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Abstract 

Cardiovascular autonomic neuropathy (CAN) is a microvascular consequence characterized by the dysfunction of 
cardiovascular autonomic regulation in individuals diagnosed with diabetes, in the absence of any other underlying 
causes. This cross-sectional study was carried out in Baghdad City, Iraq in order to assess the risk factors of diabetes-
associated cardiovascular autonomic neuropathy among insulin and non-insulin dependent diabetics. from January 
20th 2023 to August 1st 2023. The mean age of studied patients was 48 years and the mean duration of diabetes was 
15 years. 99 of diabetic patients were males and 64 of them were females; 94 were IDDM and 66 were NIDDM patients. 
In NIDDM patients, autonomic neuropathy was substantially correlated with retinopathy (P < 0.001), with a greater 
frequency of retinopathic individuals (82%) in the autonomic neuropathy group. There was a strong relationship 
between blood pressure and almost every test in both types of diabetes. In this clinic-based investigation, it is clear that 
autonomic neuropathy is related to microvascular diabetes sequelae, such as retinopathy and nephropathy in IDDM. In 
IDDM, there is evidence that glycemic control is important, but in NIDDM, additional variables than metabolic control 
could be important. However, data suggest a connection between autonomic neuropathy and blood pressure. 
Longitudinal and epidemiological research are required to better understand the association between cardiovascular 
risk factors and autonomic neuropathy, as well as the pathophysiology, prognosis, and prognostic implications of 
autonomic neuropathy. 

Keywords: Autonomic neuropathy, Non-insulin dependent diabetes mellitus, Insulin dependent diabetes 
mellitus, Urine albumin excretion, Cardiovascular autonomic neuropathy. 

INTRODUCTION  

Cardiovascular autonomic neuropathy (CAN), a microvascular consequence that only affects people with 

diabetes, is described as the impairment of cardiovascular autonomic regulation [1]. Although some studies 

suggest that CAN may be present in newly diagnosed diabetic patients, the percentage is much lower, and 

it is associated with a longer duration of the illness [2]. American Diabetes Association (ADA) 

recommendations encourage additional assessment of diabetic individuals presenting characteristic CAN 

symptoms such as dizziness, weakness, palpitations, and syncope that occurs upon standing in order to 

rule out other possible causes. This is particularly essential if individuals have microvascular/neuropathic 

problems or are unaware of their hypoglycemia [3]. CAN often first detects parasympathetic activity in the 

vagus nerve since it is the longest parasympathetic autonomic nerve in the body [4]. Resting tachycardia 

and an overall reduction in parasympathetic tone are brought on by vagus nerve damage. The 

parasympathetic function is measured using the Valsalva maneuver, deep breathing, and posture 

adjustments (such as rising from a sitting to a standing position) [1]. Compared to sudomotor testing, these 

measurements of cardiovagal and adrenergic function are supported by greater data [4]. CAN's clinical 

signs and symptoms change as the condition becomes worse. Cardiovascular stress testing is indicated 

before commencing an exercise program since reduced cardiac output, blood pressure, and heart rate are 

the causes of exercise intolerance [5]. Severe may present as orthostatic hypotension and sympathetic 

cardiac denervation. Orthostatic hypotension is thought to affect 6% to 32% of DM patients. In addition to 

objective criteria such as a 20 mm Hg drop in blood pressure, various symptoms such as  
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dizziness, syncope, visual abnormalities, frequent falls, and nocturnal 
hypertension caused by a paradoxical increase in sympathetic tone 
may be found in CAN [1,4]. CAN in DM provides a higher risk of silent 
ischemia, perioperative death, and severe morbidity. Glycemic 
management to delay development and symptomatic therapy of 
orthostatic hypotension are the mainstays of current CAN treatment [6]. 

METHODOLOGY 

A cross-sectional study was undertaken in Baghdad, Iraq, between 
January 20 and August 1st, 2023, to assess the risk factors for diabetes-
associated cardiovascular autonomic neuropathy in both insulin-
dependent and non-insulin-dependent diabetics. Each diabetic patient 
informedly agreed to participate in the experiment. The research is 
being conducted in the outpatient diabetes clinic of Baghdad Medical 
City, which is a component of a network of academic hospitals in Bab 
Al-Moatham, Baghdad, Iraq. 

