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World Health Organization estimates that
the number of people with Diabetes Mellitus
(DM) grew by nearly 300 % from 1980 to 2014,
to 422 million worldwide. That number is also
predicted to rise, to 642 million people living
with diabetes worldwide by 2040 [1, 2]. A close
link exists between DM and cardiovascular di-
sease (CVD). CVD is the most prevalent cause
of mortality and morbidity in diabetic popula-
tions [3]. That relative risk in adults with DM
ranges from 1 to 3 in men and from 2 to 5 in
women compared to those without DM [4].

Cardiac autonomic neuropathy (CAN) is a
very common diabetes-related complication that
coexists with increased risk of renal disease,
stroke, CVD and sudden death [5]. Based on the
CAN Subcommittee of the Toronto Consensus
Panel on Diabetic Neuropathy [6, 7], CAN is

defined as the impairment of cardiovascular
autonomic control in patients with established
DM following the exclusion of other causes.
The prevalence of CAN varies between 1 %
and 90 % in patients with type 1 DM (DM 1)
and 20%-73% in patients with type 2 DM
(DM 2) [8]. CAN may be detected by analysis
of Heart Rate Variability (HRV) or standard
cardiac autonomic reflex testing (CART), which
are considered as the gold standard in clini-
cal testing for autonomic neuropathy [9, 10].
Criteria for CAN diagnosis and staging are:
one abnormal cardiovagal test result identifies
possible or early CAN; at least two abnormal
cardiovagal test results are required for defi-
nite or confirmed CAN; and the presence of or-
thostatic hypotension in addition to abnormal
heart rate test results identifies severe or ad-
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«Features of the comorbid flow of diseases of the internal organs: risk factors, mechanisms of development and mutual
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vanced CAN. Progressive stages of CAN are
associated with increasingly worse prognosis [7].

Despite the significant consequences CAN
often remains undiagnosed for a prolonged pe-
riod. Careful and timely testing of CAN with
easy standard bedside tests in patients with
DM 1 and 2 is critically important for early

diagnoses and prophylaxes of further CV com-
plications [11].

Aim of the study: to evaluate the CAN
characteristics in DM 1 versus DM 2 patients
and to identify the relationship between CAN
and typical diabetic complications.

MATERIALS AND METHODS

A descriptive and comparative cross-sec-
tional study was developed with 75 patients
with DM (DM 1 — 30 patients, DM 2 — 45 pa-
tients) during in-patient period of treatment
(table 1). All patients were investigated rou-
tinely — complains, anamnestic data, objective
examination, lab and instrumental tests.

Every participant was also examined for
the peripheral neuropathy by testing for abnor-
mal pin-prick sensations of the limbs, abnor-
mality of position sense in the big toes, and the
absence of Achilles’ tendon reflex. Hypertensive
patients and those with nephropathy were ex-
cluded from the study because of their likeli-
hood of having baseline ECG abnormalities
and possible interfering with the autonomic

function tests. For defining of CAN five clas-
sical tests were done (CART): Evaluating of
the resting tachycardia; Heart rate response
to deep breathing; Valsalva maneuver; Systolic
blood pressure response to standing; Diastolic
blood pressure response to sustained handgrip
[10, 12].

Statistical analyzes was carried out using
licensed software products of Microsoft Office
Professional 2003, the license of Russian Acade-
mic OPEN No Level No. 17016297. Descriptive
statistics were calculated (the mean and stan-
dard deviation (SD) and 95 % confidence inter-
val (CI) for quantitative variables and percen-
tages for qualitative variables).

RESULTS AND THEIR DISCUSSION

Most of the DM 1 patients (46.8 %) came to
hospital for regular checkup, while only 6.5 %
of DM 2 were hospitalized for the same rea-

son. 40 % DM 1 and 80.5 % DM 2 needed to be
hospitalized due to complaints of uncontrolled
glycaemia, hyposensation and pain of extremi-

Table 1
Characteristic of patients
Points DM type 1 DM type 2
No of patients 30 45
Mean age, years 30.21 + 10.96 50.17 + 8.84
Mean age of onset of DM, years 19.43+ 7.7 43.18 £9.21
Male: Female ratio 17:13(1,3:1) 17:28 (1:1.5)
Duration of the DM, years 11.34 + 7.76 8.33+3.7
Mean BMI, kg/m 2 23.0+£3.12 29.24 £ 6.18
Positive family history 7(23.3 %) 18 (40 %)
History of the pancreatitis 8 (27.3 %) 15 (30 %)
Table 2
Results of routine diabetic tests
Tests DM 1 DM 2
Mean HbAlc level, % 13.2+3.5 12.1+£27
Mean fasting blood glucose, mmol/l 10.8+2.4 104 +3.1
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Table 3

