p value < 0.0001.

Abbreviations: n, number of cases; IQR = interquartile range, SBP, systolic blood pressure; DBP,
diastolic blood pressure; OHA, oral hypoglycemic agent; ACE, angiotensin-converting enzyme; ARB,
angiotensin II receptor blocker
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Table 2
Risk factors predictive of cardiovascular autonomic neuropathy in patients with Type 2 diabetes and

prediabetes

  No CAN

(n = 59)

CAN

(n = 48)

Crude P-
value Ф

  Adjusted
OR (95% CI)

Adjusted
P-value

Characteristics            

Age (year) 67.5 ± 
9.7

66.1 ± 8.3 0.41      

Sex (male/female) 36/23 25/23 0.35      

Diabetes duration (year) 7.0 ± 6.5 12.8 ± 9.6 0.001**   1.08 (1.02–
1.15)

0.011

Body mass index 26.2 ± 
4.2

27.1 ± 4.8 0.3      

Waist 91.5 ± 
10.8

95.8 ± 
12.3

0.07      

SBP (mmHg) 134.0 ± 
17.6

140.3 ± 
17.0

0.07      

DBP (mmHg) 75.5 ± 
11.3

77.8 ± 
12.5

0.32      

Retinopathy, n (%) 32
(54%)

26 (54%) 0.99      

Proteinuria, n (%) 13
(22%)

24 (50%) 0.002**      

Laboratory test �ndings            

Total cholesterol(mmol/L) 158.7 ± 
34.4

158.3 ± 
32.7

0.96      

Triglyceride(mmol/L) 129.1 ± 
71.8

147.7 ± 
78.3

0.21      

HDL-C (mmol/L) 48.8 ± 
14.0

44.3 ± 8.9 0.06      

LDL-C (mmol L) 85.5 ± 
22.8

87.7 ± 
29.8

0.69      

HbA1c (%)6.9 ± 0.97.4 ± 0.97.3 
± 1.17.4 ± 1.30.171

6.7 ± 0.8 7.1 ± 0.8 0.02*      

Glucose Ac 133.1 ± 
31.4

132.3 ± 
31.0

0.91      

eGFR 59.4 ± 
30.2

51.0 ± 
24.5

0.14      
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  No CAN

(n = 59)

CAN

(n = 48)

Crude P-
value Ф

  Adjusted
OR (95% CI)

Adjusted
P-value

UACR 9.2 (5.9,
21.5)

39.9 (8.5,
207.5)

0.004**      

Hs-CRP 1.5 ± 1.2 2.2 ± 1.8 0.21      

Biomarkers for Insulin
resistance

           

HOMA-IR 3.1 ± 2.6 3.7 ± 2.8 3.43      

TG/HDL ratio 3.0 ± 2.0 3.6 ± 2.2 1.52      

Biomarkers of adipocytokine            

Leptin, ng/mL 7.5 (4.3,
15.7)

15.1 (9.9,
31.1)

0.003**   1.03 (1-
1.06)

0.023

Adiponectin, ng/mL 11.6
(6.7,
17.1)

12.4 (7.6,
24.3)

0.07      

Chemerin, ng/mL 85.9 ± 
23.6

104.6 ± 
36.0

0.002**      

Vaspin, ng/mL 0.2 (0.1,
0.3)

0.2 (0.1,
0.3)

0.82      

Biomarkers of oxidative stress            

TBARS, µmol/L 18.8 ± 
6.2

20.6 ± 7.5 0.19      

Thiols, µmol/L 1.0 ± 0.3 0.9 ± 0.4 0.04*      

Biomarkers of endothelial
dysfunction

           

sICAM-1 (ng/ml) 203.9 ± 
71.0

212.7 ± 
76.7

0.54      

sVCAM-1 (ng/ml) 740.4 ± 
226.5

818.3 ± 
260.1

0.1      

Data are presented as means ± standard deviations or median (IQR) n (%). *=P < 0.05; **P < 0.01

