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MODULATION OF HEART RATE VARIABILITY IN PATIENTS WITH TYPE 2
DIABETES MELLITUS ASSOCIATED WITH CAROTID ATHEROSCLEROSIS

Sadomov A.S., Nasonenko O.V.
Zaporizhzhia State Medical University

Heart rate variability (HRV) is a proven predictor of cardiovascular events in the general population, and especially in
patients with type 2 diabetes mellitus (T2DM). Early detection of autonomic dysfunction in T2DM can help to detect the
developing atherosclerosis in earlier stages to prevent unfavorable outcomes. This study evaluates the impact of T2DM

associated with carotid atherosclerosis on HRV parameters.
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Heart rate variability (HRV) is definitely
one of main proven predictors of
cardiovascular mortality.

HRYV is a noninvasive tool to assess autonomic
function. The Atherosclerosis Risk in Communities
study has shown reduced HRV as an independent
factor of increased value of cardiovascular events,
especially of coronary artery disease [2; 3]. It is known
that the dysregulation of the autonomic function
is associated with increased risk of cardiac death
in patients with diabetes and hypertension, as well
as with poor prognosis of cardiovascular events [1].
Type 2 diabetes mellitus is associated with a higher
risk of atherosclerosis that is known as a sensitive
marker of cardiac morbidity and mortality. Due to
limitations Framingham Risk Score because of low
sensitivity and specificity additional markers, such
as HRV changes, may be useful in prevention and
early diagnosis of cardiovascular (CV) complications
in general population.

The objective was to assess changes of HRV
parameters depending on presence or absence of
stenotic lesions of brachiocephalic arteries in patients
with diabetes mellitus type 2 (T2DM).

Materials and methods. 43 patients with T2DM
and 15 non-diabetic healthy control subjects were
involved into this study. All participants were
matched for sex and age (32 men and 26 women, mean
age 53%*6,3 years). Subjects with previous history
of CV events, such as the myocardial infarction or
stroke, were excluded. All included participants were
subjected to color duplex scanning of brachiocephalic
arteries with measurement of carotid intima-media
thickness (CIMT). HRV assessment was performed
for all subjects according to the guidelines of the
Task Force for Pacing and Electrophysiology [3].

Patients thus followed the usual daily regimen. The
duration of monitoring was 24 hours. Calculation of
heart rate variability was performed considering of
successive R-R intervals of sinus origin for duration
of 300 s with a pitch of 1 min and calculation of
standard time parameters in day and night periods.
Spectral analysis was performed using the method
of fast Fourier transformation with calculation of
power spectral density in the following frequency
bands: very low frequency (VLF) — 0,0033-0,04 Hz,
low frequency (LF) — 0,04-0,15 Hz, high frequency
(HF) - 0,15-0,4 Hz Total power spectrum (TS)
and the ratio of low-to high-frequency component
(LF / HF), the value of low-power and high-frequency
components of the spectrum, expressed in normalized
units (LFnorm%, HFnorm%) were also calculated.
Indicators were measured automatically every five
minutes of recording. Five-minute intervals, which
included non-stationary processes, artifacts and
frequent premature ventricular beats were excluded
from the calculation by direct analysis of the record.
We analyzed the records of length not less than 18
hours, which included overnight. To investigate the
circadian fluctuations in HRV all studied parameters
were calculated in active (from 7:00 AM to 10:00 pm)
and passive (from 12:00 PM to 6:00 AM) periods of
the day. Circadian index was also calculated for all
records. It was performed also laboratory testing,
that included the measurement of fasting plasma
glucose (FPG), total cholesterol, triglycerides, low-
density lipoprotein (LDL), high-density lipoprotein
(HDL). All patients were fasted more than 10 hours
before drawing of blood samples.

Results. Table 1 summarizes the general
characteristics of study groups. Mean duration of
T2DM was 6,4+3,7 years for diabetic group. Systolic

Table 1

General characteristic of study groups
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Participants with T2DM, n=43 Non-diabetic subjects, n=15
Mean value=+standart deviation | Mean value+standart deviation
Age 54+5,2 51+6,3
Sex: male% 56 53
T2DM duration 6,4+3,7 -
FPG, mmol/1 8,8+3,6 42+1,9
Total cholesterol, mmol/1 5,3+2,8 4,3+0,9
LDL cholesterol, mmol/1 4,8+0,7 3,3*0,8
HDL cholesterol, mmol/1 1,1+0,2 1,5+0,4
CIMT, mm: left/right 0,77+0,06,/0,76=+0,07 1,18+0,05* /1,07+0,04*
Total cases of carotid stenotic lesions 28 0
The average olumetric low vaoriy of the