Positive results of the tests for determination of CAN

CARTSs DM 1 patients | DM 2 patients

1) Resting tachycardia, n (%) 6 (20 %) 10 (20 %)

2) Standing tests for orthostatic hypotension, n (%) 10 (33 %) 15 (30 %)

3) Valsalva maneuver, n (%) 9 (30 %) 16 (36 %)

4) Heart rate response to deep breathing, n (%) 6 (20 %) 8 (17.8 %)

5) Diastolic blood pressure response to sustained, n (%) handgrip 11 (37 %) 20 (44 %)

Table 4
Stages of CAN in DM patients
Stages of CAN with score DM 1 DM 2

1) No CAN (score — 0), n (%) 13 (43.3 %) 18 (40 %)

2) Early CAN (score — 1). Points 0,5-1,5, n (%) 7 (23.3 %) 8 (17.8 %)
3) Definitive CAN (score — 2). Points 2—3, n (%) 7(23.3 %) 13 (28.9 %)

4) Severe CAN (score — 3). Points > 3,5, n (%) 3 (10.0 %) 6 (13.3 %)

Table 5
Relation between duration of disease and CAN in DM patients
CAN presence CAN absence Total
DM history
DM1 DM 2 DM1 DM 2 DM1 DM 2
<10 years (11% " (25; v Gooop | 18(00%) | 11G67% | 25(56%)
> 10 years 13 (76.4 %) 15 (55.6 %) 2 (15.4 %) 0 (0 %) 15 (50 %) 15 (30 %)
Firstly 2 (11.8 %) 5 (18.5 %) 2 (15.4 %) 0 (0 %) 4 (13.3 %) 5 (11.1 %)
Total 17 27 18 30 45

ties. Near 13 % of DM 1 and 2 patients were
hospitalized firstly because of diagnoses of DM.

Standard diabetic tests showed decompen-
sation of DM in all patients (table 2).

Clinically 20 % of DM 1 and 17.8 % of DM
2 patients had palpitation, resting tachycardia,
10 % of DM 1 and 11.1 % of DM 2 patients felt
dyspnea in physical exertions, 10 % of DM 1
and 15 % of DM 2 patients had weakness, diz-
ziness, orthostatic hypotension. Clinical signs
of CVD were defined in all firstly diagnosed
DM 2 patients and in half of DM 1 patients.
After conducting of 5 examination tests for
diagnosis of CAN we analyzed next results
(see table 3).

According to the literature, the resting heart
rate is independently associated with CAN and
has a high value in predicting CAN in the ge-
neral population [13]. Development of the or-
thostatic hypotension suggests a relatively late

complication of CAN [14] and corresponds in
present study with long undiagnosed period of
that diabetic complication.

Stages of CAN were based on the CART
Score (see table 4).

Near half of all patients presented with ear-
ly and definitive CAN, while the higher preva-
lence of definitive CAN was shown in DM 2
patients. Severe CAN was confirmed more of-
ten in DM 2 patients also. According to the li-
terature, the prevalence of possible CAN and
definite CAN in patients with newly diagnosed
DM 2 has been reported to be 15.3 % and 1.8 %
[15].

We analyzed and compared correlation bet-
ween duration of DM and presence of CAN (see
table 5).

The CAN subcommittee of Toronto con-
sensus panel on diabetic neuropathy suggests
screening for CAN in asymptomatic DM 2 pa-
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Table 6
CAN and HbAlc level of DM patients
Tvoe Mean HbAlc Mean HbAlc
yp of-non CAN patients, % of CAN patients, %
DM 1 patients 11.17+ 3.18 15.26 + 2.54 *
DM 2 patients 8.23+2.21 14.87+4.34 *
Note:
* gignificant difference (p < 0,05).
Table 7
Sensory peripheral neuropathy
among CAN patients
Peripheral Peripheral
Type CAN presence neuropathy presence | neuropathy absence
DM 1, n (%) 17 (100 %) 15 (88.2 %) 2 (11.8 %)
DM 2, n (%) 27 (100 %) 19 (70.3 %) 8 (29.7 %)
Table 8
Diabetic retinopathy and CAN
. . . Diabetic retinopathy | Diabetic retinopathy
Type Diabetic retinopathy with CAN without CAN
DM 1, n (%) 12 (100 %) 9 (75 %) 3 (25 %)
DM 2, n (%) 16 (100 %) 10 (62.5 %) 5 (31.2 %)

tients at diagnosis and DM 1 patients with dis-
ease duration >5 years who are at high risk
[15]. Our study revealed that history of DM 1
and DM 2 more than 10 years strongly corre-
lated with high prevalence of CAN. However,
in cases of DM 1 patients suffering of disease
longer than 10 years had clinically diagnosed
CAN in 7 times more often than in cases of
shorter disease. Concerning to patients with
DM 2, longer history of DM characterised with
2 times prevalence of CAN only. All firstly di-
agnosed DM 2 patients presented with CAN,
while half of the same DM 1 patients had not
CAN in period of observation. Nobody of DM 2
patients with duration of disease longer than
10 years was free of CAN sings.