Abbreviations: IQR = interquartile range, CAN: cardiac autonomic neuropathy; n, number of cases; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; HbA1c, glycohemoglobin; HOMA-IR, Homeostasis model
assessment of insulin resistance; TG/HDL, Triglyceride/ LDL-C;

Ф= independent t- test, two-side, data were logarithmically transformed to improve normality
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Risk factors predictive of CAN in patients with type 2
diabetes and prediabetes
Patients with CAN had higher diabetes duration (P = 0.001), higher HbA1c (%) (P = 0.02), UACR (P = 
0.004), leptin (P = 0.003), and chemerin level (P = 0.002), and a higher prevalence of proteinuria (P = 
0.002) and lower thiol levels (P = 0.04). Signi�cant variables used in the stepwise logistic regression
model included diabetes duration, HbA1c (%), UACR, leptin, chemerin and thiols level, and presence of
proteinuria. After analysis of all the variables, only diabetes duration (P = 0.011, OR = 1.08, 95% CI = 1.02–
1.15) and leptin level (P = 0.023, OR = 1.03, 95% CI = 1-1.06) were independently associated with the
presence of CAN.

Parameters of cardiovascular autonomic study between
patients with and without CAN
Patients with CAN had higher CASS and CARTs score values, and lower levels of parasympathetic
parameters, which include HR_DB (beats/min), VR, E:I ratio, 30:15 ratio, and sympathetic parameters,
such as blood pressure responses to standing. Those with CAN had lower BRS values than those without
CAN. Additional HRV parameters, including SDNN, total spectral power of LF and HF, LF (n.u.), HF (n.u.),
and LF/HF ratio in patients with and without CAN are listed in Table 3.



Page 13/28

Table 3
Baseline cardiovascular autonomic study with Type 2 diabetes and prediabetes

    No CAN (n = 59)   CAN (n = 48)   P-value Ф

CASSδ   0.5 ± 0.4   3.2 ± 1.1   < 0.0001***

HR_DB (beats/min)   11.1 ± 7.0   5.5 ± 3.9   < 0.0001***

Valsalva ratio   1.4 ± 0.2   1.2 ± 0.1   < 0.0001***

Delta SBP   -3.0 (-10.0, 2.0)   -8 (-17.0, -2.0)   0.004**

CARTs scoreβ   0.6 ± 0.5   2.4 ± 0.7   < 0.0001***

E:I ratioβ   1.2 ± 0.1   1.1 ± 0.04   < 0.0001***

30/15 ratioβ   1.1 ± 0.1   1.0 ± 0.03   < 0.0001***

Time domain            

SDNN (ms)   28.4 ± 19.8   18.2 ± 8.0   0.001**

Frequency domain            

LF (power density, ms2)   87.6 (34.3, 174.6)   30.7 (13.1, 87.6)   0.001**

LF (n. u.)   26.2 ± 4.2   27.1 ± 4.8   0.145

HF (power density, ms2)   50.9 (17.1, 179.5)   35.4 (15.2, 80.3)   0.147

HF (n. u.)   53.8 ± 21.9   47.4 ± 22.2   0.145

LF/HF ratio   1.6 (0.6, 2.8)   0.9 (0.4, 1.9)   0.204

BRS (ms/mmHg)   6.8 ± 4.4   3.8 ± 1.9   < 0.0001***

Data are presented as means ± standard deviations or median (IQR) n (%). *=P < 0.05; **P < 0.01;
***=P < 0.001

Abbreviations: n, number of cases; IQR = interquartile range, CASS: Composite Autonomic Scoring
Scale; HR_DB, heart rate response to deep breathing; CAN, cardiac autonomic neuropathy; Delta SBP:
The change between minimum systolic blood pressure during head-up tilt and baseline systolic blood
pressure; CARTs, cardiac autonomic re�ex tests; LF, low frequency; HF, high frequency; n.u.,
normalized unit; BRS, barore�ex sensitivity

Ф= independent t- test, two-side, data were logarithmically transformed to improve normality; δ = 
Except CARTs score, E:I ratio, and 30/15 ratio, CAN de�ned by CASS-based method in the other
parameters, β = CAN de�ned by CARTs method