Participants in the research were 48 years old on average, and they 
had diabetes for an average of 15 years. 99 men and 64 women with 
diabetes were diagnosed with IDDM and 66 with NIDDM, respectively. 
The average body mass index was 25 kg/m2, and below-average BMIs 
were seen in 29% of patients and 71% of patients, respectively. 45% of 
patients acknowledged to smoking, and 4% to drinking too much. Table 
1 shows that 26% of patients have been given a hypertension 
diagnosis.  

The chi-squared test was used to categorize variables, and the analysis 
of variance (ANOVA) and T-test were performed to assess if the means 
were statistically significant. To connect numerous variables, an 
analysis of linear regression was used. The data was analyzed using 
SPSS software, version 26 (IBM Corp., Armonk, New York). A significant 
value was considered to be P 0.05.  To measure autonomic function, 
four cardiovascular tests were employed, including postural 
hypotension, the Valsalva maneuver, lying to standing, and deep 
breathing. 

RESULTS 

When compared to NIDDM patients without autonomic neuropathy, 
individuals with autonomic neuropathy were found to be substantially 
older. Between NIDDM patients with and without autonomic 
neuropathy, there were no differences in gender, diabetes duration, 
body mass index, HbA1c, blood creatinine, cholesterol, HDL, or 
triglycerides. There was no connection between autonomic neuropathy 
and smoking, diabetes, or peripheral vascular disease. Contrarily, it had 
a marginally positive correlation with alcohol addiction (P = 0.03). 

Despite no statistically significant difference in the proportion of 
hypertension patients across the groups, systolic blood pressure was 
somewhat higher in NIDDM patients with autonomic neuropathy 
compared to those without.  

Autonomic neuropathy and retinopathy were significantly correlated in 
NIDDM patients (P < 0.001), with retinopathic people being more 
common (82%) in the autonomic neuropathy group. Contrary to what 
was seen in individuals with IDDM, autonomic neuropathy was not 
associated with nephropathy, and the 24-hour UAE was the same in 
patients with NIDDM who had autonomic neuropathy and those who 
did not (Table 2). 

Age or gender did not vary between IDDM patients with autonomic 
neuropathy and those without. Patients with autonomic neuropathy 
had considerably longer-lasting diabetes and higher HbA1c levels than 
those without it, despite having a lower BMI. Serum lipid levels in 
IDDM patients with and without autonomic neuropathy were 
comparable. Smoking was common among IDDM patients, both 
neuropathic and non-neuropathic. Despite the fact that hypertension 
was not significantly more common in neuropathic IDDM patients than 

in non-neuropathic individuals, blood pressure readings in those with 
neuropathy were notably higher. 

Peripheral vascular disease and autonomic neuropathy were related (P 
= 0.04). Additionally, there was a significant correlation (P = 0.03) 
between autonomic neuropathy and retinopathy. Retinopathy 
impacted 73% of individuals with autonomic neuropathy but only 52% 
of those without autonomic neuropathy. Despite this, there was no 
conclusive evidence linking autonomic neuropathy to nephropathy. In 
addition, individuals with neuropathy had substantially greater 24-hour 
UAE compared to patients without neuropathy (P < 0.001) (Table 2). 

Blood pressure was significantly linked with almost all tests in both 
types of diabetes. In IDDM and NIDDM, systolic and diastolic blood 
pressure were especially strongly linked with deep breathing, postural 
hypotension, and autonomic score. Only IDDM 24h UAE was 
substantially correlated with autonomic score and deep breathing.  

There was still a link between the IDDM autonomic score and body 
mass index, HbA1c, and systolic blood pressure in this model. There 
were also associations between deep breathing and systolic blood 
pressure, lying to standing and HbA1c, the Valsalva method and body 
mass index, and postural hypotension and body mass index. There was 
a significant relationship between the autonomic score and systolic 
blood pressure in NIDDM, as well as age and deep breathing, and the 
Valsalva maneuver and retinopathy (Table 3). 

