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OIbY HaunoHanbHbI MegUUNHCKUIA NCCefoBaTENbCKUI LIEHTP SHAOKPUHoNorum Mmnnsgpasa Poccum, Mockea

AKTYAJIbHOCTb. [IocTynHOCTb MeAULIMHCKOW NOMOLLN UIPaeT 3HaUYUTESIbHYIO POJib B YAYULLUEeHUN 1 NOAAEPXKaHUN YAOB-
NEeTBOPUTENIBHOIO MMNKEMUYECKOIo KOHTPONA y NMaLMEHTOB C caxapHbiM grabetom 1 Tvna (CAO1).

LLEJTb nccnegoBaHuA cocTosAna B OLEHKe BO3MOXHOCTW yAaneHHoW noaaepkn geten n nogpoctkos ¢ CA1 n ee BAnAHUA
Ha FUKEMNYECKNIA KOHTPOJb 1 KAaYeCTBO MU3HWN.

MATEPUAJIbl N METOAbI. Y 40 peten n nogpocTtkoB (13+2,7 net, 18/22 m/X) Ha NOMMNOBON UHCYNNHOTEPANUK C HEYOB-
netsopuTtenbHoi komneHcaymen CA1 (HbA, >7,5%) 6bina oueHeHa 3GGeKTUBHOCTb TeNleMeANLUHCKON NOAAEPXKKM NyTem
LAVCTaHUMOHHOrO KOHCynbTupoBaHuA (K) no cpaBHeHMIO C TpagMUMOHHbBIM KOHTposiem (TK). Ha ouHbIx BU3MTax Npoun3Bo-
AVNNCb OLIEHKA 1 perncTpaumnsa nokasatenen rvkemuyeckoro koutpona (HbA, , cpeaHnas rnvkemus, SD rukemun n ap.)
N KayecTBa Xu3HW. [auneHTbl unn ux poauTtenu, pacnpeaeneHHble B rpynny [K, 2 pasa B mecAl B AOMALUHUX YCIIOBUAX
OTMPABAANN AaHHblE C UHCYNIMHOBOW MOMIMbI CNEeLMannucTy B LLeHTP NOMMOBOW UHCYNIMHOTEpanuuy, a B OTBET NoayYanu ot
HEero pekoMeHAaUmMm No NeYeHNIo 1 CAMOKOHTPOJIIO. [epBrYHON KOHEUHON TOUKON UccnefoBaHus 6binn nsmeHenne HbA -
K KOHL NCCIeJ0BaHMNA MO CPABHEHMIO C UCXOAHBIM YPOBHEM 1 01A NaLUeHTOB, AocTUrHyBlumx HbA, meHee 7,5%.

PE3YJIbTATbI. Yepes 24 Hep nccnenoBaHnA NCXOAHbBIN HbA1c (8,7% B oBYx uccnepyemblix rpynnax) B rpynne K cHusunca go
7,7% no cpaBHeHwuio ¢ 8,5% B rpynne TK (p<0,05). i3meHeHne ypoBHA HbA1C K KOHLY nccnefoBaHnA OTHOCUTESIbHO NCXOAHOMO
coctaBusio 0,97% B rpynne [K no cpaBHeHuto ¢ 0,26% B rpynne TK (o6was pa3Huua mexgy rpynnamu 0,71%, p<0,05). lona
NaureHTOB, KOTopble JOCTUIIN LiefIeBOro YpOBHSA HbA1C (<7,5%), 6bina Bbiwe B rpynne [K (50%) no cpaBHeHuto ¢ rpynnon TK
(20%, p<0,05). Pap noka3zaTener KauecTBa »KU3HU KaK y poauTtenei, Tak n getein ¢ C[11 K KOHUY nccnefoBaHnaA Nno CpaBHEHNIO
C NCXOAHBIM YPOBHEM CTaTUCTUYECKN 3HauMMO yBenuuunca B rpynne K no cpaBHeHuto ¢ rpynnoin TK (p<0,05). 3a Bpema
NCCeaoBaHUA YacToTa aNn3oa0B AnabeTnyeckoro Ketoaumaosa (AKA) n TaKenon rmnornmkeMmm CTaTUCTUYECKN 3HaYNMMO
He pasnuyanncb Mexxay rpynnamm.

