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A STUDY OF ELECTROCARDIOGRAPHIC CHANGES
INTYPE 2 DIABETES MELLITUS PATIENTS

Diabetes, which is known since the early I century, is an illness with a large number of types and
affected people and it has become one of the global problems. From them, type 2 diabetes, which has many
affecting factors, is one of the most common types of diabetes. The objective of our study is to determine
the sugar levels of patients with Type 2 diabetes through a non-invasive method which does not cause
infections, that is the electrocardiogram (ECG). The study lasted for two days. There were two parts of
the experiment: one was carried out on an empty stomach until 8:00 on the first day, and the second one
was done two hours after eating on the second day until 20:00. In order to compare the results the sugar
levels of 20 women and 32 men with Type 2 diabetes were determined with an electrocardiogram and a
glucometer. Data on gender, age, overweight, duration of illness, smoking habits, income, parental history
of diabetes, early cardiovascular disease (CVD) was collected accordingly. The results of the study show
that in patients with Type 2 diabetes the S, T, ST, QTc, QRS intervals of electrocardiogram (ECG) change
and sugar levels are higher in the evening than in the morning.

Key words: type 2 diabetes mellitus, electrocardiography, electrocardiosignals, non-invasive method,
cardioanalyzer.

Introduction. Diabetes is one of the widely spread diseases worldwide and among its
various types the proportion of patients with Type 2 diabetes is about 90% higher than the
number of patients with Type 1 diabetes, gestational diabetes, and other types. According
to previous statistics, the majority of patients with Type 2 diabetes were adults, particularly
men, and citizens of sedentary countries with low incomes, but nowadays adolescents and
young people are also suffering from Type 2 diabetes. According to statistical data obtained
from the Almaty department of the "Republican Electronic Health Care Center", the growth
rate of diabetes mellitus over the past 5 years is shown in Figure 1.
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In worse cases of Type 2 diabetes, there is a high chance of patients developing diseases
of the brain, kidneys, bones and joints, eyes, their nervous system, and cardiovascular
system. Patients with Type 2 diabetes must keep blood sugar levels under control constantly
to avoid complications. There is currently the invasive detection of diabetes in use which
is done by inserting a needle or laser into the finger, wrist and abdomen, but it can cause
infections and be painful for patients. The heart has a great connection to the human life
conditions, hence patients with Type 2 diabetes who often have heart problems should be
tested using an electrocardiogram, a non-invasive method.

Figure 1 — Dynamics of the prevalence of diabetes mellitus per 1000 population,
Almaty, 2019-2023 yy.

The ECG results in patients with Type 2 diabetes show that the QRS interval moves
to the left, the R indicator increases and the T indicator decreases. Cardiovascular
diseases are more common among older men and smokers; also patients' behavior affects
CVD [1]. In patients who have Type 2 diabetes for a long time, CVD is more common
and the QTc interval is longer [2]. Patients with type 2 diabetes who also suffer from
obesity, abdominal obesity, adult men and smokers develop myocardial ischemia and
the ST segment changes [3]. In patients with Type 2 diabetes, smoking, albuminuria,
hemoglobin, arterial hypertension and body weight indicators have an effect on changes
in the Q, ST, T intervals of ECG [4-14]. In the study conducted by Holter monitor on
a total of 104 patients with Type 1 and type 2 diabetes it was found that patients with
Type 2 diabetes most commonly suffer from latent myocardial ischemia and silent heart
ischemia than patients with Type 1 diabetes [5]. Another study with 237 patients with
Type 2 diabetes, the vast majority of which were male, presented the results where
the majority of patients suffer from silent heart ischemia [6]. Diabetes is the main risk
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factor for CVD mortality. In patients with Type 2 diabetes mellitus, the QT interval
increases according to the ECG result [7]. Patients with diabetes are more prone to
diabetic peripheral neuropathy [8-15]. Various ECG myocardial infarction, ischemic
disorders, left ventricular hypertrophy, atrial fibrillation are caused by Type 2 diabetes
[9]. According to the study conducted in patients with Type 2 diabetes in the Amhara
National Regional Public Hospitals of Ethiopia, ECG fluctuations were associated with
excess weight, hypertension, duration of the disease, high income, high blood sugar on
an empty stomach [10].

Taking previous research in consideration, it was found that the gender, age,
duration of pain in patients with Type 2 diabetes and the possibility of the presence of
cardiovascular diseases might influence the change in ECG, and there is an insufficient
number of studies conducted on the population of Kazakhstan. The purpose of the study
is to test Kazakhstan patients with Type 2 diabetes using ECG, taking into account
individual characteristics.

