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ABSTRACT

Background: Worldwide, the prevalence of diabetes mellitus is considerably high.
Cardiovascular autonomic neuropathy (CAN) is a severe complication of the advance
stage of diabetes. More than 50% of diabetic patients diagnosed with peripheral
neuropathy will have CAN, with clinical manifestations including tachycardia, severe
orthostatic hypotension, syncope, and physical exercise intolerance.

Aime :The study aimed to evaluate the prevalence of cardiovascular autonomic
neuropathy 1-in long term type 11 diabetic patients

Materials and Methods: A case control study to sample of 88 patients with long term
T2DM were collected from the department of medicine at Salah-Aldeen General
Hospital, Tikrit-Iraq. Assessment of cardiovascular autonomic neuropathy by
cardiovascular autonomic reflex test (CARTS).

Results: The results show cardiovascular autonomic neuropathy is common among the
people with T2DM (84.1%). The longer duration of the disease and fibrinogen level
becomes an independent factor of CAN incidences. Study revealed that the
lymphocyte levels in uncontrolled T2DM patients with CAN are lower than without
CAN.

The study conclude that cardiovascular autonomic neuropathy was common in long term
T2DM.
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1-INTRODUCTION

Worldwide, the

prevalence

which is common in individuals with T2DM and can
of T2DM is cause cardiovascular diseases (CVD) and CVD-

related mortality, is an underdiagnosed risk factor

considerably high. One of the most serious and

for CVD. (2). Several factors influence the

costly chronic diseases in the world with increased

in the Incidence considerably over the past 30 years, likelihood of getting autonomic dysfunction in

diabetes poor glycemic management, disease

and forecasts indicate that these numbers will

().
neuropathy (CAN),

duration, hypertension, dyslipidemia, and obesity

continue  to  increase  significantly

are recognized risk factors for CAN (3).

Cardiovascular autonomic
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Clinical manifestations of CAN include resting
tachycardia, exercise intolerance, impaired heart rate
variation (HRV) (4). Intraoperative and perioperative
cardiovascular instability, orthostatic hypotension
().
2-Aime

The study aimed to evaluate the prevalence of
cardiovascular autonomic neuropathy in long term
type 1l diabetic patients
3-MATERIALS AND METHODS

This study was conducted in the medical department
at Salah-Aldeen General Hospital in Tikrit, Iraq, from
the first of March 2021 to the end of December 2022.
Samples of T2DM were taken from the outpatient and
inpatient clinic medicine department for a case
control study. After receiving their consent for our

project, the patients were interviewed using a special

questionnaire, all participants were instructed to
abstain from tea, coffee ingestion, as well as energy
drinks and exercise for 24 hours prior to testing by
cardiovascular autonomic reflex tests (CARTS).

2-1. Inclusion criteria

1-T2DM.
2-Duration of illness >10 years.
2.2. Exclusion criteria

1-TIDM 2-T2DM less thanl0 years. 3-Congestive
heart failure, cardiac arrhythmias, and any other
chronic systemic diseases like chronic kidney
diseases. 4-Participants who were taking alpha- or
channel blockers,

beta-blockers, calcium

anticholinergics, sedatives, antidepressant agents
were exclude 5- Participants with evidence of
proliferative retinopathy were excluded from the Valsalva

mancuver.

Table (1) Cardiovascular autonomic reflex tests (CARTSs): (6)

Test Technique

Normal response and value

Heart rate  With the patient at rest and supine, HR is
variability monitored by ECG while the patient
(HRV)  breath in and out at 6 breath per minute,
paced by metronome or similar device

HR response During continuous ECG monitoring, the
to standing R-R interval is measured at beats 15 and
30 after standing
HR response The subject forcibly exhales into the
tothe  mouthpiece of a manometer to 40 mmHg
valsalva  for 15sec. a during ECG monitoring
maneuver

Systolic BP  Systolic BP is measured in the supine

response to subject. The patient stands and systolic BP

A difference in HR of >15 beats per minute is normal
and <10beats per minute is abnormal. The lowest
normal value for the expiration- to- inspiration ratio
of the R-R interval decreases with age,

Normally, a tachycardia is followed by reflex
bradycardia. The 30:15 ratio should be >1.03,
borderline 1.01-1.03
Healthy subjects develop tachycardia and peripheral
vasoconstriction during strain and an overshoot
bradycardia and rise in BP with release. The normal
ratio of longest R-R to shortest R-R is>1.2,
borderline 1.11-1.2
Normal response is a fall of <10mmHg, borderline
fall is a fall of 10-29 mmHg and abnormal fall is a

standing is measured after 2min decrease of >30 mmHg
Diastolic BP The subject squeezes a handgrip by The normal response for diastolic BP is a rice of
response to  dynamometer to establish a maximum.  >16mmHg in the other arm, borderline 11-15 mmHg
isometric  Grip is the squeeze at 30% maximum for 5
exercise min
HR= Heart rate, Bp=Blood pressure, HRV= Heart rate variability
4-Results

4-1-Prevalence of Cardiovascular Autonomic Neu
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Figure (1) shows that people with diabetes were classified according to the cardiac autonomic reflex

tests into those with CAN 74(84.1%), and just 14(15.9%) without CAN.