3AKJIIOMEHUE. Y peteli c HeygoBneTBOpUTENbHbIM MeTabonnueckum KoHTponem C11 gncTaHUMOHHaA nopaep»Ka okasa-
N1acb OCYLEeCTBAMON 1 NPUBENA K 3HAUUTENIbHOMY Y/yULIeHUIO FkeMnyeckoro KoHTponsa (HbA, , BaprnabenbHOCTb rvke-
MUK) U KauecTBa KM3HW, He COMPOBOXAAACh NPU 3TOM yyalleHnem 3nn3onos JKA v TaxKenon runorinkemnn.

KJTKOYEBDIE CJTOBA: caxapHbii grnabeT 1 TMna; TenemegnumHa; AeTU; KaUeCTBO XKN3HU; MUKEMUYECKUIA KOHTPOb

USE OF TELEMEDICINE IMPROVES GLYCEMIC CONTROL AND QUALITY OF LIFEINTYPE 1
DIABETES CHILDREN ON INSULIN PUMP THERAPY
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RATIONALE: Healthcare access plays a significant role in the improvement and maintaining of glycemic control and quality
of life in type 1 diabetes mellitus (T1DM) patients on continuous subcutaneous insulin infusion (CSII).

AIMS: The aim of the study was to evaluate the feasibility of remote support in children and adolescents with type 1 diabetes
mellitus (T1DM) and its effect on glycemic control and quality of life.

MATERIALS AND METHODS: In 40 children and adolescents (13+2,7 years, 18/22 m/f) on CSIl with inadequately controlled
T1DM (HbA, >7,5%) we evaluated the effectiveness of telemedical support (TS), as compared with conventional support
(CS). Parameters of glycemic control (HbA , average glycemia, SD, etc.) and quality of a life were obtained on follow-up visits.
Patients and their parents in TM group twice a month sent their insulin pump data using to CSll center and diabetologists
sent back their advice via e-mail, phone or Skype. The primary end point was the change from the baseline HbA, level and
the proportion of patients achieving HbA, of less than 7.5%.

RESULTS: At 24 weeks, the baseline mean HbA1C (8.7% in the two study groups) had decreased to 7.7% in the TS group, as
compared with 8.4% in the CS group (P<0,05). The proportion of patients who reached the HbA, target (<7,5%) was greater
in the TS group (50%) than in the CS group (20%, p<0,05). A number of quality of life indicators for both parents and children
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with TIDM at the end of the study compared to baseline significantly increased in the TS group compared with the TC group
(p<0.05). During the study period rate of severe hypoglycemia and DKA in TS group (0 and 10 cases per 100 person-years)
did not differ significantly from that in CS group (0 and 20 cases per 100 person-years, P>0,05).

CONCLUSION: In children with inadequately controlled T1DM, telemedical support proved to be feasible and resulted in sig-
nificant improvement in glucose control (HbA , glucose variability) and quality of life without the increase in the incidence

of DKA and severe glycemia.
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INTRODUCTION

Prolonged subcutaneous insulin infusion (PSIl), or
insulin pump therapy, is an effective method for improving
and maintaining glycaemic control in children with type
1 diabetes mellitus (DM1) [1-7]. However, the use of
PSIl requires the expertise of an endocrinologist, direct
involvement and contact of the treating physician with the
patient and may not always result in satisfactory glycaemic
control. Thus, according to the international study TEENs
which included >500 children and adolescents with DM1
(20% of whom received PSII) in the Russian Federation, only
16.9% of childrenand 14.6% of adolescentsachieved glycated
haemoglobin (HbA1c) target levels [8]. Unsatisfactory
control of DM1 may be associated with a number of factors,
including the availability of medical care from qualified
personnel (absence of paediatric endocrinologists, lack of
skills and experience with insulin pumps, etc.). Given the
geographic and demographic characteristics of the Russian
Federation, the use of telemedicine may be one of the
methods to improve the effectiveness of the treatment.