In both IDDM and NIDDM, age was associated to deep breathing and 
the transition from laying to standing. Only in IDDM were the 
parameters for body mass index, glycated hemoglobin, and duration of 
diabetes substantially associated to cardiovascular testing. Deep 
breathing, the autonomic score, and the Valsalva maneuver in 
particular were related to how long the sickness lasted. The autonomic 
score and the body mass index were negatively connected, whereas 
the Valsalva maneuver and the body mass index were favorably 
correlated. 

Only in NIDDM patients were cholesterol levels shown to be favorably 
correlated with autonomic score and weakly adversely correlated with 
the Valsalva maneuver. Only in individuals with IDDM did 
triglyceridemia have an adverse relationship with deep breathing. 
There was no connection between the tests and daily cigarette use 
(Table 4). 

DISCUSSION 

Four cardiovascular tests were identified in individuals with IDDM and 
NIDDM, and their clinical and pathophysiology correlations were 
assessed. In 16% of IDDM patients and 10% of NIDDM patients, we 
discovered autonomic neuropathy. This prevalence is comparable to 
William’s et al. estimate (17%) [9]. 

Our diabetic group cannot be regarded as a retrospective sample of the 
whole diabetes community since we evaluated people who were 
recruited from a diabetic clinic. The prevalence of diabetic neuropathy 
may have been overestimated due to a selection bias. In reality, 
epidemiological population-based research such as Cristian et al. [10] 
with 126 diabetes individuals found a lower prevalence. 

Between IDDM and NIDDM patients, there was no difference in the 
prevalence of autonomic neuropathy. Cardiovascular testing or 
autonomic neuropathy and gender were not related in this research. 
Previous research showed that female gender was independently 
linked with lower heart rate variation in IDDM patients [8] and that 
cardiovascular tests were unrelated to gender in normal people [7]. 
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Table 1: Clinical and Sociodemographic Features of Patients with IDDM and NIDDM (N=160) 

Variables IDDM NIDDM 

N 94 66 

Age (years) 41.7 ± 11.3 55.1 ± 8.3 

Gender (M:F) 54:43 45:21 

Body Mass Index 24.1 ± 3.6 26.1 ± 3.2 

Diabetes Duration (years) 17.6 ± 8.4 14.1 ± 8.1 

HbA1c (%) 9.1 ± 2.0 9.1 ± 1.7 

Serum Creatinine (mg/dl) 0.96 ± 0.6 0.99 ± 0.2 

Cholesterol (mg/dl) 189.7 ± 52.4 199.8 ± 47.1 

HDL (mg/dl) 53.1 ± 17.3 41.2 ± 12.3 

Triglycerides (mg/dl) 116.9 ± 57.4 159.3 ± 115 

UAE 24h (µg/min) 14.2 ± (0.9-457) 4.4 (0.1-361) 

Retinopathy (%) 64 47 

Nephropathy (%) 46 15 

Peripheral Vascular Disease (%) 16 8 

Systolic BP (mmHg) 138.2 ± 22.6 140.3 ± 20.1 

Diastolic BP (mmHg) 83.7 ± 12.1 82.4 ± 10.9 

Hypertension (%) 18 32 

Smokers (%) 42 31 

Alcohol Abuse (%) 2 4 

                                                  UAE: urine albumin excretion; %: percent; M: male; F: female; BP: Blood Pressure; N: Study Sample 

Table 2: Clinical Parameters for Diabetic Cardiac Autonomic Neuropathy Patients with and Without IDDM and NIDDM 

Variables 
IDDM Patients NIDDM Patients 

With AN Without AN P-value With AN Without AN P-value 

N 28 46  16 28  

Age (years) 42.4 ± 13.5 38.1 ± 10.9 N.S. 57.9 ± 7.7 49.9 ± 9.9 0.01 

Gender (M:F) 14:12 25:21 N.S. 14:4 17:9 N.S. 

BMI 20.7 ± 3.0 23.3 ± 3.4 0.05 26.7 ± 5.1 24.2 ± 3.1 N.S. 

Diabetes Duration (years) 21.3 ± 9.1 17.3 ± 8.2 0.04 13.5 ± 8.1 14 ± 6.2 N.S. 