No CAN,
14, 15.9%

CAN, 74,
84.1%

Cardiac Autonomic Neuropathy (CAN)

Figure (1)Prevalence of Cardiovascular Autonomic Neuropathy in T2DM

4-2. Characteristic of the T2DM Participant include CAN and without CAN
Concerning the CAN and without CAN There was no significant of a difference in age, BMI, WHR,
but significant difference present in the duration (years)of illness which was longer in CAN group.

Table (2) Characteristic of the Participant Diabetes in relation to CAN and without CAN

Variable CAN n=74 without CAN n=14 P value
Age (years) 55.948.5 52.34£7.5 0.144
Disease Duration(years) 14.7+4.9 12.0£1.9 0.046*
BMI (Kg/m?) 29.70+4.92 27.31+3.88 0.089
WHR 1.035+0.22 1.006+0.058 0.6301

The data are present as Mean + SD

CAN=Cardiovascular autonomic neuropathy, BMI= body mass index, WHR=waist hip ratio

4-3. Blood Profile in Diabetics with and without CAN

Regarding to Hemoglobin, HbA1C, HCT, WBC, Lymphocytes, NLR and PWR that did not show
statistically significant differences between the two groups. On the other hand, Platelets and Fibrinogen
show significant increase in CAN group, while Neutrophils count was significantly increase in patient

without CAN.
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Table (3) - Blood Profile in Diabetics with and without CAN

Variable CAN n=74 Without CAN n=14 P value

HbAIC (%) 9.800 8.900 0.061
(6.0-12.9) (6.1-10.3)

Hemoglobin (g/dL) 12.300 12.450 0.653
(9.4-17.2) (11.0-16.0)

HCT (%) 38.250 38.350 0.898

(29.40-57.60) (34.50-43.80)

WBC (10°/L) 9.900 11.050 0.079
(3.2-20.3) (7.9-28.9)

Platelets (x10'%/L) 276.000 231.500 0.011*
(133-468) (98-393)

Lymphocytes 2.850(1-32) 3.950(2.9-21.8) 0.233

(10°/L)

Neutrophils (10°/L) 4.450 5.400 0.018%*
(1.3-10.7) (2.3-17.4)

Neut/Lym Ratio 1.360 1.530 0.820

(0.063-3.240) (0.180-2.940)

Platelets/WBC 19.340 23.360 0.804

Ratio (8.000-81.56) (6.57-5.32)

Fibrinogen 287.000 204.000 0.04*

(mg/dL) (158-389) (202-318)

The data are present as Mean = SD and (Range) or median and (Range)

4-4. Characteristic of the Biochemical Investigation in CAN and without CAN Groups
Renal function test and lipid profile results in diabetes with and without CAN, show no significant

different.
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Table(4) Biochemical Profile in Diabetes According to CAN

Variable CAN n=74 without CAN n=14 P value
Blood urea (mg/dl) 36.000 33.000
0.208
(28-128) (30-39)
0.900 0.92
Serum creatinine (mg/dl) 0.531
(0.40-3.80) (0.63-1.20)
Serum uric acid (mg/dl) 5.7+£0.8 5.4+0.6 0.294
Total cholesterol (mg/dl) 194.8+41.0 198.1+£31.9 0.774
Triglycerides (mg/dl) 202.000 193.000 0.101
(162-308) (94-610) '
HDL (mg/dl) 26.5+3.7 31.5+12.1 0.132
LDL (mg/dl) 125.5429.2 106.1£35.8 0.059

The data are present as Mean = SD and (Range) or median and (Range)

HDL=high density lipoprotein, LDL= low density lipoprotein

4-5. Blood Pressure and Resting Tachycardia (beat/min) in CAN and without CAN groups

In this study hypertension form (59.5%) in CAN and (57.1%) among without CAN groups, but

neither systolic blood pressure nor diastolic blood pressure(mmHg) have significant difference

between both groups. About resting tachycardia there is highly significant difference in CAN group
(101.14£20.7) in compare to without CAN group (89.99+12.64).