Materials and Methods. 52 people with type 2 diabetes with an average age of 55
participated in the study. The experiment was held on Almaty citizens and the data about the
patients was taken from the Almaty department of the "Republican Electronic Health Care
Center". The data collected is shown in Table 1.

Table 1 — Data about the participants with type 2 diabetes

I 11 I v A% VI Vil VIII
female 40<50 | *tn=46 | ly<5y | +n=18 +n=3 lower tn=25
n=20 n==o6 n=15 n=20
male 50 <60 -n=6 Sy <10y -n=234 n=49 average -n=27
n=32 n=27 n=24 n=26

- 60 <70 - more than - - higher -

n=19 10 years n=>6
n=18

Number (n), present (+n), absent (-n). I, gender; 11, age; III, overweight; IV, duration of illness;
V, smoking habits; VI, early CVD; VII, income; VIII, presence of type 2 diabetes in parents.

The ECG signals were registered by the PCA 83G portable cardiac analyzer made by
the former professor of Satbayev University K.A. Ozhikenov’s students which is shown on
Figure 2 [11-12].

PCA 83G is intended to carry out screening studies in order to diagnose and monitor
heart conditions. A portable cardiac analyzer can be used on an active patient to diagnose
the condition of the heart.

In a portable cardiodiagnostics system, a set of filters was used to change the relationship
between their parameters depending on the signal-interference condition in the local parts of
the filter to increase the efficiency of slowing down the interference in the electrocardiosignal
and the resistance of ECG diagnostics systems to interference [ 13]. This principle of combining
filters is called adaptive aggregation of filters (AAF). According to this principle, each local
part of the signal (electrocardiosignal or its component) is processed by a separate filter.
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To conduct this experiment, electrocardiosignals of the participants in the experiment
were taken at the research center of the Department of robotics and automation tools of
technology (Satbayev University) in Figure 3.

Figure 2 — Portable cardiac analyzer used in the experiment

Figure 3 — Participant in an experiment with an ECG with one channel electrode

To compare the ECG results in patients with type 2 diabetes mellitus, a normal sinus
rhythm was used in Figure 4, obtained from the educational and methodological complex
of the Kislovodsk Medical College.



Alimbayev CH. A., Orynbay ZH. S. A study of electrocardiographic changes in type ... 15

Figure 4 — Normal sinus rthythm

To compare the ECG results of the participants, a normal reading for adults and children
with Type 2 diabetes shown in Table 2 was used (it was recommended by the American
Diabetes Association), determining the sugar level with a traditional glucometer.

Table 2 — Normal indication for adults and children with type 2 diabetes

Time Average indicator
On an empty stomach (before the meal) 80-130 mg/dl
1-2 hours after the meal less than 180 mg/dl

Milligram/deciliter (mg/dl).

Results and Discussion. The study was conducted over two days. On the first day,
the experiment was carried out on an empty stomach until 8:00 in the morning, and on
the second day, the data was collected 2 hours after eating until 20.00 in the evening.
Unlike previous research, in this study, participants were not given a glucose solution.
Participants went through two different tests over two days. First, blood sugar levels were
measured by glucometer after taking blood from the fingers of the participants, and then

they had undergone the ECG procedure. The results of the experiment are summarized in
Table 3.
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Table 3 — The results of the experiment held in the morning on the first day and in the evening
on the second day

Participants . The morning . The evening
to the The morning lucometer The evening lucometer
. ECG results g ECG results g
experiment results results
1 2 3 4 5
S, T, QTg, ST, S, T, QTc, ST,
female QRS change 80- tgg(ym)g/dl QRSchange 180 n(13gg(01/1 )1 ower
. (18%) ° (52%) °
S, T, QTgc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
male QRS change N QRSchange o
(32%) dI(57%) (66%) (22%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
40<50 QRS change N QRSchange o
(15%) d1(87%) (45%) (43%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
11 50<60 QRS change o QRSchange o
(28%) d1(68%) (52%) (40%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
60<70 QRS change N QRSchange o
(34%) dI(57%) (58%) (39%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
+n=46 QRS change d1(55%) QRSchange (28%)
u (26%) (39%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
—n=6 QRS cglange d1(57%) QRScEange (29%)
(24%) (38%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
ly<S5yn=I5 QRS C?ange d1(25%) QRSctlange (65%)
(15%) (37%)
sy<toy | S LQIGST 1 gq 130 me | S LQTE ST, g0 odl Tower
v n=24 QR(Szgf,}a)nge d1(33%) injgl(;a‘;lge (53%)
(V] 0
more than 10 S(’Q}Tich?;}l zz 80-130 mg/ (S’R%Zﬁ’a ﬁgé 180 mg/dl lower
— V) V)
years n=18 (36%) dl(45%)S, (54%) (35%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
+n=18 RS change RSchange
Q R d1(43%) Q Rt (36%)
\Y%
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
—n=34 QRS change N QRSchange N
(25%) dI(55%) (37%) (48%)
S, T, QTc, ST, S, T, QTc, ST,
VI =3 QRS change 80—1300mg/ QRSchange 180 mg/gl lower
(44%) dl(41%) (54%) (36%)
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OxoHyaHue TadIuLBl 3

