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Abstract. Method for conducting a non-invasive screening of the population for carbohydrate metabolism
disorders (CMD) has been developed and described. The novelty of the method is that there are no medical
standards in the field of endocrinology for the non-invasive type of screening, so the method was based on the
results of a clinical study of electrocardiographic abnormalities in patients with CMD, where the method of
non-invasive determination of CMD by first-lead ECG was used. During the development of the method, an
additional analysis of the ECG sample obtained during the study was performed. As a result of the analysis, it
was concluded that the effectiveness of the method (sensitivity and specificity) vary slightly depending on the
time of taking an ECG during the day. This means that the patient can come to the screening using the new
method of non-invasive detection of CMD not only in the morning and not necessarily on an empty stomach,
in contrast to the invasive methods (fasting plasma glucose test and oral glucose tolerance test). To make a
decision «there is a suspicion of CMD /there is no suspicion of CMD», the patient only needs to take up to 2
ECGs.

Keywords: first-lead ECG; type 2 diabetes (T2DM); carbohydrate metabolism disorders (CMD)

For citation: Berezin A.A., Novikov R.S., Novopashin M.A., Pozin B.A., Shmid A.V. Application of a new
method of noninvasive assessment of carbohydrate metabolism disorders in the population screening. Trudy
ISP RAN/Proc. ISP RAS, vol. 32, issue 5, 2020, pp. 121-130. DOI: 10.15514/ISPRAS-2020-32(5)-9.

121

Berezin A.A., Novikov R.S., Novopashin M.A., Pozin B.A., Shmid A.V. Application of a new method of noninvasive assessment of
carbohydrate metabolism disorders in the population screening. Trudy ISP RAN/Proc. ISP RAS, vol. 32, issue 5, 2020, pp. 121-130

anMeHeHMe MeToAa HEMHBA3NBHOIO oUueHnBaHusA HapymeHMﬁ
yrneBogHoro o6meHa npu CKPUHUHre HaceneHus

' A.A. Bepesun, <artparis@mail.ru>
12 p C. Hosuxos, ORCID: 0000-0002-0656-3475 <rsnovikov@hse.ru>
' M.A. Hosonawun, ORCID: 0000-0002-8919-4002 <mnovopashin@ec-leasing.ru>
12 B.4. Hosun, ORCID: 0000-0002-0012-2230 <bpozin@ec-leasing.ru>
12 4.B. IImuo, ORCID: 0000-0002-4672-1458 <avshmid@yandex.ru>

1340 «EC-nuzuney,
Poccus, 117587, 2copoo Mocksa, Bapwasckoe wiocce, 0. 125, cmp. 1
2 Hayuonanvhwlil ucciedoeamenvckutl ynusepcumen «Bvicuias wixona sxonomuxuy,
Poccus, 101000, 2. Mocksa, yr. Machuykas, 0. 20

Annoranusi. PaspaboTaHa M omucaHa METOJHKAa NPOBECHMS HEMHBA3MBHOTO CKPHHHMHIA HACEJIEHUs Ha
Hapymenue yriaeBoguoro oomena (HYO). HoBusHa MeToquKy 3aKiII04aeTcst B TOM, YTO 110 HEUHBA3UBHOMY
THIIy CKPUHHUHTA €Ie HE CYIIECTBYeT MEAMIHHCKUX CTaHIAPTOB B OOJNACTU JHIOKPHHOJOTHH, MOITOMY
METOJMKA COCTAaBIsIACh HAa OCHOBE pPE3yNbTaTOB KIMHHYECKOTO HCCIENOBAHMSA 10  H3Y4YCHHUIO
9IIEKTPOKapANOrpadHIEeCKUX OTKIOHeHHH y 60ombHBIX ¢ HYO, rae mcmonp3oBancst METOA HEHMHBA3HBHOTO
onpeneneauss HYO mo OKI' mepBoro orBenenus. Bo Bpems pa3paboTKM METOAMKH OBUI IIPOBEICH
JIONOJTHUTENBHBINA aHaau3 BbIOOpku DKI, monydeHHoil B Xoe cciieioBanus. B pesynbrare aHanu3a caeaaHbl
BBIBOJIBL, YTO HOKa3aTeIn 3 (pEKTUBHOCTH METOAA (1yBCTBHTEIHHOCTD ¥ CHEIU(PUIHOCTE) CI1a00 H3MEHSIOTCS
B 3aBHCHMOCTU OT BpeMeHU cbeMa DKI' B TeueHne CyTOK. DTO 03HAYAeT, YTO MAIMEHT MOXKET SIBUTHCS HA
CKPHHHHT [10 METOAUKE HeHMHBa3HBHOro onpenenenus HYO He TOIbKO yIpoM U He 00s3aTeNIbHO HATOIIAK, B
OTJIHYHE OT HHBA3HBHBIX METOAUK (TECT ITIOKO3BI IIa3Mbl HATOIIAK M MEPOPAIBHBIA TECT TOIEPAHTHOCTH K
rIioKo3e). Jmst mpHHATHS pelleHHst «ecTh nojpospenue Ha HYOw/«uer momospenus Ha HYO» namuenty
J0CTATOYHO CHATH 10 2 DKIT.