Sensitivity, speci�city, and area under the curve for
signi�cant adipocytokines levels in predicting
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cardiovascular autonomic neuropathy, using ROC curve
analysis
The diagnostic accuracy for the presence of CAN in CASS-based CAN was as follows: leptin (P < 0.0001),
chemerin (P = 0.002), adiponectin (P = 0.18), and vaspin (P = 0.9). The area under the ROC curve for leptin
and chemerin levels in the presence of CAN were 0.71 (95% con�dence interval [CI] = 0.605–0.805) and
0.68 (95% CI = 0.578–0.784), respectively. The diagnostic accuracy for the presence of CAN in CARTs-
based CAN was as follows: leptin (P = 0.002), chemerin (P = 0.03), adiponectin (P = 0.82), and vaspin (P = 
0.62). The area under the ROC curve for leptin and chemerin levels in the presence of CAN were 0.69 (95%
CI = 0.581–0.793) and 0.63 (95% CI = 0.517–0.745), respectively.

Correlation analysis between leptin levels and parameters
of biomarkers and cardiovascular autonomic functions
Correlation analysis parameters that are used to test the relationship between leptin level and parameters
of biomarkers and cardiovascular autonomic functions are listed in Table 4. The signi�cant statistical
results (correlation coe�cient, P-value) between leptin level and parameters of biomarkers were as
follows: BMI (r = 0.588, P < 0.0001), WC (r = 0.504, P < 0.0001), UACR (r = 0.351, P = 0.001), hs-CRP (r = 
0.291, P = 0.006), TBARS (r = 0.259, P = 0.008), thiols (r=-0.25, P = 0.011), TG/HDL-C ratio (r = 0.346, P < 
0.0001), and HOMA-IR (r = 0.304, P = 0.008). Further, signi�cant statistical results (correlation coe�cient,
P-value) between leptin levels and parameters of cardiovascular autonomic functions were as follows:
HR_DB (r=-0.30, P = 0.002), Valsalva ratio (r=-0.31, P = 0.002), E:I ratio (r=-0.26, P = 0.008), 30/15 ratio
(r=-0.18, P = 0.07), BRS (r=-0.26, P = 0.008), SDNN (r=-0.18, P = 0.08), LF (r=-0.24, P = 0.016), HF (r = 0.24, P 
= 0.016), and LF/HF ratio (r=-0.22, P = 0.032).
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Table 4
Correlation analysis between leptin levels and parameters of biomarkers and cardiovascular autonomic

functions
Variables Leptin, ng/mL   Variables Leptin, ng/mL

r P value r P value

Age (year) -0.10 0.33   HR_DB -0.30 0.002**

Diabetes duration (year) -0.023 0.821   Valsalva ratio -0.31 0.002**

Body mass index 0.588 < 0.0001**   Delta SBP 0.031 0.80

Waist circumference (cm) 0.504 < 0.0001**   E:I ratio -0.26 0.008**

SBP (mmHg) 0.007 0.946   30/15 ratio -0.18 0.07

DBP (mmHg) -0.053 0.597   BRS -0.26 0.008**

HbA1c (%) 0.175 0.076   SDNN -0.18 0.08

eGFR -0.175 0.09   LF, n.u. -0.24 0.016*

UACR 0.351 0.001**   HF, n. u 0.24 0.016*

hs-CRP 0.291 0.006**   LF/HF ratio -0.22 0.032*

TBARS, µmol/L 0.259 0.008**        

Thiols, µmol/L -0.25 0.011*        

sICAM-1 (ng/ml) 0.122 0.216        

sVCAM-1 (ng/ml) 0.109 0.271        

Triglyceride/HDL-C ratio 0.346 < 0.0001        

HOMA-IR 0.304 0.008        

*=P < 0.05; **P < 0.01; ***=P < 0.001

Abbreviations: n, number of cases; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c,
glycohemoglobin; HOMA-IR :homeostasis model assessment of IR; HR_DB, heart rate response to
deep breathing; Delta SBP: The change between minimum systolic blood pressure during head-up tilt
and baseline systolic blood pressure, BRS: barore�ex sensitivity; n.u.=normalized unit; LF, low
frequency; HF, high frequency