TABEL (5) Blood Pressure and Resting Tachycardia in Diabetics with and without CAN

Variable CAN n=74 Without CAN n=14 P -value
Resting  tachycardia | 101.14+20.7 89.99+12.64 0.008*
(beat/min)

Systolic blood | 132.4£17.0 135.7£17.9 0.500
pressure(mmHg)

Diastolic blood | 79.8+11.5 81.449.3 0.609
pressure(mmHg)

Hypertension 44(59.5%) 8(57.1%) 0.872

The data are present as Mean+SD

4-6. Cardiovascular Autonomic Reflex Tests Finding in CAN and without CAN groups
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Summarizes the parameters of CARTs analysis in patient groups include CAN and without CAN of
short-term recording (during resting) revealed :
*Analysis for the parasympathetic system: all the heart rate response to (E: I Ratio, and Valsalva
Maneuver) show significantly lower in CAN when compared to without CAN, while HR response to
standing (30:15 Ratio) has no significant difference.
* Analysis for the sympathetic system: The significant of BP response to sustained handgrip test (HGT)

was low, while high BP response to stand in CAN group. It was obvious that Ewing score

was significantly increase in CAN group.

Table (6) Cardiovascular Autonomic Reflex Tests in CAN and without CAN

CARTs 5371: Without CAN n=14 | ¥ ¥2"®

HR response (E: I Ratio) 3.900 8.00 0.0001*
(1.60-16.00) (1.200-14.800)

HR response (30:15 Ratio) 0.940 0.990 0.163
(0.81-1.03) (0.84-1.006)

HR response to Valsalva Maneuver 1000 1.155 0.002*

(Valsalva Ratio) (0.70-1.70) (0.95-1.80)

BP response to sustained handgrip 16.250 16.500 0.038*

(mmHg) (8.00-19.00) (9.00-20.00)

BP response to standing(mmHg) 10.000 9.000 0.040%*
(3.00-32.00) (6.50-11.00

Ewing Score 3.000 2.000 0.0001%*
(2.5-4.0) (1.5-2.5)

The data are present as median and (Range)

HR = heart rate; E: I = expiration: inspiration; BP =blood pressure , CARTs= cardiovascular autonomic

reflex tests

5-Discussion

5-1- Prevalence of Cardiovascular Autonomic Neuropathy in T2DM

In current study eighty-eight people with diabetes divided according to cardiac autonomic tests to CAN 74
(84.1%) and without CAN 14(15.9%), while other studies show CAN prevalence,39.1% (7),29.9% (8), (52.82%)
9).

CAN prevalence ranges from as low as 1% to as high as 90% in long standing DM (10), (11). The prevalence
of CAN in current study higher than other studies, this is because the patients of current study had long duration
of T2DM (10-30y) and diabetes duration is a major risk factor for the development of CAN in patients with T2DM
(12).

5-2- Characteristic of the T2DM Participant include CAN and without CAN:
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The Age: The study concluded non-significant difference in the mean age of the diabetics with and without CAN,
similar other studies done by Shah B et al and Jindal S et al (13), (14).

BMI and WHR: Absent BMI and WHR with CAN correlations may be explained by the fact that BMI quantifies
general adiposity; although individuals who are overweight or obese are likely to have excess fat, BMI and WHR
does not indicate how this fat is distributed in the body (15), (16). Have confirmed that WHR is a superior clinical
measure for predicting all-cause and cardiovascular disease mortality.

The Duration: In present study, the prevalence of CAN increases as the duration of diabetes increases (10 years
and more). In their studies done by Moningi S and Bhuyan et al (17), (18) have shown that the longer duration of
diabetes mellitus is independently associated with CAN. The incidence of CAN was reported to be 2% annually
in patients with T2DM(19).The prevalence increased from 9 to 31% 1 year later (20). In addition, Dimova R et a/
found that prevalence increased from 19.8% in pre-diabetics to 32.2% in newly diagnosed patients with T2DM
(21), while the current study show higher percentage because illnesses duration of the sample already have 10
years or more that go with CAN was more common in those people with diabetes for over 10 years. (22). It is reported
in this study that DM duration becomes an independent factor of CAN incidences.

5-3 Blood Profile in Diabetics with and without CAN

-Glycated hemoglobin: despite no significantly difference of HbA1C between the two groups in this present
research but still high in the mean value of CAN patients this is probably due to use hypoglycemic treatment
made HbA 1C no so different. Other cause attributable to including GI autonomic neuropathy and delayed gastric
emptying, it can be challenging to maintain glycemic control (23).

A mismatch between insulin delivery and glucose absorption may result from glycemic disturbances and GI
dysmotility (24).

- Fibrinogen Level: There is high difference value between CAN and without CAN in this study.
Hyperfibrinogenemia has been identified as a separate risk factor for cardiovascular disease and is an indicator of
inflammatory vascular changes and endothelial dysfunction (25).