1 2 3 4 5
S, T, QTc, ST, S, T, QTc, ST,
_n=49 QRS change 80—1300mg/ QRSchange 180 mg/(oil lower
dl(47%) (46%)
(36%) (43%)
S, T, QTc, ST, S, T, QTc, ST,
lower n=20 QRS change 8%-188(3;g/ QRSchange 180 n(lfé(oi/l )1 ower
(24%) ’ (41%) ?
S, T, QTe, ST, S, T, QTc, ST,
VII | average n=26 QRS change 8%'11(23(;1)‘%/ QRSchange 180 r?i/l(oi/l )1 ower
(22%) 0 (38%) o
S, T, QTe, ST, S, T, QTc, ST,
higher n=6 QRS change 8(31_11(2(2)(;1)‘%/ QRSchange 180 n(lfé/;(g )1 ower
(23%) ° (38%) ’
S, T, QTe, ST, S, T, QTc, ST,
+n=25 QRS change 8(21_11(22;;g/ QRSchange 180 rr(13gg(3/l )1 ower
VI (27%) ’ (42%) 0
S, T, QTe, ST, S, T, QTc, ST,
—n=27 QRS change 8%—1}2?;?/ QRSchange 180 r?fg )1 ower
(24%) ’ (40%) ’

I, gender; 11, age; 111, overweight; IV, duration of illness; V, smoking habits; VI, early CVD; VII,
income; VIII, presence of type 2 diabetes in parents.

According to the results obtained in the morning, the change in ECG intervals was
higher in men compared to women by 14% (1), in participants aged 60<70 years by 19%, by
6% (I1I) compared to those aged 40<50, 60<70 years, by 2% (III) in overweight participants,
by 21% for patients who are ill for more than 10 years compared to 8% (IV) of those who
are ill for 1 year < 5 years, 5 years < 10 years, by 13% for smokers compared to non-
smokers (V), in patients with early CVD by 8% (VI) compared to patients without CVD, by
2%, 1% for low-income compared to middle-income and high-income patients (VII), and
by 3% in patients whose parents had Type 2 diabetes (VIII). And, according to the evening
results, the change in ECG intervals in men compared to women was higher by 14% (1), in
participants aged 60<70 years 13%, by 6% (I1I) compared to those aged 40<50, 60<70 years
13%, 6% (III) in overweight participants, for patients who are ill for more than 10 years by
17%, 12% (IV) compared to those who have had the disease for 1 year <5 years, 5 years <
10 years, by 14% for smokers compared to non-smokers (V), patients with early CVD by
11% (VI) compared to patients without CVD, by 3% (VII) for low- income compared to
middle-income and high-income people, and by 2% for people whose parents also suffered
from Type 2 diabetes (VIII).

Conclusion. In conclusion, the research results show that the S, T, QTc, ST, QRS
intervals in ECG changed more for male rather than female patients, adults over sixty years
of age, smokers, and participants with early CVDs. Although, the participants' income,
weight gain, and presence of diabetes in their parents did not have a significant impact on
changes in ECG intervals, we assume that these factors might have more influence on the
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occurrence of diabetes in patients. In the future we plan to do research to determine whether
physical activity of the body, the types of temperament, and mental state affects the rise in
blood sugar levels and the occurrence of CVD.
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2 TUIITI KAHT IMABETIMEH AYBIPATbBIH HAYKACTAPIAFBI
SJIEKTPOKAPIUOTI' PAOUSAJIBIK O3T'EPICTEPAI
3EPTTEY