HbA1c (%) 10.0 ± 2.3 7.9 ± 1.9 N.S. 8.3 ± 1.7 8.9 ± 1.9 N.S. 

Insulin Dose (U/Kg) 0.81 ± 0.3 0.81 ± 0.3 <0.001 0 0 N.S. 

Serum Creatinine (mg/dl) 1.2 ± 0.9 0.92 ± 0.31 N.S. 1.1 ± 0.3 0.9 ± 0.2 N.S. 

Cholesterol (mg/dl) 197.5 ± 38.4 191.0 ± 41.2 N.S. 219 ± 55 184.7 ± 42.8 N.S. 

HDL (mg/dl) 58.3 ± 17.4 51.7 ± 15.3 N.S. 39.8 ± 10.1 40.7 ± 12.8 N.S. 

Triglycerides (mg/dl) 121.1 ± 53.8 109.1 ± 53.1 N.S. 181.2 ± 79.1 166.1 ± 154.3 N.S. 

UAE 24h (µg/min) 102.6 (6.7-463) 9.17 (0.9-134) <0.001 18.7 (09-190.4) 4.6 (0.4-351) N.S. 

Retinopathy (%) 73 52 0.03 82 24 <0.001 

Nephropathy (%) 59 41 N.S. 33 7 N.S. 

Peripheral Vascular Disease (%) 22 2 0.04 0 6 N.S. 

Systolic BP (mmHg) 148.3 ± 26.9 126.1 ± 15.1 0.01 144.1 ± 21.4 127.3 ± 19.3 0.02 

Diastolic BP (mmHg) 94.8 ± 16.2 81.5 ± 8.4 0.005 88.2 ± 11.1 78.7 ± 12.1 N.S. 

Hypertension (%) 27 11 N.S. 44 23 N.S. 

Smokers (%) 44 36 N.S. 34 31 N.S. 

Alcohol Abuse (%) 11 2 N.S. 13 0 0.03 

                 UAE: urine albumin excretion; %: percent; M: male; F: female; BP: Blood Pressure; N: Study Sample 
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Table 3: Cardiovascular tests' univariate associations with clinical and metabolic markers in IDDM patients 

Variables 
Autonomic Score Deep Breathing Lying to Standing Valsalva Maneuver Postural Hypotension 

r P-value r P-value r P-value r P-value r P-value 

Age 0.15 0.28 -0.32 0.001 -0.07 0.521 0.04 0.625 -0.01 0.87 

BMI -0.28 0.021 -0.03 0.87 0.23 0.065 0.23 0.055 -0.1 0.06 

Diabetes 
Duration 

0.27 0.021 -0.25 0.007 -0.18 0.154 -0.24 0.051 0.04 0.65 

HbA1c 0.44 <0.001 -0.38 <0.001 -0.36 0.005 -0.43 <0.001 0.33 0.007 

Cholesterol 0.05 0.72 -0.22 0.08 0.2 0.51 -0.12 0.55 0.03 0.76 

Triglycerides 0.03 0.78 -0.27 0.01 0.13 0.23 -0.01 0.97 0.06 0.61 

UAE 24 h 0.52 <0.001 -0.36 0.03 -0.30 0.24 -0.33 0.05 0.33 0.12 

Systolic BP 0.25 0.07 -0.41 <0.001 -0.07 0.57 -0.03 0.84 0.37 <0.001 

Diastolic BP 0.22 0.09 -0.38 <0.001 -0.05 0.57 -0.03 0.91 0.34 <0.001 

Smoking 0.05 0.81 -0.04 0.73 -0.22 0.09 -0.16 0.31 0.15 0.25 

             r: Pearson’s correlation coefficient; UAE: urine albumin excretion; BP: Blood Pressure; BMI: body mass index 

Table 4: Cardiovascular tests' univariate associations with clinical and metabolic markers in NIDDM patients 