-WBC and Lymphocyte Count: lack of a significant correlation between CAN and without CAN in current
study.

-Neutrophils Count: Although neutrophilia in diabetes was common because of functionally altered, due to
exposure to the diabetic microenvironment, including changes to blood glucose as well as other factors. (26),but
in current study is different in CAN group that lower count when compare with without CAN ,this probably due
to co-infections: Viral, bacterial and parasitic infections ,Medications, nutritional

deficiencies( 27).

- Platelet Count: Study revealed that platelet count was significantly higher in CAN when compare with without
CAN, like study (28), and increased Platelets activity have been reported in diabetics as demonstrated by increases
in GPs IIb/I11a, 1b-I1X, and 1a/Ila, other factors, false increase of the platelet count can be observed in the presence
of non-platelet particles (as small as platelets), such as fragmented erythrocytes, fragments of nucleated cells,
bacteria, fungi, lipids, and cryoglobulins.(29).

5-4- Biochemical Investigation in CAN and without CAN Groups:

-Renal function: Although there was no significant difference, in serum creatinine and blood urea between CAN
and without CAN patients, but the value of upper limit present in CAN patients, this gives ideas that renal

impairment presents in CAN but cannot know the degree of that impairment without measure GFR.
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-Lipids Profile: Dyslipidemia contributes to CAN in T2DM (30). But in the current study Lipids
profile get no significant difference between CAN and without CAN, this probably because many of the
participants used statin treatment, thus, serological CVD risk factors such as cholesterol, triglycerides, and HDL
were within the normal ranges.

5-5- Resting Tachycardia and Blood Pressure:

- Resting Tachycardia: There is highly significant in CAN group in compare to without CAN group. One of the
earliest signs of CAN is asymptomatic abnormalities in heart rate, which later progresses to resting tachycardia
(90-130 bpm) (31). A fixed and unresponsive HR to breathing is associated with complete cardiac denervation
and severe CAN (10). Therefore, resting HR can be used as a diagnostic and prognostic tool in patients with DM
after excluding other causes of tachycardia (19). resting tachycardia is associated with an increased risk of death
and CV complications (32).

-Systolic and Diastolic Blood Pressure (SBp and DBp): Although hypertension present in both CAN and without
CAN 44(59.5%), 8(57.1%) respectively, but there was no significant difference between two groups of the
diabetic patients regarding to SBp and DBp. Use of antihypertensive drugs in those diabetic patients may affect
the current results.

5-6- Cardiovascular Autonomic Reflux Tests Finding in CAN and without CAN Groups:

According to the Ewing and colleagues' method, the gold standard to measure the CAN is cardiovascular
autonomic reflex tests (33). The five tests reflect both arms of the sympathetic and parasympathetic nervous
system, and a minimum of two abnormal tests define the presence of CAN in people with DM (34). The presence
of CAN with two abnormal tests was linked to higher CVD mortality rates (2) Therefore, identifying risk factors
associated with CAN may help health care professionals attenuate these factors and implement strategies to reduce
future risk and mortality.

In the current study cardiovascular autonomic neuropathy was detected in approximately most patients with
sympathetic involvement and in most patients with parasympathetic involvement, but with less frequency, this is
contrast to what was mentioned in the literature, this may be due to that most patients in study had T2DM, with
poor glycemic control and long duration of undiscovered DM, indicating that presence of autonomic symptoms
indicate necessarily a severe form of cardiovascular autonomic neuropathy, this is consistent with Smith's
findings(35),give idea that the rigid division of cardiovascular autonomic neuropathy into sympathetic and
parasympathetic is not appropriate as both nerves are involved to differing degrees in most patients. Being rarely
life threatening (as many doctors believe), the symptoms of cardiovascular autonomic neuropathy received little
attention by researchers compared to other diabetic complications.

Conclusion

Cardiovascular autonomic neuropathy is common among the people with long standing T2DM that
diagnosed by cardio vascular reflexes (Ewing’s Test) .Duration of diabetes was independent risk factors
for CAN.

The risk factors for diabetic cardiovascular autonomic neuropathy including significantly lower in
neutrophils count while, Fibrinogen level and Platelets count were higher significant when compare

with without CAN.

217



Acknowledgements My great thanks are forwarded to my wife for her special support and for
everybody who have helped and supported me along this effort

References:

1-Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, UnwinN, Colagiuri S, Guariguata L, Motala AA,
Ogurtsova K, Shaw JE, Bright D, Williams R (2019) Global and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: results from the International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res ClinPract 157.

2-Ahmad Osailan.Cardiovascular autonomic neuropathy in people with type 2 diabetes mellitus; investigation
of its association with classical cardiovascular risk factors using cardiovascular autonomic reflex tests: a cross-
sectional study. The 73(1), (2021) .