The use of telemedicine in the context of DM1 is
very relevant because of the therapeutic aspects of this
disease. Diabetes mellitus is a chronic disease requiring the
observation of a patient by an endocrinologist. Patients with
DM1 should constantly monitor glycaemic parameters, and
the treating physician must adjust the ongoing regimen of
insulin therapy in accordance with these data. Absence of
appropriate correction of ongoing therapy by the treating
physician and suboptimal self-control by the patient as a
result of inadequate training may lead to unsatisfactory
control of DM1. Consequently, this contributes to the
development and progression of acute and chronic
complications that worsen the patient’s quality of life, further
disease prognosis, and therefore, significantly increase the
cost of treatment.

According to international studies, the use of
telemedicine in children with DM1 contributes to reducing
the HbA1c level, improving quality of life and reducing
emergency treatment and hospitalisation [9]. In addition,
the use of telemedicine may reduce the costs associated
with inter-hospital patient transfer, provide additional
medical services, and evenly distribute the duties of medical
personnel. Currently, no published systematised results on
the effectiveness of telemedicine for the control of DM1 in
children are available in Russia.

STUDY AIM
This study aimed to assess the possibility of remote
counselling for children and adolescents with DM1 and its

effect on glycaemic control, quality of life and frequency of
acute complications.
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MATERIALS AND METHODS

This study presents the data obtained from the children’s
department of diabetes mellitus of the Federal State
Budgetary Institution National Medical Research Centre of
Endocrinology of the Ministry of Health of Russia.

A 24-week, prospective, open-label, controlled clinical
study was conducted, including children and adolescents
who met the following basic criteria: 1) age >8 and X18 years;
2) diagnosis of DM1 with disease duration >1 year; 3) insulin
therapy by PSIl pump of Medtronic Paradigm (Medtronic
MiniMed, USA) with duration =6 months; 4) according to
the instructions of CareLink Professional, self-control of
glycaemia for the previous 3 months was conducted on
average >4 times a day and replacement of the infusion
system of the insulin pump was performed at least once
every 4 days; 5) inadequate glycaemic control (HbA1lc
level =7.5%); 6) the presence of a personal computer at the
patient’s residence with access to the Internet; 7) signed
informed consent.

The main exclusion criteria were as follows: 1) not type
1 diabetes mellitus; 2) insulin therapy by multiple insulin
injections or a pump other than Medtronic Paradigm®; 3)
clinically significant acute diseases of the cardiovascular,
nervous, genitourinary and gastrointestinal systems and
blood diseases; 4) violation of the study protocol such
as irregular self-control of blood glucose <4 times a day,
irregular replacement of the insulin pump infusion system
less than once in 4 days, failure to attend visits, failure in
sending the data from an insulin pump every 2 weeks (for
a group of remote counselling); and 5) refusal to participate
in the study.

Patients enrolled in the study were randomly distributed
to a remote counselling (RC) group or traditional control
(TC) group at their first visit to the clinic. For comparing both
groups, a basic training programme on DM1 and PSII was
conducted for all patients included in the study at the first
visit.

All patients underwent standard examination and
anthropometry at baseline, as well as 12 and 24 months
after enrolment in the study. During these visits, the
level of HbA1c was determined (DCA Vantage® Analyzer,
Siemens, Germany); glycaemia and daily doses of insulin
were recorded and analysed; treatment was assessed and
adjusted; and recommendations for self-control and follow-
up were provided. In addition, the quality of life of children
and parents was assessed at baseline and the end of study.

Registration and analysis of glycaemic parameters (mean
level of glycaemia, glucose variability [DM], blood glucose

Diabetes Mellitus. 2017;20(6):420-426



ORIGINAL STUDY

Table 1. Baseline characteristics of groups

ng:)ip TCgroup  Plevel
Age (years) 13+0,6 13+0,7 H/0
Male/Female 10/10 8/12 H/p,
Duration of DM1 (years) 6+0,7 6,1+0,6 H/p
Duration of PSlI (years) 2,604 3,1+0,5 H/0
HbA1c (%) 8,703 8,710,2 H/p

Note: Data are represented as mean + standard error of the mean (M+SEM)
or number.