Variables 
Autonomic Score Deep Breathing Lying to Standing Valsalva Maneuver Postural Hypotension 

r P-value r P-value r P-value r P-value r P-value 

Age 0.25 0.09 -0.40 <0.001 -0.31 0.02 -0.11 0.52 -0.21 0.05 

BMI -0.02 0.89 -0.09 0.55 -0.04 0.86 -0.18 0.17 -0.13 0.38 

Diabetes 
Duration 

-0.04 0.89 -0.17 0.25 -0.09 0.55 0.08 0.51 -0.08 0.65 

HbA1c -0.11 0.54 0.07 0.63 0.05 0.78 0.17 0.32 -0.06 0.71 

Cholesterol 0.33 0.03 -0.14 0.34 -0.31 0.06 -0.32 0.03 0.04 0.87 

Triglycerides 0.05 0.88 0.16 0.43 -0.02 0.98 -0.14 0.55 0.03 0.78 

UAE 24 h -0.04 0.88 0.15 0.43 -0.02 0.95 -0.13 0.51 0.21 0.26 

Systolic BP 0.53 <0.001 -0.29 0.03 -0.33 0.02 -0.31 0.03 0.19 0.17 

Diastolic BP 0.51 0.002 -0.14 0.34 -0.32 -0.031 -0.14 0.39 0.29 0.04 

Smoking 0.06 0.81 -0.06 0.51 -0.09 0.56 -0.15 0.33 0.02 0.83 

           r: Pearson’s correlation coefficient; UAE: urine albumin excretion; BP: Blood Pressure; BMI: body mass index 

In NIDDM with autonomic neuropathy compared to those without, age 
was somewhat greater. In addition, the ratio of lying to standing was 
negatively associated to age in both IDDM and NIDDM patients, but 
only in NIDDM. In IDDM individuals with autonomic neuropathy 
compared to those without, the duration of diabetes was somewhat 
longer. Additionally, only in individuals with IDDM were autonomic 
score, the Valsalva maneuver, and deep breathing linked to the length 
of diabetes. These results are in line with previous research showing 
that autonomic function is only affected by the duration of diabetes in 
IDDM patients and not in NIDDM patients [11, 12], and that deep 
breathing and parasympathetically controlled heart rate tests, in 
particular, are age-dependent in both healthy and diabetic 
populations.  

In line with past studies, IDDM patients with autonomic neuropathy 
had worse glycemic control than those without autonomic neuropathy 
[15]. When employing a multiple regression analysis, glycated 
hemoglobin was also connected to autonomic score and cardiovascular 
tests in IDDM patients. In contrast, as shown by Zander et al. and Kim 
et al. [16, 17], there was no correlation between HbA1c and autonomic 
neuropathy in NIDDM patients. This data together with the absence of 
a correlation with the length of the illness raises the possibility that 
variables other than glycemic management are involved in the onset of 
autonomic neuropathy in NIDDM. 

We have discovered a strong connection between retinopathy and 
cardiovascular autonomic neuropathy in patients with both insulin-
dependent diabetes mellitus (IDDM) and non-insulin-dependent 

diabetes mellitus (NIDDM). This finding aligns with previous discoveries 
in IDDM [18]. But it is different from what was discovered in a prior 
research on NIDDM [19]. Although there was no notable correlation 
between autonomic neuropathy and nephropathy in either type of 
diabetes, our findings revealed a connection between albuminuria and 
autonomic score in IDDM patients with autonomic neuropathy. This 
suggests that the severity of autonomic damage is related to the extent 
of albumin excretion. In prior studies, a connection between 
microangiopathic effects and autonomic neuropathy was shown [20, 21, 

22]. The discrepancy may be due to the varying levels of 
microalbuminuria between IDDM and NIDDM when considering the 
connection between autonomic neuropathy and 24-hour UAE. 
Contrary to what is commonly believed, microalbuminuria in 
individuals with non-insulin dependent diabetes mellitus (NIDDM) is 
more commonly associated with a systemic vascular problem rather 
than being seen as an early sign of diabetic nephropathy. Additionally, 
it is less frequently considered a risk factor for mortality [23]. Therefore, 
a connection between autonomic neuropathy and nephropathy is not 
necessarily excluded only because albumin excretion and autonomic 
neuropathy in NIDDM are unrelated.  