3-Victoria A Serhiyenko, Alexandr A Serhiyenko, Cardiac autonomic neuropathy: Risk factors, diagnosis and
treatment. World j Diabetis. 2018 Jan 15;9(1):1-24.

4-Vinik Al. The conductor of the autonomic orchestra. Front Endocrinol (2012) 3:71.

5-Fisher VL, Tahrani AA. Cardiac autonomic neuropathy in patients with diabetes mellitus: current perspectives.
Diabetes MetabSyndrObes. 2017; 10:419-34.

6-Shruti Agashe, M.D. and Steven Petak, Cardiac Autonomic Neuropathy in Diabetes Mellitus. METHODIST
DEBAKEY CARDIOVASC J | 14 (4) 2018).

7-Anca Motataianu, Smaranda Maier, ZoltanBajko, SeptimiuVoidazan, RodicaBalasa& Adina Stoian .Cardiac
autonomic neuropathy in type 1 and type 2 diabetes patients. BMC Neurology(2018)18:126.

8-Ji Eun Jun, Seung-EunLee, MinSunChoi, Sung Woon Park, You-Cheol Hwang & Jaec Hyeon Kim Clinical
factors associated with the recovery of cardiovascular autonomic neuropathy in patients with type 2 diabetes
mellitus.CardiovascDiabetol (2019) 18:29

9-Muhanad M. Dhumad,Farqad B. Hamdan, Mahmood S. Khudhair, and Hisham Y. Al-Matubsilf. Correlation of
staging and risk factors with cardiovascular autonomic neuropathy in patients with type II diabetes mellitus.Sci
Rep. 2021; 11: 3576.

10-Pop-Busui R. What do we know and we do not know about cardiovascular autonomic neuropathy in diabetes. J
CardiovascTransl Res. 2012;5(4):463—-478.

11-Verrotti A, Prezioso G, Scattoni R, Chiarelli F. Autonomic neuropathy in diabetes mellitus. Frontiers in
Endocrinology; 5: 1-6. (2014)

12-Spallone V, Ziegler D, Freeman R, Bernardi L, Frontoni S, Pop-Busui R, et al. (2011). Cardiovascular
autonomic neuropathy in diabetes: clinical impact, assessment, diagnosis, and management. Diabetes Metab Res
Rev 27:639-53. doi:10.1002/dmrr.1239

13- Shah B, Sha D, Xie D, Emile R, Mohler ER, Berger JS. The Relationship between Diabetes, Metabolic
Syndrome, and Platelet Activity as Measured by Mean Platelet Volume: The National Health and Nutrition
Examination Survey, 1999-2004. Diabetes Care. 2012 May;35(5):1074-1078.

14- Jindal S, Gupta S, Gupta R, Kakkar A, Singh HV, Gupta K, et al. Platelet indices in diabetes mellitus:

indicators of diabetic microvascular complications. Hematology. 2011;16(2):86-9.

218


https://pubmed.ncbi.nlm.nih.gov/?term=Serhiyenko+VA&cauthor_id=29359025
https://pubmed.ncbi.nlm.nih.gov/?term=Serhiyenko+AA&cauthor_id=29359025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agashe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30788010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30788010
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Anca-Mo____ianu
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Smaranda-Maier
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Zoltan-Bajko
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Septimiu-Voidazan
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Rodica-B_la_a
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-018-1125-1#auth-Adina-Stoian
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-Ji_Eun-Jun
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-Seung_Eun-Lee
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-Min_Sun-Choi
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-Sung_Woon-Park
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-You_Cheol-Hwang
https://cardiab.biomedcentral.com/articles/10.1186/s12933-019-0830-4#auth-Jae_Hyeon-Kim
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878737/

15-Welborn, T. A. &Dhaliwal, S. S. Preferred (2007). clinical measures of central obesity for predicting mortality.
Eur. J. Clin. Nutr. 61(12), 1373-1379.

16- Srikanthan, P., Seeman, T. E. &Karlamangla, A. S. (2009). Waist-hip-ratio as a predictor of all-cause mortality
in high functioning older adults. Ann. Epidemiol. 19(10), 724-731.

17-Moningi S, Nikhar S, Ramachandran G. (2018) Autonomic disturbances in diabetes: Assessment and
anaesthetic implications. Indian J. Anaesth. ;62(8):575-583.

18-Bhuyan, Ashok K.; Baro, Abhamoni; Sarma, Dipti; Choudhury, Bipul (2019). A Study of Cardiac Autonomic
Neuropathy in Patients with Type 2 Diabetes Mellitus.Indian Journal of Endocrinology and Metabolism: -
Volume 23 - Issue 2 - p 246-250.