Note: * — p<0,05 compared to control group
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blood pressure was significantly higher in patients with
longer history of T2DM and had a direct association
with state of compensation T2DM. The FPG, LDL,
total cholesterol levels were significantly higher in
diabetic group compared to non-diabetic subjects
(p<0,05). By ultrasound dopplerography in 65,1% of
patients with T2DM were found early signs of non-
stenotic carotid atherosclerosis and stenotic carotid
lesions, while the control group had any evidence
of atherosclerosis of brachiocephalic arteries (BCA).
In 13% of stenosis cases observed bilateral lesions of
BCA. Structural vascular atherosclerotic pathology in
subject from control group was not found in 100%
cases, all arteries remained intact. The development
of atherosclerosis is closely linked to the activation of
compensatory-adaptive mechanisms of redistribution
of blood flow, which manifests as the formation of
hyperkinetic haemodynamics variant with decreased
volumetric blood flow velocity in all basins.

Table 2 shows the HRV parameters measured
in participants of both groups. Analysis of HRV
showed a significant reduction of average time
values of HRV in patients with T2DM compared
with those of healthy people. These changes are
particularly clear for SDNN. It is equivalent by
the physiological meaning to the TP, pNN50 and
RMSSD, that in turn is a reflection of rapid high-
frequency oscillations. According to the results it can
be concluded dysfunction of autonomic control of
heart rate in patients of both T2DM studied groups.
More expressed reduction of total power of spectrum
proved for patients with carotid atherosclerosis.
Significant reduction of spectral power in HF band
(expressed in normalized units) and in total power
was also observed in T2DM participants relative to
controls. It was found the high correlation between
HF part of spectrum and total power in diabetic
patients. Physiological fluctuations in TP, SDNN per
day were seen in the control group by the analysis
of circadian changes, and it was a logical increase
of these at night. Improving of performance rMSSD,
pNN50, HF with a decrease in LF / HF ratio seems
as a display of dominance regulatory vagal activity,
whereas active period of the observed increase in LF,
LF%, LF / HF resulting of sympathetic hyperactivity.

The correlative analyses show that CIMT correlates
with decreasing of time-domain and frequency-domain
of spectrum. The most expressed reduction is observed
for TP and SDNN and also relates to a violation of
circadian activity of the autonomic nervous system.
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Fig. 1. Changes in the total spectral power
in the study groups according to the presence or
absence of atherosclerotic carotid arteries
Note: * — p<0,05 compared to control group
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Fig. 2. Correlation between HRV parameters
and CIMT in diabetic subjects

Discussion. The autonomic nervous system is often
imbalanced in patients with type 2 diabetes mellitus
and this neuropathy may be clinically unapparent.
Heart rate variability is reduced in T2DM subjects,
suggesting as a part of cardiac autonomic neuropathy
as the complication of T2DM. The dysfunction of
sympathetic branch of heart's autonomic regulation
has been associated with increased risk for CV events
and cardiac mortality. The significance findings is
that HRV reduction in diabetics was present since
the early stages of diabetes even before clinical
atherosclerotic  cardiovascular disease became
evident. So, it is necessary to screen for autonomic
neuropathy as early as possible in T2DM to identify
and prevent the development of serious CV events.

Significantly reduced HRV in diabetic patients
have been shown previously in many multicenter
randomized studies [1; 5; 6]. The results showed
lower SDNN, HF and LF part in T2DM opposed to
non-diabetic subjects. A reduction in time-domain
parameters of heart rate variability seems not only to

Table 2

HRYV parameters in study groups

Participants with T2DM, n=43

Mean value+standart deviation

With carotid
atherosclerosis, n=28

Without carotid
atherosclerosis, n=15

Non-diabetic subjects, n=15
Mean value=*standart deviation

TP, ms? 1876,85+72,8* 2358,92+116,27* 3778,52 229,32
SDNN, ms 131,16+6,51* 145,16+11,21* 155,15+21,84
RMSSD, ms 34,45+1,95 34,06+1,52 33,3+2,66
pNN50,% 14,6+0,95 12,48+1,44 12,87+1,90
LFnorm,% 43,16+2,0* 67,12+8,66* 29,9+2 21
HFnorm,% 20,27+0,92 27,17+2,85 18,98+1,42
LF/HF, standard units 2,12+0,05 2,83+0,13* 1,58+0,05
VLF, ms? 725,93+12,56 1053,71%+69,3 867,25+32,43
LF, ms? 495,63+7,63* 995,06+21,22 868,9+20,13
HF, ms? 232,93+7,51* 351,11+16,01 550,3+22,5
IC, standard units 2,61+0,14 5,84+0,36* 2,36+0,08
Heart rate, beats per min. 71,9+4,71 72+4,69 65,6+2,97

Note: * — p<0,05 compared to control group
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carry negative prognostic value but also to precede
the clinical expression of autonomic neuropathy.