Effect of adipocytokines, MetS, and vascular risk factors on
composite autonomic scoring scale and cardiac autonomic
re�ex test scores
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Correlation analysis parameters that are used to test the in�uence of adipocytokine, MetS, and vascular
risk factors on CASS and CARTs scores are listed in Table 5. The signi�cant statistical results (correlation
coe�cient, P-value) for CASS were as follows: diabetes duration (year) (r = 0.36, P < 0.0001), WC (r = 0.24,
P = 0.02), eGFR (r=-0.26, P = 0.01), UACR (r = 0.36, P < 0.0001), HbA1c (%) (r = 0.38, P < 0.0001), leptin
(ng/mL) (r = 0.36, P < 0.0001), chemerin (ng/mL) (r = 0.45, P < 0.0001), TBARS (µmol/L) (r = 0.26, P = 
0.007), thiols (µmol/L) (r=-0.23, P = 0.02), and sVCAM-1 (ng/ml) (r = 0.24, P = 0.01). The signi�cant
statistical results (correlation coe�cient, P-value) on the CARTs score were as follows: age (year)
(r=-0.281, P = 0.004), diabetes duration (year) (r = 0.247, P = 0.015), leptin (ng/mL) (r = 0.356, P < 0.0001),
and TBARS (µmol/L) (r = 0.188, P = 0.011).

Table 5
Correlation analysis of composite autonomic scoring scale and cardiac autonomic re�ex tests in patients

with type 2 diabetes and pre-diabetes
Variables CASS   CARTs score

r P value r P value

Age (year) -0.10 0.33   -0.281 0.004*

Diabetes duration (year) 0.36 < 0.0001**   0.247 0.015*

Body mass index 0.16 0.1   0.109 0.284

Waist circumference (cm) 0.24 0.02*   0.138 0.19

SBP (mmHg) 0.12 0.22   0.026 0.8

DBP (mmHg) -0.01 0.89   -0.031 0.76

eGFR -0.26 0.01*   -0.143 0.161

UACR 0.36 < 0.0001**   0.198 0.064

HbA1c (%) 0.38 < 0.0001**   0.176 0.081

Leptin, ng/mL 0.36 < 0.0001**   0.356 0.001**

Chemerin, ng/mL 0.45 < 0.0001**   0.254 0.217

TBARS, µmol/L 0.26 0.007*   0.188 0.011*

Thiols, µmol/L -0.23 0.02*   -0.256 0.063

sICAM-1 (ng/ml) 0.01 0.93   -0.034 0.739

sVCAM-1 (ng/ml) 0.24 0.01*   0.084 0.411

r: correlation coe�cient. * indicates that p value < 0.05. ** indicates that p value < 0.0001.

Abbreviations: n, number of cases; CASS, Composite Autonomic Scoring Scale; CARTs: Cardiac
autonomic re�ex tests; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycohemoglobin;
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Effects of the variables on composite autonomic scoring
scale and cardiac autonomic re�ex tests
Effects of variables on the CASS and CARTs scores in patients with T2DM based on the correlation
analysis are listed in Table 6. Regarding the correlation analysis, only signi�cant variables were enrolled
into stepwise linear regressions models. The results from model analysis (Table 6) revealed that only
diabetes duration, UACR, and leptin level were signi�cantly associated with the CASS and only age,
diabetes duration, and leptin level were signi�cantly associated with the CARTs score.
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Table 6
Effects of the variables on composite autonomic scoring scale and cardiac autonomic re�ex tests