19-Dimitropoulos G, Tahrani AA, Stevens MJ, (2014). Cardiac autonomic neuropathy in patients with diabetes
mellitus. World J Diabetes.;5(1):17-39.

20-Pop-Busui R, Braffett BH, Zinman B, Martin C, White NH, Herman WH, et al. Cardiovascular autonomic
neuropathy and cardiovascular outcomes in the Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications (DCCT/EDIC) study. Diabetes Care. 2017;40(1):94-100.

21- Dimova R, Tankova T, Guergueltcheva V, Tournev I, Chakarova N, Grozeva G, et al. Risk factors for
autonomic and somatic nerve dysfunction in different stages of glucose tolerance.J. Diabetes
Complicat. 2017;31(3):537-543.

22-Richard Migisha, David Collins Agaba, Godfrey Katamba, Teddy Kwaga, Raymond Tumwesigye, Silvia
Lopez Miranda, Anthony Muyingo, and Mark J. Siedner (2020). Prevalence and Correlates of Cardiovascular
Autonomic Neuropathy Among Patients with Diabetes in Uganda: A Hospital-Based Cross-sectional Study.Glob
Heart. ; 15(1): 21.

23-Yeoree Yang, Eun-Young Lee, Jac-Hyoung Cho, Yong-Moon Park, Seung-Hyun Ko, Kun-Ho Yoon, Moo-Il
Kang, Bong-Yun Cha, and Seung-Hwan Lee,(2018). Cardiovascular Autonomic Neuropathy Predicts Higher
HbAlc Variability in Subjects with Type 2 Diabetes Mellitus.Diabetes Metab J. ; 42(6): 496-512.
24-Parthasarathy G, Kudva YC, Low PA, Camilleri M, Basu A, Bharucha AE. (2017) Relationship between
gastric emptying and diurnal glycemic control in type 1 diabetes mellitus: a randomized trial. J Clin Endocrinol
Metab. ; 102:398-406.

25-Mohiuddin SS Correlation of Glycemic Status with Plasma Fibrinogen Level in Insulin Dependent as Well as
Noninsulin Dependent Diabetic Patients. J EndocrinolDiab. (2018) 5(5): 1-6.

26-Rebeca Dowey,Bittersweet Ahmed Igbal,SimonR,Heller,JanSabroe and Lynne.R.A. (2021)Response to
Infection in Diabetes — Frontiers.v;12.

27-Sabrina Felson, (2022) MD Neutropinaon,Hindawi.June 08.

28-Akinsegun, Akinbami, AkinolaOlusola, Dada, Sarah, John-Olabode, Olajumoke, Oshinaike, Adewumi,
Adediran, Majeed, Mean platelet volume and platelet counts in type 2 Diabetes: Mellitus on treatment and non-
diabetic mellitus controls in Lagos, Nigeria. Pan Afr Med J. 2014 May 12; 18:42.

29-Motahareh Kheradmand, Hossein Ranjbaran, Reza Alizadeh-Navaei, Reza Yakhkeshi, and Mahmood
Moosazadeh, (2020). Association between White Blood Cells Count and Diabetes Mellitus in Tabari Cohort Study:
A Case-Control Study J. Clin. Med., 9, 808.

30-Lige Songl, Linuo Zhou and Zihui Tangl. (2016) An association analysis of lipid profile and diabetic

cardiovascular autonomic neuropathy in a Chinese sample . Lipids in Health and Disease.

219


https://journals.lww.com/indjem/toc/2019/23020
https://journals.lww.com/indjem/toc/2019/23020
https://pubmed.ncbi.nlm.nih.gov/?term=Migisha%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Agaba%20DC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Katamba%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kwaga%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tumwesigye%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Miranda%20SL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Miranda%20SL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Muyingo%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Siedner%20MJ%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7218768/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7218768/
https://pubmed.ncbi.nlm.nih.gov/?term=Yang%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lee%20EY%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cho%20JH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Park%20YM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ko%20SH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yoon%20KH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kang%20MI%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kang%20MI%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cha%20BY%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lee%20SH%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6300446/
https://www.webmd.com/sabrina-felson
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Akinsegun%2C+Akinbami
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Akinola+Olusola%2C+Dada
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Sarah%2C+John-Olabode
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Olajumoke%2C+Oshinaike
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Adewumi%2C+Adediran
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Adewumi%2C+Adediran
https://cendekia.unisza.edu.my/neuaxis-e/Author/Home?author=Majeed%2C+Odesanya
https://pubmed.ncbi.nlm.nih.gov/?term=Kheradmand%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ranjbaran%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Alizadeh-Navaei%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yakhkeshi%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Moosazadeh%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Moosazadeh%20M%5BAuthor%5D

31-Vinik Al, Erbas T. (2013). Diabetic autonomic neuropathy. HandbClin Neurol.; 117:279-294.