In IDDM patients with autonomic neuropathy, we identified a reduced 
BMI. This index showed a favorable relationship with the Valsalva 
maneuver and an independent, adverse relationship with autonomic 
score. The idea that those with neuropathic conditions had worse 
glycemic control and a lower BMI was disproved by the absence of a 
correlation between body mass index and HbA1c. The previous study 
found a positive association between the two variables in patients with 
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IDDM. However, this finding does not support the negative relationship 
between autonomic neuropathy and body mass index that was 
observed in a multiple regression analysis [24]. Additionally, there was 
no significant positive correlation found between body mass index and 
cardiovascular tests or autonomic neuropathy in patients with NIDDM. 
Contrary to past results in people with non-diabetic obesity [25] and 
NIDDM [26]. 

In contrast to the people Rashid et al. [27] studied, who had coronary 
artery disease and could have been on cardiovascular drugs, our 
NIDDM patients were often younger, less fat, and free of cardiac 
disease. Thus, a link between obesity and autonomic neuropathy can 
only be shown in elderly people or those who have cardiovascular 
issues.  

Smoking or the quantity of cigarettes smoked daily were not associated 
with autonomic neuropathy or cardiovascular tests in people with 
IDDM or NIDDM. Only IDDM patients—not NIDDM patients—were 
identified in prior research to have a link between smoking and 
peripheral neuropathy [28, 29, 30]. While smoking was not linked to 
autonomic neuropathy in individuals with IDDM who underwent a 
cross-sectional investigation [31].  

Although hypertension was not linked to autonomic neuropathy in this 
investigation, neuropathic patients had higher blood pressure readings 
than non-neuropathic individuals. Patients with both IDDM and NIDDM 
exhibited similar symptoms. The majority of cardiovascular tests 
conducted in individuals with IDDM and NIDDM showed a correlation 
with both systolic and diastolic blood pressure. Notably, the 
association between the autonomic score and blood pressure was 
found to be stronger in individuals with NIDDM. There is a connection 
between hypertension and autonomic neuropathy in patients with 
insulin-dependent diabetes mellitus (IDDM). Hypertension may also 
increase the risk of developing autonomic neuropathy [25]. In a different 
research, hypertension in diabetic individuals was linked to an 
increased frequency of incorrect Valsalva maneuvers and cross 
correlation tests [32]. The importance of this findings is not immediately 
apparent. Nephropathy most likely represents the link between 
autonomic neuropathy and blood pressure in IDDM, but in NIDDM, the 
link between cardiovascular disease and neuropathy is less clear. 

Patients with and without autonomic neuropathy did not have 
different blood lipid levels, according to our observations. Between 
cholesterol, triglycerides, and cardiovascular tests, there was only a 
small and weak connection that was not significant. Some researchers 
found a link between IDDM-related lipid abnormalities and autonomic 
neuropathy [33], while others hypothesized that controlling blood lipid 
levels would be more crucial than glucose levels for preventing the 
progression of autonomic neuropathy [34]. 

CONCLUSION 

This clinic-based study establishes a clear link between autonomic 
neuropathy and microvascular diabetic complications, specifically 
retinal complications in both IDDM and NIDDM, as well as nephropathy 
in IDDM. In IDDM, there is evidence that glycemic control plays a 
significant impact, but in NIDDM, additional variables than metabolic 
control may be important. Contrarily, although there is evidence 
connecting autonomic neuropathy to blood pressure, there isn't a 
strong correlation to cardiovascular risk factors including obesity, 
smoking, or dyslipidemia. To further understand the pathophysiology 
and prognostic consequences of autonomic neuropathy and the link 
between cardiovascular risk factors and this condition, longitudinal and 
epidemiological studies are required. 

Conflict of Interest  

The authors declare no conflicts of interest.  

 

Funding 

None declared. 

REFERENCES 

1. Duque A, Mediano M, De Lorenzo A, Rodrigues J. Cardiovascular 
autonomic neuropathy in diabetes: Pathophysiology, clinical 
assessment and implications. World J Diabetes. 2021 Jun 
15;12(6):855-867.  

2. Vinik A, Erbas T, Casellini C. Diabetic cardiac autonomic 
neuropathy, inflammation and cardiovascular disease. J Diabetes 
Investig. 2013 Jan;4(1):4–18. 