according to correlation analysis
variables CASS α   variables CARTs score β

Model
1γ

Model
2γ

Model
3γ

Model
1γ

Model
2γ

Model
3γ

Diabetes
duration

0.268* 0.307** 0.058**   Diabetes
duration

0.268** 0.028** 0.028**

Leptin 0.285* 0.014* 0.016**   Age -0.036** -0.032** -0.035**

UACR 0.001** 0.001* 0.001*   Leptin 0.243* 0.246* 0.008*

eGFR -0.03 -0.007 0.093   TBARS 0.207* 0.173 0.115

Chemerin, 0.147 -0.013 -0.049   sVCAM-1 0.152 0.11 0.076

Waist 0.199 0.067 0.024          

HbA1c (%) 0.234 0.203 0.128          

TBARS 0.102 0.061 0.05          

Thiols -0.101 -0.039 0.007          

sVCAM-1 0.033* 0.052 0.041          

γ = Regression coe�cient for each individual variable. Abbreviations: HbA1c, glycohemoglobin; CASS,
Composite Autonomic Scoring Scale; CARTs: Cardiac autonomic re�ex tests; * indicates that p value < 
0.05. ** indicates that p value < 0.01

α: Model summary

Model 1: Predictors:(constant), UACR; r2 = 0.15

Model 2: Predictors:(constant), UACR, leptin; r2 = 0.22

Model 3: Predictors:(constant), UACR, leptin and diabetes duration; r2 = 0.32

β: Model summary

Model 1: Predictors:(constant), age; r2 = 0.13

Model 2: Predictors:(constant), age, diabetes duration; r2 = 0.19

Model 3: Predictors:(constant), age, diabetes duration, leptin; r2 = 0.25

Discussion

Major �ndings of our study
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To date, this is the �rst study to demonstrate that leptin level is not only strongly associated with the
presence, but also with the degree of severity of CAN in patients with T2DM and prediabetes, assessed by
both the CASS and CARTs scoring methods. All vascular risk factors, including blood pressure, blood
glucose, and lipid pro�les, were well-controlled, except for obesity, a modi�ed risk factor, which was not
corrected in our study. Our study also showed that leptin level is signi�cantly correlated with BMI and WC.
Thus, our results highlighted the relationship between leptin, obesity, and CAN.

Pathogenesis of leptin and in�ammation, oxidative stress,
and endothelial dysfunction
Visceral adipose tissue is a bioactive organ that secretes several adipokines, and is a source of
proin�ammatory and proatherogenic cytokines[34]. The rapid expansion of adipocyte size in obese
individuals occurs in an uncoordinated manner, which leads to altered secretion of adipocytokines with a
special upregulation in the expression of pro-in�ammatory adipocytokines[12], as well as impaired
angiogenesis, endothelial dysfunction, and microvascular complications[13].

Leptin and its receptors structurally resemble proin�ammatory cytokines and their receptors[35]. In
addition, proin�ammatory mediators increase leptin secretion, and leptin levels increase acutely during
in�ammation[36]. Leptin may also increase oxidative stress via activation of the Rho and Rac family of
small GTPase[37, 38]. Due to the proin�ammatory and prooxidant properties of leptin, hyperleptinemia
produces systemic endothelial dysfunction[37]. Our study results showed a positive association between
leptin levels and in�ammation (hs-CRP), increased oxidative stress (TBARs), and decreased antioxidative
capacity (thiol). It also showed that leptin levels are positively associated with biomarkers of
microvascular complications of diabetes (e.g., diabetic kidney diseases and CAN).

Association among leptin, obesity, IR, and cardiac
autonomic function in diabetes and pre-diabetes
Leptin is a hormone predominantly synthesized by adipocytes and enterocytes in the small intestine that
helps regulate energy balance and acts on cell receptors in the arcuate nucleus of the hypothalamus[6].
Although the regulation of fat stores is deemed to be the primary function of leptin, it also plays a role in
other physiological processes. Leptin levels are generally elevated in obesity, and obese individuals are
often leptin resistant, as seen in the failure of recombinant leptin to cause weight loss. Hyperleptinemia
shunts excess free fatty acids ectopically to non-adipose tissue, and diverts fatty acids in those tissue to
storage, rather than to oxidative consumption[39]. The lipotoxicity, ensuing from this ectopic
accumulation of intracellular TGs, contributes to the dysfunction of these organs, and is a critical
determinant of IR[40].