We analyzed and compared how the HbAlc
level of DM patients can correlate with develop-
ment of CAN (see table 6).

According to investigations, bad glycemic
control increased risk of CAN development and
stimulated its progression [16]. However, glyce-
mic control of DM 1 patients was significantly
worse than of DM 2 patients.

We analyzed correlation of sensory periphe-
ral neuropathy in DM patients with develop-
ment of CAN (see table 7).

Coexistence of CAN and sensory periphe-
ral neuropathy was higher in 1,26 times in
patients with DM 1 than in DM 2 patients.
Absence of peripheral neuropathy in diabetic
patients with CAN was in near 3 times more of-
ten in DM 2 than DM 1 patients. So, CAN pre-
dicted development of peripheral neuropathy.

We analyzed the correlation between dia-
betic retinopathy in DM patients with CAN
(see table 8).

In DM 1, risk factors of CAN include higher
levels of HbA1lc, hypertension, distal symmetri-
cal polyneuropathy, retinopathy and hypergly-
cemic exposure [17]. Our study revealed that
coexistence of diabetic retinopathy and CAN
was in 1.2 times more often in cases of DM I,
31.2% patients with DM 2 were suffering from
diabetic retinopathy without signs of CAN. 30%
of all investigated DM 1 patients and 40.1% of
DM 2 patients had combination of other diabe-
tic complications with CAN. Frequency of that
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combination strongly correlated with duration
of DM and level of glycemic control that is also
reflected in the literature [18].

Thus, the proposed set of diagnostic mea-
sures should be obviously and easily used for

the timely diagnosis of CAN in diabetic pa-
tients, especially in asymptomatic cases, and
objectively assessing the effectiveness of the
therapy.

CONCLUSIONS

Near 60 % of investigated patients with
DM type 1 and 2 were suffering from CAN.
Definitive and severe CAN were closer associa-
ted with DM 2 and can be explained by long
undiagnosed period of diabetes.

Development and progression of CAN
strongly correlated with prolongation of DM.
DM 1 history longer than 10 years associated
with CAN in 7 times more often than in short-
er disease. CAN in DM 2 patients with less
than 10 years of DM history was diagnosed in
2.2 times more often than in DM 1 patients.
All newly diagnosed DM 2 patients showed pre-
sence of CAN.

Inadequate glycemic control looks signifi-
cantly worse in DM 1 patients directly corres-

ponded to the development and progression of
CAN.

Association of the sensory peripheral neu-
ropathy and CAN was highly prevailed in DM 1
patients. Development of CAN predicted the
manifestation of peripheral neuropathy.

Combination of the diabetic retinopathy
and CAN observed more frequently in DM 1
patients. Diabetic retinopathy or CAN could de-
velop primarily, but corresponding to the his-
tory of DM this coexistence became obvious.

Careful and easy revealing of CAN by pro-
posed standard tests could help in proper diag-
noses of diabetic complications for the effective
treatment and prevention of adverse cardiovas-
cular and cerebrovascular events of DM.
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B poGori nmpesgcraBieHi pesyabTaTy IPOBEIEHO] J1arHOCTUKY Ta HOPIBHAJJIBHOIO AHAJII3Y YaCTOTH Ta 1H-
TEHCHUBHOCTI HPOSBIB Jia0eTUYHOI KapalaibHOI aBTOHOMHOI He#pormarii y xsopux Ha I[J[ 1-ro Ta 2-ro Tunis
3a JIOIIOMOT0I0 CTAHIAPTHUX JIaTHOCTUYHUX TeCTiB. BUABJIEH] MO3UTUBHI KOPEJIAIINHI 3B’SI3KU MIidk TpUBa-
JI1CTI0 XBOPOOHW Ta IIPosABAMMK aBTOHOMHOI Helpomaril y xBopux Ha L[]l 2-ro Tuily, po3BUTKOM CEHCOPHOI II0-
JiHeMpomarii, peTuHOIATII Ta aBTOHOMHOI Kap/aiajibHol Heipomarii y xBopux Ha L[]l 1-ro Tuny, npudomy e
miabeTHYHE YCKJIATHEHHS IepeayBasio KIIHIYHUM IIPosABaM IepudepuvHol Hedpomarii. 3amrpornoHOBaHU A
KOMIIJIEKC JTIarHOCTUYHUX 3aX0/I1B JIO3BOJISIE BUACHO J1aTHOCTYBATH PO3BUTOK KAP/II0BACKYJIAPHUX T1abeTUY-
HUX YCKJIQJHEHb Ta 00 €KTUBHO OLIHIOBATH €(DeKTUBHICTD IIPOBEIEHO0I Tepalrii.