3. Dimitropoulos G, Tahrani A, Stevens M. Cardiac autonomic 
neuropathy in patients with diabetes mellitus. World J Diabetes. 
2014 Feb 15;5(1):17–39. 

4. Balcıoğlu A, Müderrisoğlu H. Diabetes and cardiac autonomic 
neuropathy: Clinical manifestations, cardiovascular consequences, 
diagnosis and treatment. Diabetes Care. 2010 Feb;33(2):434–41. 

5. Pop-Busui R. Cardiac autonomic neuropathy in diabetes: a clinical 
perspective. Diabetes Care. 2010 Feb;33(2):434–41. 

6. Agashe S, Petak S. Cardiac Autonomic Neuropathy in Diabetes 
Mellitus. Methodist Debakey Cardiovasc J. 2018 Oct-
Dec;14(4):251-256.  

7. Moodithaya S, Avadhany ST. Gender differences in age-related 
changes in cardiac autonomic nervous function. J Aging Res. 
2012;2012:679345. 

8. Serra C, Sestu A, Murru V, Greco G, Vacca M, Scuteri A. Diabetes 
Affects the Relationship between Heart Rate Variability and 
Arterial Stiffness in a Gender-Specific Manner. J Clin Med. 2022 
Aug 23;11(17):4937.  

9. Williams S, Abdel Raheim S, Ilyas Khan M, et al. Cardiac Autonomic 
Neuropathy in Type 1 and 2 Diabetes: Epidemiology, 
Pathophysiology, and Management, Clinical Therapeutics. 2022; 
44(10):1394-1416,  

10. Cristian B, Remus P. Diabetic Neuropathy Prevalence and Its 
Associated Risk Factors in Two Representative Groups of Type 1 
and Type 2 Diabetes Mellitus Patients from Bihor County. Maedica 
(Bucur). 2018 Sep;13(3):229-234.  

11. Vinik A, Erbas T, Casellini C. Diabetic cardiac autonomic 
neuropathy, inflammation and cardiovascular disease. J Diabetes 
Investig. 2013 Jan;4(1):4-18.  

12. Zanin, A, Amah, G, Chakroun, S. et al. Parasympathetic autonomic 
dysfunction is more often evidenced than sympathetic autonomic 
dysfunction in fluctuating and polymorphic symptoms of "long-
COVID" patients. 2023;13:8251  

13. Behera BK, Vishnu K. Cardiac autonomic neuropathy in diabetes 
mellitus. Int J Res Med Sci 2018;6:88-93. 

14. Balcıoğlu AS, Müderrisoğlu H. Diabetes and cardiac autonomic 
neuropathy: Clinical manifestations, cardiovascular consequences, 
diagnosis and treatment. World J Diabetes. 2015 Feb 15;6(1):80-
91.  

15. Verrotti A, Prezioso G, Scattoni R, Chiarelli F. Autonomic 
neuropathy in diabetes mellitus. Front Endocrinol (Lausanne). 
2014 Dec 1;5:205.  

16. Zander E, Heinke P, Herfurth S, Reindel J, Ostermann FE, Kerner 
W. Relations between diabetic retinopathy and cardiovascular 
neuropathy--a cross-sectional study in IDDM and NIDDM patients. 
Exp Clin Endocrinol Diabetes. 1997;105(6):319-26.  

17. Kim HY, Jung HW, Lee YA, Shin CH, Yang SW. Cardiac autonomic 
neuropathy in nonobese young adults with type 1 diabetes. Ann 
Pediatr Endocrinol Metab. 2019 Sep;24(3):180-186.  

18. Viswanath K, McGavin DD. Diabetic retinopathy: clinical findings 
and management. Community Eye Health. 2003;16(46):21-4.  

19. Pearce I, Simó R, Lövestam-Adrian M, Wong DT, Evans M. 
Association between diabetic eye disease and other complications 
of diabetes: Implications for care. A systematic review. Diabetes 
Obes Metab. 2019 Mar;21(3):467-478.  