Kmouessie ciioBa: DKI' nepBoro oTBeseHus; caxapHslil quader 2 tuna

Jns nuruposanusi: bepesun A.A., Hosukos P.C., Hoonmammu M.A., ITo3un b.A., lImug A.B. [Ipumenenue
METO/Ia HeMHBA3MBHOTO OLCHMBAHUS HAPYIICHUH yrieBOJHOrO OOMEHA NPU CKPUHUHIE HAaceJdeHHs. Tpyabl
HCII PAH, tom 32, Bbim. 5, 2020 r., ctp. 121-130 (Ha anrmmiickoMm si3bike). DOI: 10.15514/ISPRAS-2020—
32(5)-9

1. Introduction

Diabetes mellitus (DM) is a disease that is constantly spreading throughout Russia and the whole
world [3,4]. According to the 2016 NATION study [5]: «Approximately one in five adult Russians
had pre-diabetes, 5.4% had T2DM and about half of the diabetic subjects were previously
undiagnosed». Type 2 diabetes mellitus (T2DM) is the main disease associated with disordered
carbohydrate metabolism (CMD).

The process of developing T2DM is quite long and unnoticeable for the patient. The early stage of
carbohydrate metabolism disorders on the average lasts from 5 to 10 years [6]. As a rule, the patient
evaluates his condition for the presence of CMD too late, for example, when he has been suffering
from T2DM for a long time. For an early detection of CMD, a periodic screening of the population
at risk is carried out. Methods that can be used for screening should include those that meet the
following requirements:

e casy to perform;
e security;
e standardization;
e Jow cost;

e reliability
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The medical recommendations [2, 7] indicate that an oral glucose tolerance test (OGTT) with 75 g
of glucose, a fasting plasma glucose (FPG) test, or a blood test for glycated hemoglobin should be
used as a screening test. The disadvantages of these tests include the following:

e invasiveness — in order to obtain blood that measures the level of glucose or glycated
hemoglobin, the patient needs to have his skin pierced;

e high cost-these tests require consumables materials (disposable needles, for OGTT -
containers with 75 g of glucose, etc.), and it is also necessary to pay for the work of
laboratories to analyze the collected blood samples;

e complexity of implementation — the test requires qualified medical personnel and specialized
equipment. This means that in practice, these tests can only be taken in city clinics, hospitals
and medical laboratories, since there are usually no properly qualified personnel and/or the
necessary reagents and equipment for blood analysis in paramedic-midwifery centers (PMC).
Therefore, the rural population will have to go to the nearest city medical facility to undergo a
full-fledged CMD screening. In addition, to obtain reliable results of OGTT with 75 g of
glucose and the FPG test, the patient must come to the screening in the morning and on an
empty stomach.

Now, Russia does not yet have medical standards and recommendations for a non-invasive CMD

screening, which could compensate for the shortcomings described above.

The paper [1] describes a research devoted to the study of electrocardiographic abnormalities in

patients with CMD, conducted under the supervision of A.M. Mkrtumyan, MD.

The study obtained and analyzed a sample consisting of:

e 1997 first-lead ECGs taken from 127 patients with T2DM;

e 741 first-lead ECGs taken from 59 patients without T2DM.

All ECGs were taken in hospitals setting in two medical institutions: Moscow City Clinical Hospital
52 and The Loginov Moscow Clinical Scientific Center.