KiaodyoBi cimoBa: kapaiaJbHa aBTOHOMHA HEMpPOIIATiA, I[yKPOBUH AiabeT, JiarHOCTHKA.

AVNATHOCTUKA KAPAWAJIbHOW HEAPOMATUN
Y BOJIbHbIX CAXAPHbIM AVUABETOM
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B pa6ore mpesgcraBiieHBl pe3yabTaThl IPOBEAEHHON MUATHOCTUKYA U CPABHUTEJIBHOTO aHAJIN3a 4acTo-
THl 1 UHTEHCUBHOCTY IPOSIBJICHUN AuabeTUYeCcKol KapAuaJIbHOM aBTOHOMHOM Helponatuu y 00abHBIX CJI
1-ro ¥ 2-TO THUIOB C MOMOIIHIO CTAHIAPTHHIX JUATHOCTUYECKUX TECTOB. BBISIBJIEHBI IIOJIOKUTEIBHBIE KOP-
PEeJISIIIUOHHBIE CBS3U MEIKIY IMIPOJI0JIKUTEIHHOCTHI0 OOJE3HU M IPOSBJIIEHUSIMH aBTOHOMHOM HeWpomaTuu
y 6oampHBIX CJ] 2-TO THIIA, pA3BUTHEM CEHCOPHOMN IOJUHEHPOIATHN, PETUHOIIATHY U ABTOHOMHOM KapIuajib-
HOM HetriponaTuu y 6onbpHbIX CJl 1-Tro Tuma, nmpuyeMm JgaHHOe quabeTHYeCcKoe OCJIOMKHEHUE IIPeIIecTBOBAJIO
KJIMHUYECKUM IIPOSIBJIIEHUSAM mepudeprudeckoit Heriponatuu. [IpeqokeHHBIN KOMIIJIEKC JTUATHOCTUYECKUX
MEpPOITPUSATUHN IT03BOJISIET BOBPEMS TUATHOCTUPOBATE PA3BUTHE KAPIUOBACKYISPHBIX TUA0ETHYECKUX OCIIOMK-
HEHUHN U 00'beKTUBHO OIleHUBATH 9 dHEKTUBHOCTH IIPOBOIUMOM TEPATINH.

Kiawuesbie cmoBa: kKapauaibHas aBTOHOMHAS HEHPOIATHsI, CAXapHBIN quadeT, TuarHoCTUKA.
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Cardiac autonomic neuropathy (CAN) is a very common diabetes-related complication that has a major ef-
fect on CVD, mortality and morbidity in patients with DM. Careful and timely testing of CAN with easy stan-
dard bedside tests in patients with DM 1 and 2 is critically important for early diagnoses and prophylaxes of
further CV complications.

Aim of the study was to evaluate the CAN characteristics in DM 1 versus DM 2 patients and to identify the
relationship between CAN and typical diabetic complications.

Materials and methods. A descriptive and comparative cross-sectional study was developed with 75 patients
with Diabetes Mellitus (DM 1 — 30 patients, DM 2 — 45 patients) who were hospitalized to the endocrinology
department for treatment. All patients were investigated routinely — complains, anamnestic data, objective ex-
amination, lab and instrumental examination. For defining of CAN next five classical tests were done (cardiac
autonomic reflex testing (CART)): Evaluating of the Resting tachycardia; Heart rate response to deep breath-
ing; Valsalva maneuver; Systolic blood pressure response to standing; Diastolic blood pressure response to
sustained handgrip.

Results and discussions. Absence of CAN, according to proposed score, was defined in those patients with-
out clinical features of CVD. 46.8% of all patients presented with early and definitive CAN, while the higher
prevalence of definitive CAN was diagnosed in DM 2 patients. Severe CAN was confirmed more often in DM
2 patients also. Coexistence of CAN and peripheral neuropathy was higher in patients with DM 1 than in DM
2 patients. Among DM 1 patients with CAN only 11.8% persons had not sensory peripheral neuropathy, while
29.7% DM 2 patients with CAN, were free of sensory peripheral neuropathy. Positive correlations were found
between the duration of the DM and manifestations of CAN in patients with DM II, the development of sensory
polyneuropathy, retinopathy and CAN in patients with DM I, and this diabetic complication preceded the clini-
cal manifestations of peripheral neuropathy.

Thus, the proposed set of diagnostic measures should be obviously and easily used for the timely diagnosis
of CAN in diabetic patients, especially in asymptomatic cases, and objectively assessing the effectiveness of the
therapy.

Key words: cardiac autonomic neuropathy, Diabetes Mellitus, diagnosis.
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