32-Vinik AI, Erbas T, Casellini CM. (2013). Diabetic cardiac autonomic neuropathy, inflammation and
cardiovascular disease. J Diabetes Investig. ;4:4—18.

33-Fisher VL, Tahrani AA, (2017). Cardiac autonomic neuropathy in patients with diabetes mellitus: current
perspectives. Diabetes MetabSyndr Obes.;10:419-34.

34-Didangelos T, Moralidis E, Karlafti E, Tziomalos K, Margaritidis C, Kontoninas Z, Hatzitolios A. (2018), A
comparative assessment of cardiovascular autonomic reflex testing and cardiac 123i-metaiodobenzylguanidine
imaging in patients with type 1 diabetes mellitus without complications or cardiovascular risk factors. Int J
Endocrinol.;2018:1-7.

35-Amira Siddig, Abbas her Hussien, Mohamed Ahmed, Khabab Abbasher Hussien, Mohamed Ahmed&
Mohammed Eltahier Abdalla Omer (2021). Diabetic Cardiovascular Autonomic Neuropathy. Research Article.

220



	1-INTRODUCTION
	Clinical manifestations of CAN include resting tachycardia, exercise intolerance, impaired heart rate variation (HRV) (4). Intraoperative and perioperative cardiovascular instability, orthostatic hypotension (5).
	2-Aime
	The study aimed to evaluate the prevalence of cardiovascular autonomic neuropathy in long term type ll diabetic patients
	3-MATERIALS AND METHODS
	This study was conducted in the medical department at Salah-Aldeen General Hospital in Tikrit, Iraq, from the first of March 2021 to the end of December 2022. Samples of T2DM were taken from the outpatient and inpatient clinic medicine department fo...
	5-4- Biochemical Investigation in CAN and without CAN Groups:
	6-Shruti Agashe, M.D. and Steven Petak, Cardiac Autonomic Neuropathy in Diabetes Mellitus. METHODIST DEBAKEY CARDIOVASC J | 14 (4) 2018).
	7-Anca Moţăţăianu, Smaranda Maier, ZoltanBajko, SeptimiuVoidazan,  RodicaBălaşa& Adina Stoian .Cardiac autonomic neuropathy in type 1 and type 2 diabetes patients.BMC Neurology(2018)18:126.
	8-Ji Eun Jun, Seung-EunLee, MinSunChoi, Sung Woon Park, You-Cheol Hwang & Jae Hyeon Kim Clinical factors associated with the recovery of cardiovascular autonomic neuropathy in patients with type 2 diabetes mellitus.CardiovascDiabetol (2019) 18:29
	9-Muhanad M. Dhumad,Farqad B. Hamdan, Mahmood S. Khudhair, and Hisham Y. Al-Matubsi. Correlation of staging and risk factors with cardiovascular autonomic neuropathy in patients with type II diabetes mellitus.Sci Rep. 2021; 11: 3576.
	10-Pop-Busui R. What do we know and we do not know about cardiovascular autonomic neuropathy in diabetes. J CardiovascTransl Res. 2012;5(4):463–478.
	11-Verrotti A, Prezioso G, Scattoni R, Chiarelli F. Autonomic neuropathy in diabetes mellitus. Frontiers in Endocrinology; 5: 1-6. (2014)
	12-Spallone V, Ziegler D, Freeman R, Bernardi L, Frontoni S, Pop-Busui R, et al. (2011). Cardiovascular autonomic neuropathy in diabetes: clinical impact, assessment, diagnosis, and management. Diabetes Metab Res Rev 27:639–53. doi:10.1002/dmrr.1239
	13- Shah B, Sha D, Xie D, Emile R, Mohler ER, Berger JS. The Relationship between Diabetes, Metabolic Syndrome, and Platelet Activity as Measured by Mean Platelet Volume: The National Health and Nutrition Examination Survey, 1999-2004. Diabetes Care. ...
	14- Jindal S, Gupta S, Gupta R, Kakkar A, Singh HV, Gupta K, et al. Platelet indices in diabetes mellitus: indicators of diabetic microvascular complications. Hematology. 2011;16(2):86–9.
	15-Welborn, T. A. &Dhaliwal, S. S. Preferred (2007). clinical measures of central obesity for predicting mortality. Eur. J. Clin. Nutr. 61(12), 1373–1379.
	16- Srikanthan, P., Seeman, T. E. &Karlamangla, A. S. (2009). Waist-hip-ratio as a predictor of all-cause mortality in high functioning older adults. Ann. Epidemiol. 19(10), 724–731.