ECGs were taken using a portable CardioQVARK electrocardiograph [8] (registration certificate no.
2019/8124 dated February 15, 2019), then analyzed for the presence of a cardio sign of CMD with
the help of an expert decision support system for taking decision by an endocrinologist developed
by the company «EC-leasing» (ES DM), using the method of determining CMD described in the
patent [9,10]. According to the results of the study, the sensitivity of the method for one ECG was
70%, and the specificity was 86%.

2. Setting up the problem

The aim of this research work was to develop a method for conducting a non-invasive screening of
the population for the CMD based on data and results obtained in the course of a clinical study [1].

To achieve this goal, one must complete the following tasks:

e analyze the data to determine what time of the day the patient should be screened using a non-
invasive method, and whether it should be performed on an empty stomach;

e develop a process for conducting a non-invasive CMD screening;

e compare the method of non-invasive detecting of CMD by OGTT with 75 g of glucose, a FPG
test and a blood test for glycated hemoglobin according to the criteria for meeting the
screening requirements.

3. Preliminary analysis of the sample

Before developing a screening method, it was necessary to determine at what time of the day the
patient should take an ECG, and whether it should be done on an empty stomach, so that the
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reliability of the method of non-invasive determination of the CMD does not suffer. To do this, we
will perform an additional statistical analysis on the ECG sample obtained during the study [1].

Let us clarify the requirements for the time of screening. For that purpose, we will calculate the
sensitivity and specificity of the method of non-invasive determination of the CMD for different
times of taking the ECG during a day. In accordance with the study protocol [1], the patients with
CMD had an ECG taken:

e before breakfast on an empty stomach;
e 2 hours after breakfast;

e Dbefore dinner;

e 2 hours after lunch;

e before dinner;

e 2 hours after dinner.

Table 1. Comparison of sensitivity and specificity of the method of noninvasive assessment of the cmd
depending on the time of taking the ECG

Time of ECG taking

relative to food intake

Sensitivity (1 ECG each)

Specificity (1 ECG each)

Before breakfast on an
empty stomach

70% (246 out of 353 ECGs
taken by patients with T2DM
had a cardiosign of CMD)

88% (190 out of 216 ECGs taken
by patients without T2DM did not
show a cardiosign of CMD)

2 hours after breakfast

73% (248 out of 341 ECGs
taken by patients with T2DM
had a cardiosign of CMD)

91% (189 out of 207 ECGS taken
by patients without T2DM did not
show a cardiosign of CMD)

Before lunch

74% (253 out of 340 ECGs
taken by patients with T2DM
had a cardiosign of CMD)

89% (159 of 178 ECGs taken by
patients without T2DM did not
show a cardiosign of CMD)

2 hours after lunch

75% (155 out of 206 ECGs
taken by patients with T2DM
had a cardiosign of CMD)

83% (64 out of 77 ECG taken by
patients without T2DM, did not
show a cardiosign of CMD)

Before dinner

80% (336 out of 421 ECGs
taken by patients with T2DM
had a cardiosign of CMD)

84% (21 out of 25 ECGs taken by
patients without T2DM did not
show a cardiosign of CMD)

2 hours after dinner

83% (280 of 336 of the ECG

taken by the patients with DM2,

had a cardiosign of CMD)

87% (33 out of 38 ECGs taken by
patients without DM2 did not show
a cardiosign of CMD)

Table 1 shows the results of calculations of the sensitivity and specificity of the method of
noninvasive determination of CMD by ECG taken at different times of the day. One can see that the
sensitivity for different times of taking the ECG per day varied the sensitivity in the range of 76+6%,

and the specificity — in the range of 87+4%. This in turn means the following:

o for the patient, it does not matter what time to come for a non-invasive screening. He can
appear in the morning or in the afternoon;

e the patient does not have to come for a non-invasive screening on an empty stomach.

Next, we will calculate the maximum number of required repeated ECG readings per patient, so that
each subsequent measurement can improve the accuracy of the screening result («the patient has a
suspicion of CMDy/ «No suspicion of CMD»y).

To do this, the first 3 ECGs taken by each patient with and without T2DM were taken from the
sample (a total of 558 ECGs), then a decision tree was compiled using IBM SPSS Statistics software.
The dependent variable of the tree is the sign «there is a suspicion of CMD in the patient» / «there
is no suspicion of CMDp, independent:
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e amanifestation of a cardiosign of CMD on the first ECG of the patient («Yes/no»);
e amanifestation of a cardiosign of CMD on the second ECG of the patient («Yes/no»);

e amanifestation of a cardiosign of CMD on the third ECG of the patient («Yes/no»).
The result of building the tree is shown in fig. 1.