Although leptin levels are closely associated with adiposity and increased MetS components, leptin levels
in diabetes and prediabetes is rather controversial[41, 42]. A recent study from Japan showed that
plasma leptin level was comparable between diabetic and non-diabetic patients, despite the fact that BMI,
visceral fat area, and subcutaneous fat area are signi�cantly higher in patients with diabetes[18]. Another
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study in relatively lean rural Chinese adults found that plasma leptin levels were associated with IR and
prediabetes, which were not totally explained by adiposity[43]. Our study results also showed that leptin
levels are signi�cantly correlated with both TG/HDL-C ratio and HOMA-IR index, the biomarkers of IR.

Leptin affects autonomic function by acting both centrally and peripherally. Leptin receptors in
hypothalamic brain regions, implicated in cardiovascular control, may exert a stimulatory effect on
sympathetic activation, which results in autonomic hyperactivity due to direct effects of neuropeptide
systems, such as the melanocortin and corticotropin-releasing hormone[44]. Additionally, leptin receptors
are abundantly present in the carotid body (CB)[45]. CBs contain glomus, which are polymodal
chemoreceptors, also known as peripheral chemoreceptors that detect multiple chemical changes in
oxygen, carbon dioxide, PH, insulin, and blood sugar levels. A recent study showed that leptin increases
the carotid sinus nerve activity[46], which transmits chemosensory input from the carotid bodies to the
medullary centers (central chemoreceptors) in a mouse model. However, it is not yet clear why plasma
leptin and autonomic function in patients with diabetes and prediabetes. Obesity triggers in�ammation
and oxidative stress, which activates the carotid bodies. The overactivation of the carotid bodies can
contribute to increased sympathetic system activity and lead to hypertension and IR in T2DM[47].

Risk factors associated with the severity of CAN
The pathophysiological mechanism of CAN development is multifactorial, and several studies have
reported the important role of cardiovascular risk factors[10, 48–50]. However, in our study, degree of
glycemic control and diabetes duration were the most common risk factors for both T1D and T2D. Our
study results also demonstrate that diabetes duration is strongly associated with severity of CAN. CAN is
a length-dependent pattern of disease, and parasympathetic activity can be damaged in the early phase
of CAN with autonomic imbalance. As the disease progresses, sympathetic denervation occurs in the late
stage of CAN[51]. Our results also showed that all parasympathetic parameters included in our study
(e.g., HR_DB, VR, E:I ratio, 30:15 ratio, SDNN, HF power) were signi�cantly lower in patients with CAN than
in those without CAN; however, the difference between sympathetic parameters (LF power, orthostatic BP
change) was not obvious between groups. This �nding is compatible with that of previous reports[2, 18,
19].

Regarding research on the relationship between leptin and CAN, one study from Japan showed that leptin
is speci�cally associated with reduced HRV parameters in patients with DM compared with those without
DM, with full adjustment of clinical parameters, which comprise quantitatively determined visceral
adiposity[18]. Our results also showed that leptin level is negatively correlated with all parasympathetic
parameters included in our study (e.g., HR_DB, VR, E:I ratio, 30/15 ratio, BRS, and SDNN). Another study
from Korea showed a borderline signi�cant positive correlation between leptin level and CAN score[19].
Although leptin is a sympathetic activator, this study from Korea showed that leptin levels were negatively
correlated with the LF [19], and it is consistent with the result of our study. Such results are compatible
with the natural course of CAN and are predominantly involved in the parasympathetic domain[51].
Autonomic dysfunction is seen early in the course of DM, and it occurs alongside alterations of various
in�ammatory adipocytokines[2]. Therefore, it highlights the concept of autonomic imbalance in the
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pathogenesis of CAN. With the progression of CAN, cardiovagal impairment is followed by sympathetic
impairment. Increased leptin level could be secondary to autonomic imbalance or obesity-related leptin
resistance[2].