RC, remote counselling; TC, traditional control; DM1, type 1 diabetes
mellitus; PSII, prolonged subcutaneous insulin infusion; HbA1c glycated
haemoglobin

measurements in the range <4 and >10 mmol/l) and
calculation of average daily doses of insulin were performed
using the software CarelLink Professional (Medtronic
MiniMed, USA) for the two-week period preceding the day of
the visit. This software enables the user to generate reports
containing information regarding the main indicators
of glycaemia, insulin therapy, frequency of self-control,
replacement of the infusion set and other data for a selected
period.

All patients were provided with a Contour TS glucometer
(Bayer, Switzerland) and test strips for the duration of the
study. Patients in the RC group were also provided with
technical equipment [CareLink USB (Medtronic MiniMed,
USA)] for transferring data from the insulin pump to their
personal computer.

Patients or their parents randomised to the RC group
submitted data stored in the memory of the insulin pump to
a specialist in the insulin pump therapy centre twice every
month and, in response, received advice on treatment and
self-control. Data were transmitted via the Internet using
the software CareLink Personal (Medtronic MiniMed, USA)
and technical support CareLink USB (Medtronic MiniMed,
USA). Interpretation and analysis of the data obtained in
the insulin pump therapy centre was performed using the
software CareLink Professional (Medtronic MiniMed, USA).
Based on the reports received, the specialist adjusted the
therapy or provided recommendations on self-control.
Depending on the volume or the requirement for additional
information from the patient, the specialist provided these
recommendations via e-mail, telephone, or video call.

The quality of life of children and their parents was
assessed using the questionnaire PedsQLTM 3.0 Diabetes
Module. The questionnaire comprised 28 elements
(situations) composing 5 modules, namely Diabetes,
Treatment |, Treatment Il, Anxiety, and Communication. In
the questionnaire, children or parents were asked to assess
the difficulty of different situations during the previous
month. Each element is estimated on a 5-point scale from 0
(never) to 4 (almost always).The scores for each element were
transformed in the reverse order on a scale from 0 to 100 as
follows: 0 =100, 1 = 75,2 =50, 3 = 25, 4 = 0. Subsequently,
the average score was calculated for all elements in general
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and for each section separately. High scores indicated a
better quality of life for the patient or parent.

Change in the level of HbA1c at the end of study
compared with baseline and the proportion of patients who
achieved a level of HbA1c of <7.5% at the end of study.

1) Change at the end of study compared with the
baseline level of the following indicators: the average
level of glycaemia, DM, blood glucose measurements in
the range <4 and >10 mmol/l, quality of life indicators; 2)
frequency of episodes of diabetic ketoacidosis (DKA) and
severe hypoglycaemia during the study.

The study protocol was approved by the local Ethics
Committee of the Federal State Budgetary Institution
Endocrinology Research Center of the Ministry of Health of
Russia (extract from protocol No. 11 of 04.10.2015).

Statistical processing of the results was performed using
the statistical package STATISTICA 8.0 (StatSoft, USA). The
quantitative characteristics are presented as the mean +
standard error of the mean (M = SEM), unless otherwise
indicated. The difference between the quantitative
characteristics was estimated using the Mann-Whitney test.
The difference between the qualitative characteristics was
estimated using the two-tailed Fisher’s test. The difference
between the incidences of acute complications was assessed
using a two-tailed Z-test. A value of p < 0.05 was considered
significant.

RESULTS

The study included 41 children, one of whom withdrew
his participation in the study at a second visit in accordance
with the exclusion criteria. The baseline characteristics of
patients in the RC and TC groups are presented in Table 1.
Patients in both groups did not differ in age, sex, duration of
DM1 and PSlI, as well as in the level of HbA1c.

At baseling, the level of HbA1c was 8.7% in both study
groups. After 24 weeks, the level of HbA1c in the RC and TC
groups decreased to 7.7% and 8.5%, respectively (Figure 1).