Kanum ouabemi epme I eacvipoan bepi beneini, mypnepi scone ayblpamvlHOAp CaHbl KON HCAhAHObIK
Mmacenenepdiy Oipine atinanzan aypy. An 2 munmi kanm ouabemi kenmezeH Paxmopiapovly acepiHeH
natida 6onamolx, Kawm ouabeminiy KeHinen mapanzan 6ip mypi. biz0iy 3epmmeyoiy JHcanrnvl MaKcamsl
2 munmi Kaum ouabemi 6ap HAYKACMapowbly Kanm OeHeelin UHGheKyus myobipMaimsit, UHEA3UEMI eMec
20ic anekmpoxapouoepamma (OKT) apkwiiet anvixmay. 3epmmey exi KyHee co3vliobl. Bipinuii KyHi manavl
8:00-2e Oetlin aw KapviHea, an eKiHwii KyHi MamakmaHeaHHaH Ketlin exi cazamman coy kewki 20:00-ee
Oellin sKcnepumenm KHcypeizinoi. 3epmmeyoe 2 munmi kanm ouabemi 6ap 20 atien scane 32 ep adammwly
Kanm Oeneelli 971eKmpoKapouoeSpamMmamen JHcone Hamuicenepoi caivlCmulpy MaKkcamovlHoa 2noKomem-
PpMeH anbikmanovl. 2 munmi Kaum ouabemi 0ap HAyKacmapOobly JHCbIHBICHI, JHCACHL, APMBIK CATMAZbIHbIY
00nybl, ayblpy Y3aKmuigvl, memeKi wezy aoemi, mabvic monuepi, kaum ouabeminiy (K/{) ama-nacvinoa
oonyvl, epme dcypex-Kan mamvipaap aypyrapvinoiy (KKA) bonyer mypanvt depexmep Kamap aibiHObL.
3epmmey namuoceci 6ovivinwa 2 munmi Kawm ouabemimen ayvipamoin Haykacmapoa K -noiy S, T, ST,
QTe, QRS apanvikmapel 632epicke YublpaimviHbl JHCIOHE MAKbL YAKBIMKA KAPALAHOA KWK YaKblmma
KaHm OeHeelliniy Moauepi #o2apulpax 601amviHbl AHbIKMALOb.

Tyiiin co3dep: 2 munmi Kanm ouabemi, 21eKMpoOKApoUopadus, 1eKmpoKapoOUOCUSHal, UHBAZUGMNT
emec 20ic, KapouoOaHanu3amop.
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HCCJEJIOBAHUE JIEKTPOKAPIUOT PAOMYECKUX N3SMEHEHUIA
Y BOJIbHBIX CAXAPHBIM IMABETOM 2 THUIIA

Jluabem, komopwiil usgecmen ¢ navaia I 6exa, s6aemcs 601e3HbIO ¢ OOTLUUM KOTULECTNEOM MUNOE
U nopasicarowux aroetl, U OH cmai OOHOU U3 2100a1bHbIX npobrem. M3 Hux ouabem 2 muna, Komopulii
uMeem MHOANCECME0 GIUSIOUUX (DAKMOPOS, A6I5emcs 0OHUM U3 Hauboiee PAcnpPOCMPAHEHHBIX MUNOG
ouabema. Llenvio naue2o uccie008anus A6iAemMcs onpedeienue YpoGHa caxapa y nayuenmos ¢ caxap-
HblM Quabemom 2 muna ¢ nOMOWbl0 HEUHBAZUBHO2O Memodd, KOMOpPblll He 6bl3bl8aen UHGeKYull, mo
ecmb snekmpoxapouocpammol (OKT). Hccnedosanue Onunocy 08a OHs. DKChepumenm coCmosiii U3 08yxX
yacmetl: 00Ha nposoounace Hamowax 00 8:00 6 nepasvlil Oenb, a 6mopasi - uepes 08a Yaca nocie edvl Ha
emopotl denv 00 20:00. Ymobwi cpasHums pezynvmamol, ypogeus caxapa y 20 dceHuyut u 32 Myxscuun ¢
caxapnvim ouabemom 2 muna Obli onpedenen ¢ NOMOWbIO 2AeKMpoKapouoepammsl u eniokomempa. Co-
omeemcmsyowum oopasom oOviiu coopanvl danuvle 0 noie, go3pacme, U3ObIMOYHOM Gece, NPOOOIICU-
menbHoCmuU 60NIE3HU, NPUBBIYKAX K KYPEHUIO, 00X00aX, duabeme 8 aHamMHe3e pOOUmenetl, PAHHUX Cmaousix
cepoeuno-cocyoucmuix 3abonesanuti (CC3). Pesyiomamsi uccied08anis NOKA3bIBAON, Ymo y Nayuenmos
¢ caxapuvim ouabemom 2 muna usmensiromes unmepeanwl S, T, ST, QTc, ORS na anexmporapouoecpamme
(OKT), a yposenwv caxapa geuepom vluue, yem Ympom.

Knrouesvie cnosa: caxapuviii ouabem 2 muna, 31eKmporapouocpapusi, 31eKmpokapouoCUSHal, He-
UHBA3UBHDLIL MEMOO, KapOUOAHATUZATOP.