Another important issue is whether the medications for modifying vascular risk factors (e.g.,
antihypertensive, antihyperlipidemic, and antihyperglycemic agents) can decrease leptin levels. One
systematic review for meta-analysis of randomized placebo-controlled trials (RCTs) focused on the
impact of statin therapy on plasma leptin levels and showed that results are inconclusive[52]. Another
meta-analysis of RCTs investigated the effects of pioglitazone on blood leptin levels in patients with
T2DM and showed a signi�cant difference, although relatively few RCTs were included, and a high level
of statistical heterogeneity were found. Current studies have demonstrated that some antihypertensive
medications might be more relevant than others in terms of reducing leptin levels in obesity. It seems that
focus on pharmacologic suppression of the sympathetic nervous system, the renin–angiotensin system,
and the blood pressure reduction effect is induced by weight loss. However, the results are also
inconclusive[53]. Although our patients were well-controlled and almost all of them received medications
to control the vascular risk factors, leptin levels remained signi�cantly associated with the severity of
CAN, according to both the CASS and CARTs score.

Study Limitations
This study has several limitations. First, visceral adipose tissue is a bioactive organ that secretes several
adipokines (e.g., leptin) and proatherogenic cytokines, involved in cardiovascular events. A previous
clinical study showed that visceral obesity revealed a more signi�cant correlation with IR compared to
central obesity, assessed by WC[54]. Other quantitative approaches to assess visceral obesity, such as
dual bioelectrical impedance analysis for visceral fat measurement[55], should be considered for future
studies. Second, current evidence supports that aerobic exercise, alone or combined with hypocaloric diet,
improves symptoms of MetS, and also alters systemic levels of adipokines[56]. This is a cross-sectional
prospective study. Clinical studies concluded that intensi�ed multifactorial intervention (hyperglycemia,
hypertension, dyslipidemia, and microalbuminuria) reduced the risk of CAN progression[57] in T2D and
T1D[58]. Although we observed a close relationship between leptin level and severity of CAN in our
observational study, it is unclear whether improvement of obesity could decrease leptin levels and
simultaneously improve cardiovascular autonomic function.

Conclusion
Based on our results, leptin level is not only strongly associated with the presence, but also with the
degree of severity of CAN in patients with T2D and prediabetes. As leptin level is considered a prognostic
factor, a longitudinal study is needed to con�rm that control of obesity can decrease leptin levels and can
be effective in reducing CAN progression.

Abbreviations
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T1DM and T2DM: type 1 and type 2 diabetes mellitus; CAN: cardiovascular autonomic neuropathy; CASS:
composite autonomic scoring scale; CARTs: the cardiac autonomic re�ex tests; TBARS: thiobarbituric
acid-reactive substance; HDL-C: high-density lipoprotein cholesterol; HOMA-IR: homeostasis model
assessment of insulin resistance; IR: insulin resistance; MetS: metabolic syndrome; HRV: heart rate
variability; BMI: body mass index; SBP and DSP: systolic and diastolic blood pressure; WC: waist
circumference; DR: diabetic retinopathy; TG: triglyceride; eGFR: estimated glomerular �ltration rate;
HBA1c: glycohemoglobin; hs-CRP: high-sensitive C-reactive protein; HR_DB: heart rate response to deep
breathing; VR: Valsalva ratio; HUT : head-up tilt tests; BRS: barore�ex sensitivity; RRI: RR interval; SDNN:
standard deviation of all normal R-R intervals; HF : high frequency; LF : low frequency; ROC: receiver
operating characteristic; AUC: area under the ROC curves; CB: carotid body; RCTs : placebo-controlled
trials;
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Figure 1

Relationship between leptin level and composite autonomic scoring scale composite autonomic scoring
scale) (Figure 1 A) (r=0.36, P<0.0001) and cardiac autonomic re�ex tests score (Figure 1B) (r=0.356,
P<0.0001) in patients with type 2 diabetes and prediabetes