I:l - The patent is highly likely fo hawe £MD l:l - The patient with a high probability does not have CMD
o the patient to the ECG taking Selection: )
2 o foMD - 127 Patients with T2DM;
I Cardiosign of CMD was b - 59 «Healthys patients.
! wes not deteced on the
E detecizd on the first ECG first ECG The first threee ECGs taken
= were taken
£ The probabifty he1the The probabiitythat the
= patient has GMD is 32% patient doss nat have CMD
(85 out of 7 is 57% (51 outof8g)
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i} . =y Cardics ign of CMD Cardics ign of CMD G erdice ign of CMD
| LRiehlidnd wasnotdatededonthe  wascstedtedanthe Wk Bd ey s
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Fig. 1. The tree of taking decision whether the patient has CMD
The decision on the presence or absence of a CMD at each stage was made based on the probability
of which option is higher. If at the next stage, the decision was made regardless of whether the
cardiosign of the CMD is shown on the ECG or not, the stage was considered meaningless (in Figure
1, highlighted in gray). In total, to achieve maximum accuracy of the screening result, it is sufficient
to take no more than 2 ECGs.

4. Description of the screening process

According to the method of non-invasive determination of CMD, screening is divided into 3 stages:
ECG taking, ECG processing, and decision-making on the patient.

The ECG is taken where the patient is located. This means that the patient can be screened both in
city clinics, in the PMC, or even at home. The main thing is that there should be a portable
electrocardiograph on the spot that can transmit the taken ECG over the Internet for further
processing.

The ECG processing was performed automatically in a separate computer center using the method
of non-invasive detection of CMD. The results of processing the ECG and the value of cardio sign
CMD are sent to the endocrinologist.

The decision on the patient «there is a suspicion of CMD/There is no suspicion of CMD» is made
by an endocrinologist based on the results of ECG processing using a computer.
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There are no requirements for the availability of medical laboratories at any stage of screening using
this method, in contrast to invasive methods, where specialized equipment and laboratory conditions
are required for the analysis of collected blood samples. The requirements for the number of
qualified medical personnel involved have also been reduced:

e at the stage of taking the ECG, the presence of a medical professional is optional,;

e itis only necessary to explain to the patient how to use a portable electrocardiograph, and track
the correctness of the ECG taking process. If the patient has such an electrocardiograph with
him, and he knows how to use it, then a medical personal is not required at the stage of taking
the ECG;

e during the processing phase of the ECG no medical personal or laboratory is required;

e a qualified doctor is only needed at the stage of taking a decision on the patient. Moreover,
thanks to the automated receipt of the patient’s data and the ECG processing results, it is possible
to serve the number of patients by an order more than it could be served during the screening
process using the invasive methods.

The process of screening based on the method of assessing the CMD [1] and the results of statistical

analysis of the sample are shown in Fig. 2.

:l -The patent is highly likely to have CMD :I—Thepatent is highly likely to have no CMD
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CMD — carbohydrate metabolem disorders

Fig. 2. The algorithm for screening process using a non-invasive method of evaluating the CMD

4.1 First take of the first lead ECG

The first-lead ECG is taken using a portable electrocardiograph. After taking the ECG is sent for
processing to the computing center, where a response is received in the form of SMS to the phone
of the patient and messages are sent to the endocrinologist about the detected/undetected cardiosign
of the CMD. If a cardiosign is detected, the endocrinologist concludes that the patient has a suspicion
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of CMD, and gives him recommendations for the diagnosis of T2DM in combination with current
medical standards [2] and referral to a blood test (OGTT with 75 g of glucose, analysis for glycated
hemoglobin and/or fasting plasma glucose test of the doctor's choice).

In case of non-detection of a cardiosign of the CMD, the doctor will direct the patient to re-take the
ECG.

4.2 Second take of the first lead ECG

The ECG is also taken using a portable electrocardiograph. After reading, the obtained ECG is sent
for processing to the computer center, where it receives a response in the form of an SMS to the
patient's phone number and in the form of an appeal to the endocrinologist about the detection/non-
detection of a cardiosign of CMD in patient’s ECG.