 

 

146 

20. Choi MS, Jun JE, Park SW, Yoo JH, Ahn J, Kim G, Jin SM, Hur KY, Lee 
MK, Kim JH. Association of Urinary N-Acetyl-β-D-Glucosaminidase 
with Cardiovascular Autonomic Neuropathy in Type 1 Diabetes 
Mellitus without Nephropathy. Diabetes Metab J. 2021 
May;45(3):349-357.  

21. Wheelock KM, Jaiswal M, Martin CL, Fufaa GD, Weil EJ, Lemley KV, 
Yee B, Feldman E, Brosius FC 3rd, Knowler WC, Nelson RG, Pop-
Busui R. Cardiovascular autonomic neuropathy associates with 
nephropathy lesions in American Indians with type 2 diabetes. J 
Diabetes Complications. 2016 Jul;30(5):873-9.  

22. Bjerre-Christensen T, Winther SA, Tofte N, et alCardiovascular 
autonomic neuropathy and the impact on progression of diabetic 
kidney disease in type 1 diabetesBMJ Open Diabetes Research and 
Care 2021;9:e002289.  

23. Currie G, McKay G, Delles C. Biomarkers in diabetic nephropathy: 
Present and future. World J Diabetes. 2014 Dec 15;5(6):763-76.  

24. Williams, S.M., Eleftheriadou, A., Alam, U. et al. Cardiac 
Autonomic Neuropathy in Obesity, the Metabolic Syndrome and 
Prediabetes: A Narrative Review. Diabetes Ther 10, 1995–2021 
(2019).  

25. Serhiyenko VA, Serhiyenko AA. Cardiac autonomic neuropathy: 
Risk factors, diagnosis and treatment. World J Diabetes. 2018 Jan 
15;9(1):1-24.  

26. Martín-Timón I, Sevillano-Collantes C, Segura-Galindo A, Del 
Cañizo-Gómez FJ. Type 2 diabetes and cardiovascular disease: 
Have all risk factors the same strength? World J Diabetes. 2014 
Aug 15;5(4):444-70.  

27. Rashid MA, Edwards D, Walter FM, Mant J. Medication taking in 
coronary artery disease: a systematic review and qualitative 
synthesis. Ann Fam Med. 2014 May-Jun;12(3):224-32.  

28. Clair C, Cohen MJ, Eichler F, Selby KJ, Rigotti NA. The Effect of 
Cigarette Smoking on Diabetic Peripheral Neuropathy: A 
Systematic Review and Meta-Analysis. J Gen Intern Med. 2015 
Aug;30(8):1193-203.  

29. Campagna D, Alamo A, Di Pino A, Russo C, Calogero AE, Purrello F, 
Polosa R. Smoking and diabetes: dangerous liaisons and confusing 
relationships. Diabetol Metab Syndr. 2019 Oct 24;11:85. Erratum 
in: Diabetol Metab Syndr. 2023 Jun 2;15(1):117.  

30. Śliwińska-Mossoń M, Milnerowicz H. The impact of smoking on 
the development of diabetes and its complications. Diabetes and 
Vascular Disease Research. 2017;14(4):265-276.  

31. Kim JH, Seo DC, Kim BJ, Kang JG, Lee SJ, Lee SH, Kim BS, Kang JH. 
Association between Cigarette Smoking and New-Onset Diabetes 
Mellitus in 78,212 Koreans Using Self-Reported Questionnaire and 
Urine Cotinine. Diabetes Metab J. 2020 Jun;44(3):426-435.  

32. Huang CC, Lee JJ, Lin TK, Tsai NW, Huang CR, Chen SF, Lu CH, Liu 
RT. Diabetic Retinopathy Is Strongly Predictive of Cardiovascular 
Autonomic Neuropathy in Type 2 Diabetes. J Diabetes Res. 
2016;2016:6090749.  

33. Dixit AK, Dey R, Suresh A, Chaudhuri S, Panda AK, Mitra A, Hazra J. 
The prevalence of dyslipidemia in patients with diabetes mellitus 
of ayurveda Hospital. J Diabetes Metab Disord. 2014 May 
22;13:58.  

34. Parhofer KG. Interaction between Glucose and Lipid Metabolism: 
More than Diabetic Dyslipidemia. Diabetes Metab J. 2015 
Oct;39(5):353-62. 
 

 