In addition, it was found the positive correlation
between CIMT and value of HRV reduction for group
with T2DM (picture 2). The maximal correlation was
reported between CIMT and TP. Changing the TP
and SDNN parameters shows strong reverse negative
correlation with remodeling brachiocephalic vessels,
which indicates an insufficient functional state of the
autonomic control of heart rate. Except decreasing
of frequency-domain parameters observed the
violation of circadian activity and reduction of time-
domain data according to both groups with T2DM.
But circadian rhythm of HRV in patient with
atherosclerosis characterized by further reducing

in active and passive hours. A low LF HRV may
predict the progression of atherosclerosis in diabetic
patients [7].

Conclusion. The reduction of HRV and its time-
domain and frequency-domain parameters should be
monitored even in early stage from the onset of T2DM,
even if there are no symptoms of atherosclerotic
lesions of carotid arteries, as a part of diagnostic the
cardiac autonomic neuropathy. On the other hand,
the concomitant history of carotid atherosclerosis is
one more important factor of HRV reducing. This
is considerable reason to perform 24-hour ECG
recording for baseline evaluation in all patients with
diabetes, along with ultrasound examination. The
reasons are obvious, as is well known that lower HRV
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of sympathetic and parasympathetic influences is associated with increased cardiovascular risk.
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Capomon A.C., Haconenro O.B.
3anopi3bKUil JepyKaBHUII MeqUYIHNI yHIBepCUTET

MOAYJIAALIA BAPIABEJIBHOCTI CEPIIEBOI'O PUTMY
Y XBOPUX HA IIYKPOBUI JIABET 2 THUILY,
ACOIIITIOBAHUMN 13 KAPOTUJIHIUM ATEPOCKJIEPO30M

Anoranis

BapiabesbricTs cepresoro putmy (BCP) € noBemernM npeamukTopoM ceplieBo-CyAMHHNX IIOAIN AK y 3araJjibHiil MOITyJIALil,
Tak, 30KpeMa, i y manieHTiB 3 nykpoBum aiabetom 2 tumy (I1J] 2 tuny). PanHe BuABJIeHHA BeretaTUBHOI AucQyHKIHL y
xBopux Ha IIJ] 2 Tumy Moske CHPMATY NIaTHOCTHUIII aTepPOCKJIEpPO3y Ha PaHHIX CTAaMiAX A HNPOMIiIaKTUKM HECIPUATIN-
BUX pe3yJbTaTiB Hajasi. ¥ MaHOMY AOCJiKeHHI oifiHeThesa BrmB 1[J[ 2 Tumy, noB'si3aHOrO 3 aTEPOCKJIEPO30M COHHUX
aprepiit, Ha 3MiHy nokasHukis BCP.

KaiouoBi cioBa: 1iykpoBuii giabeT 2 TUILy, aT€POCKJIEPO3 COHHMUX apTepiil, BapiaOesbHICTL CEPIEBOTO PUTMY, CEPIEeBO-
CYAVHHI oAii, TOBIIMHA IHTMMa-MeJia COHHUX apTepiil

Canomos A.C., Haconenko A.B.
3aIopoKCKNI TOCYIapCTBEHHbBI MEAUIMHCKUI YHUBEPCUTET

MOAYJAALINA BAPMABEJIBHOCTHN CEPJAEYHOT'O PUTMA
Y BOJbHBIX CAXAPHBIM AMABETOM 2 THUIIA,
ACCOIMMNPOBAHHBIM C RAPOTUIHBIM ATEPOCRJIEPO30OM

AHHOTAIIUA

BapuabenbHocTs cepneunoro purma (BCP) ABsisderca noka3aHHBIM IIPEIVIKTOPOM CEPIEYHO-COCYAMCTBIX COOBITMII KaK B
00I11e71 MOMyJIALNM, TaK, B YACTHOCTY, U Yy [AIMEeHTOB ¢ caxapHbIM anaberom 2 tuna (CII 2 tuna). PanHee BblsABIEHME Be-
reTaTUBHOV AucyHKIyM y 60apHbIX CII 2 Tuma MOMKeT CIIOCOOCTBOBATH AMATHOCTMKE aTePOCKJIepo3a Ha PAHHUX CTAIUAX
UL IPOPUIIAKTUKY HeOJIArONPUATHBIX MCXOIOB B JaJjbHelineM. B manHOM mcciemoBauum oreHmuBaercs BiusHue CJI 2
TUIIA, aCCOUMMPOBAHHOIO C aTEPOCKJIEPO30M COHHBIX apTepuii, Ha n3MeHeHue nokasartesneit BCP.

KumioueBble ciioBa: caxapHblil quabeT 2 Tuia, aTepocKJIepo3 COHHBIX apTepuii, BapuabesbHOCTb CEPAEeYHOr0 PUTMa, Cep-
JIEYHO-COCYAMCThIE COOBITIMA, TOJIIMHA KOMILJIEKCA MHTUMAa-Mea COHHBIX apTepuil.
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