9,0
8,45
8,5
X
8,0
7,68
7,5

Baseline 12 weeks 24 weeks

Fig. 1. Dynamics of the level of HbA1c during the study in the RC group

(red diamond and line) and TC group (blue square and line). The data are
presented as the mean + standard error of the mean (M£SEM)

RC, remote counselling; TC, traditional control
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Fig. 2. Change in indicators at the end of the study relative to baseline levels in the RC group (red columns) and TC group (blue columns). Data are
presented as mean + standard error of the mean (M + SEM)
RC, remote counselling; TC, traditional control; HbA1c glycated haemoglobin

Table 2. Average daily doses of insulin at the baseline and at the end of the study in the RC and TC groups

Indicator name Baseline After 24 weeks
RCgroup  TCgroup RC group TC group
Insulin therapy
Average daily dose of insulin, U 42,3+5,2 43,8+3,9 43,8+4,6 45,4+3,7
Average daily basal dose of insulin, U 17,12 19,8+2,1 20,2+2,1 19,1+1,7
Average daily bolus dose of insulin, U 25,2+3,4 24+2,6 23,7+2,8 26,2+2,6

Note: Data are presented as the mean + standard error of the mean (M + SEM). All p values were >0.05 when comparing the indicators of the RC and TC

groups. RC, remote counselling; TC, traditional control

Table 3. Changes in the indicators of quality of life in parents of children with DM1, relative to baseline levels, at the end of study

Indicator name Baseline After 24 weeks
RC group TC group RC group TC group
Adherence to treatment
Frequency of glycaemia determination, per day 5+0,6 4,4+0,6 5,8+0,6 4,3+0,5
Frequency of use of the bolus calculator, per day 4,7+0,5 4,9+0,5 5,8+0,5 5,2+0,6
Frequency of replacement of the infusion system, quantity/2 weeks  4,2+0,3 4,9+0,6 5+0,4 5+0,6

Note: Data are presented as the mean + standard error of the mean (M + SEM). All p values were >0.05 when comparing the indicators of the RC and TC

groups. RC, remote counselling; TC, traditional control

At the end of the study, the decrease in the level of HbA1c
relative to the baseline was significantly greater in the RC
group than in the TC group (0.97% vs. 0.26%, respectively; p <
0.05) (Figure 2). The difference in change in the level of HbA1c
at the end of the study relative to the baseline between the
groups was 0.71%. The proportion of patients who achieved
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the target level of HbA1c (defined as <7.5%) was significantly
higher in the RC group than in the TC group (50% vs. 20%,
respectively; p < 0.05) (Figure 2). In the RC group, by the end
of the study, there was a decrease in the mean level and DM
of glycaemia relative to the baseline compared to the TC
group, which showed a slight increase in the levels of these
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Fig. 3. Changes in the indicators of quality of life in parents of children with DM1, relative to baseline levels, at the end of study
The data are presented as mean + standard error of the mean (M = SEM). * P < 0.05 when comparing the indicators of the RC and TC groups.
RC, remote counselling; TC, traditional control
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Fig. 4. Changes in the indicator of quality of life in children with DM1, relative to baseline levels, at the end of study
The data are presented as the mean * standard error of the mean (M + SEM). *p < 0.05 when comparing the indicators of the RC and TC groups.
DM1, type 1 diabetes mellitus; RC, remote counselling; TC, traditional control

indices (Figure 2). Also, in the RC group, the percentage (%)
of the measurements decreased lower than 4 mmol/l and
more than 10 mmol/I by the end of the study relative to the
baseline, however the dynamics did not reach a statistically
significant level compared to the TC group (Figure 2).

Insulin therapy, determined by the level of daily average
doses of basal and bolus insulin, did not differ between
groups at baseline and at the end of the study (Table 2).

At the end of the study, patients in the RC group had non-
statistically significant higher adherence rates compared
with those in the TC group (Table 3).