If the cardiosign is detected, the endocrinologist concludes that the patient has a suspicion of CMD,
and gives him recommendations for the diagnosis of T2DM in combination with current medical
standards [2] and referral to a blood test (OGTT with 75 g of glucose, analysis for glycated
hemoglobin and/or fasting plasma glucose analysis at the doctor's choice). In case of non-detection
of cardio sign of CMD, the endocrinologist writes in the conclusion that the patient has no suspicion
of CMD, and gives him a recommendation to undergo screening again in a year.

The results of a comparison of the use of invasive methods and the method of non-invasive screening
for CMD presented in this paper are presented in Table 2.
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Table 2. Comparison of sensitivity and specificity of the method of noninvasive assessment of the CMD
depending on the time of taking the ECG

Method of
. . Blood test for . .
Comparison OGTT with75 g noninvasive
s FPG test glycated
criteria of glucose hemoszlobin assessment of the
g CMD
Qualified . At the stage of ECG
personnel and Qualified personnel . -
. . processing, medical
laboratories are and laboratories are .
. R Qualified staff and
required at the required at the stage .
. . personnel and laboratories are not
stage of analysis of analysis of . .
Ease of laboratories are required. The
. of collected collected blood. The . .
execution . . required at the patient does not
blood. The patient | patient should come .
. stage of analysis have to come to the
should come to to the screening in the ..
- . of collected blood | screening in the
the screening in morning on an empty -
. morning on an
the morning on an | stomach
empty stomach
empty stomach
Risks of
Risk of . L Risk of complications
- Risk of complications . . .
Safety complications due . : complications due | associated with
. . due to invasiveness . . . .
to invasiveness to invasiveness invasiveness are
excluded
Standardizatio | g qardized [2] | Standardized [2] Standardized [7] | Notyet
n standardized
High (e)'(penses ) High (e).(penses Low (one only need
for medical High (expenses for for medical
. . . . to buy sets of
Cost laboratories, medical, laboratories, | laboratories, ortable
disposable blood disposable blood disposable blood P .
. - . - electrocardiographs,
collection collection materials) collection
. . consumables)
materials) materials)
Reliability High High High Testing is required

The results of the comparison show that the method of non-invasive assessment of the CMD is not
yet prescribed in medical recommendations and standards. Since the study [1] was conducted in a
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hospital setting on a fairly small sample of patients (less than 3000), it is necessary to conduct a
separate clinical trial of the method for a more accurate assessment of its reliability in real screening.
Due to its ease of implementation, low cost of the test, and noninvasiveness, this technique can be
used as an adjunct to the recommended screening tests [2, 7]: OGTT with 75 g of glucose, FPG test,
and blood analysis for glycated hemoglobin. Screening using a non-invasive method will allow both
to reach a larger number of the covered population at the same time, and to specify which part of
the population should undergo a regular invasive screening test.

5. Conclusion

The subject of research in this paper is a non-invasive screening of the population for type 2 diabetes.
There are no medical standards in the field of endocrinology for the non-invasive type of screening,
so the method is based on the results of a clinical study of electrocardiographic abnormalities in
patients with disordred carbohydrate metabolism, where the method of non-invasive determination
of CMD by the first-lead ECG was used [1]. The performance indicators of the method of
noninvasive determination of CMD for one ECG differ depending on the time of taking the ECG as
follows:

o the sensitivity[11] of the method is 70-83% (with the specified sensitivity, regardless of the
ECG time taking is 70% [1]);

e the specificity[11] of the method is 83-91% (with the specified sensitivity, regardless of the
ECG time taking is 86% [1]);
This means that the requirements for the patient to participate in a non-invasive screening have been
reduced — the patient can attend the screening not only in the morning and not necessarily on an
empty stomach. In addition, to make a decision by an endocrinologist about the presence/absence of
suspicions of CMD, it is enough for the patient to take up to 2 of ECGs.
Based on the data from the study [1] and the results of additional analysis of a sample from the same
study, a method for conducting a non-invasive screening of CMD was developed and described. It
can become the basis for the development of a new standard for conducting CMD screening. Further
testing of this technique is planned.
In the future, the use of non-invasive detection of CMD will significantly reduce the cost of the
screening process and make it safer and easier to perform for patients in both urban and rural areas,
reduce the requirements for the involvement, safety and qualification of medical personnel who
conduct screening and process its results.
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