	17-Moningi S, Nikhar S, Ramachandran G. (2018) Autonomic disturbances in diabetes: Assessment and anaesthetic implications. Indian J. Anaesth. ;62(8):575–583.
	18-Bhuyan, Ashok K.; Baro, Abhamoni; Sarma, Dipti; Choudhury, Bipul (2019). A Study of Cardiac Autonomic Neuropathy in Patients with Type 2 Diabetes Mellitus.Indian Journal of Endocrinology and Metabolism:  - Volume 23 - Issue 2 - p 246-250.
	19-Dimitropoulos G, Tahrani AA, Stevens MJ, (2014). Cardiac autonomic neuropathy in patients with diabetes mellitus. World J Diabetes.;5(1):17–39.
	20-Pop-Busui R, Braffett BH, Zinman B, Martin C, White NH, Herman WH, et al. Cardiovascular autonomic neuropathy and cardiovascular outcomes in the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT...
	21- Dimova R, Tankova T, Guergueltcheva V, Tournev I, Chakarova N, Grozeva G, et al. Risk factors for autonomic and somatic nerve dysfunction in different stages of glucose tolerance. J. Diabetes Complicat. 2017;31(3):537–543.
	22-Richard Migisha, David Collins Agaba, Godfrey Katamba, Teddy Kwaga, Raymond Tumwesigye, Silvia Lopez Miranda, Anthony Muyingo, and Mark J. Siedner, (2020). Prevalence and Correlates of Cardiovascular Autonomic Neuropathy Among Patients with Diabete...
	23-Yeoree Yang, Eun-Young Lee, Jae-Hyoung Cho, Yong-Moon Park, Seung-Hyun Ko, Kun-Ho Yoon, Moo-Il Kang, Bong-Yun Cha, and Seung-Hwan Lee,(2018). Cardiovascular Autonomic Neuropathy Predicts Higher HbA1c Variability in Subjects with Type 2 Diabetes Mel...
	24-Parthasarathy G, Kudva YC, Low PA, Camilleri M, Basu A, Bharucha AE. (2017) Relationship between gastric emptying and diurnal glycemic control in type 1 diabetes mellitus: a randomized trial. J Clin Endocrinol Metab. ; 102:398–406.
	25-Mohiuddin SS Correlation of Glycemic Status with Plasma Fibrinogen Level in Insulin Dependent as Well as Noninsulin Dependent Diabetic Patients. J EndocrinolDiab. (2018) 5(5): 1-6.
	26-Rebeca Dowey,Bittersweet Ahmed Iqbal,SimonR,Heller,IanSabroe and Lynne.R.A. (2021)Response to Infection in Diabetes – Frontiers.v;12.
	27-Sabrina Felson, (2022) MD Neutropinaon,Hindawi.June 08.
	28-Akinsegun, Akinbami, AkinolaOlusola, Dada, Sarah, John-Olabode,  Olajumoke, Oshinaike, Adewumi, Adediran, Majeed, Mean platelet volume and platelet counts in type 2 Diabetes: Mellitus on treatment and non-diabetic mellitus controls in Lagos, Nigeri...
	29-Motahareh Kheradmand, Hossein Ranjbaran, Reza Alizadeh-Navaei,  Reza Yakhkeshi,  and Mahmood Moosazadeh, (2020). Association between White Blood Cells Count and Diabetes Mellitus in Tabari Cohort Study: A Case-Control Study J. Clin. Med., 9, 808.
	30-Lige Song1, Linuo Zhou and Zihui Tang1. (2016) An association analysis of lipid profile and diabetic cardiovascular autonomic neuropathy in a Chinese sample . Lipids in Health and Disease.
	31-Vinik AI, Erbas T. (2013). Diabetic autonomic neuropathy.  HandbClin Neurol.; 117:279–294.
	32-Vinik AI, Erbas T, Casellini CM. (2013). Diabetic cardiac autonomic neuropathy, inflammation and cardiovascular disease. J Diabetes Investig. ;4:4–18.
	33-Fisher VL, Tahrani AA, (2017). Cardiac autonomic neuropathy in patients with diabetes mellitus: current perspectives. Diabetes MetabSyndr Obes.;10:419-34.
	34-Didangelos T, Moralidis E, Karlafti E, Tziomalos K, Margaritidis C, Kontoninas Z, Hatzitolios A. (2018), A comparative assessment of cardiovascular autonomic reflex testing and cardiac 123i-metaiodobenzylguanidine imaging in patients with type 1 di...
	35-Amira Siddig, Abbas her Hussien, Mohamed Ahmed, Khabab Abbasher Hussien, Mohamed Ahmed& Mohammed Eltahier Abdalla Omer (2021). Diabetic Cardiovascular Autonomic Neuropathy. Research Article.