Assessment of the quality of life at the end of the study
showed a similar trend between the RC and TC groups for
all indicators. However, only two indices of the parents and
one index of children in the RC group compared with that of
the TC group showed changes relevant to the baseline that
reached statistical significance (Fig. 3, 4).

During the study, the frequency of DKA episodes and severe
hypoglycaemia in the RC group did not significantly differ in
comparison with that observed in the TC group (Figure 3).

DISCUSSION

Lower levels of HbA1c in patients with DM1 is associated
with a reduction in the risk of late complications of DM1
[10]. In the present study, after 24 weeks, a significant
improvement in the level of HbA1c was observed in the
patients who received RC compared with those with
traditional observation. These findings are in agreement
with previous data from a number of studies showing
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a statistically significant decrease in the level of HbA1lc
achieved as aresult of a telemedicine intervention in patients
with DM1 [11, 12]. The present analysis established that this
decrease was caused by a decrease in the average level of
glycaemia and the variability of glycaemia determined by
the level of DM. Decrease in variability of glycaemia resulted
in, albeit not reliable, a decrease in the measurement
frequency in the range of less than 4 mmol/I and more than
10 mmol/I by the end of the study relative to the baseline in
the RC group compared to the TC group. Thus, the decrease
in the level of glycaemia was achieved not at the expense of
more frequent episodes of hypoglycaemia. On the contrary,
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Fig. 5. The incidence of episodes of severe hypoglycaemia and diabetic
ketoacidosis for the entire study period in the RC group (red columns) and
TC group (blue columns).

SH, severe hypoglycaemia; DKA, diabetic ketoacidosis; RC, remote
counselling; TC, traditional control
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it was accompanied by a reduction in episodes of hypo- and
hyperglycaemia. Considering the potential contribution of
high variability of glycaemia to the development of vascular
complications of DM1 [13], the results shown in the present
and other studies [14] indicate the potential of telemedicine
in improving glycaemic control.

The improved effectiveness of the treatment may
be attributed to an increase in the level of awareness of
patients and their parents, better adherence to treatment
and improvement in the quality of life, as a result of the RC.
Although not statistically significant, in the RC group, there
was a tendency for better adherence rates (more frequent
self-control, replacement of the infusion system and use
of the bolus calculator). In addition, we noted a tendency
towards better quality of life indicators for both parents and
children with DM1 in the RC group. However, only a few
indicators reached statistical significance.

The average daily requirement for insulin did not differ
between the groups. This indicates that the effect observed
and the changein daily doses of insulin may not be associated.

In the RC group, there was no increase in the frequency
of episodes of acute DM1 complications, such as severe
hypoglycaemia and DKA, in comparison with the TC group.
Of note, none of the studies conducted so far on the use of
telemedicine for the counselling of patients with DM1 have
shown an increase in the frequency of acute complications
of the disease, highlighting the safety of this type of medical
aid [15].

At present, there are no sufficient legal grounds for the
use of telemedicine for the counselling of children with DM1
in the Russian Federation. As a consequence, there is no
possibility for government financing of this type of medical
aid. The accumulation of evidence on the feasibility and
effectiveness of the use of telemedicine for the control of
diabetes mellitus may contribute to the introduction of this
approach into practical health care.

OPUTMHAJIbHOE NCCNEAOBAHNE

A limitation of this pilot study is the small sample size
which complicates the statistical analysis. However, most
indicators reached statistical significance between groups,
and the results are likely to be more convincing when
analysing a larger sample. In addition, these findings are
limited by the period of intervention investigated in this
study; hence further investigations are required to assess
the effect of telemedicine on glycaemic control.

CONCLUSION

In children with unsatisfactory glycaemic control of
DM1, RC was feasible and led to a significant improvement
in glycaemic control (HbA1c, glycaemic variability), in the
absence of more frequent episodes of DKA and severe
hypoglycaemia. Further evaluation of the effectiveness of
telemedicine in such children with DM1 through studies
with larger sample size is warranted. Moreover, additional
studies are required to assess the duration and long-term
effect of the use of telemedicine for counselling patients on
glycaemic control.
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