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Abstract

Background: While introducing new technologies and methods of treatment for type 1 diabetes mellitus (T1DM), it seems
essential to monitor whether modern technologiesin diabetes treatment may improve the psychological and emotional status of
patients.

Objective: This study aims to assess the baseline psychological parameters of patients with TIDM during investigation of the
direct transition from multiple daily injections (MDI) and self-monitoring of blood glucose (SMBG) to the MiniMed 780G
advanced hybrid closed-loop (AHCL) system and to evaluate changes in the psychological well-being and quality of life (QoL)
after the transition in these individuals versus the control group.

Methods: Thetrial was a 2-center, randomized controlled, parallel group study. In total, 41 patients with TIDM managed with
MDI or SMBG were enrolled and randomized either to the AHCL or the MDI+SMBG group. Of these, 37 (90%) participants
(mean age 40.3 years, SD 8.0 years, mean duration of diabetes 17.3, SD 12.1 years; mean hemoglobin A, [HbA,] 7.2%, SD
1.0%) completed the study (AHCL: n=20, 54%; MDI+SMBG: n=17, 46%). Psychological parameters (level of stress, coping
mechanisms, level of anxiety, self-efficacy level, acceptance of illness, locus of control of illness, life satisfaction, QoL) were
measured at baseline and at the end of the study using 10 psychological questionnaires.

Results: At baseline, the general level of stress of the examined patients was higher than in the general healthy Polish population
(P=.001), but coping strategies used in stressful situationswere significantly more effective and the level of self-efficacy (P<.001)
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was much higher than in the general population. The patients in this study accepted their illness more than patients with diabetes
from the general Polish population (P<.001), but they felt that their health does not depend on them compared to the general
population (P<.001). The overall life satisfaction was similar to that of the general population (P=.161). After 3 months from
transition, the AHCL group reported an increase in 4 scales of the QoL—feeling well (P=.042), working (P=.012), eating as |
would like (P=.011), and doing normal things (P=.034)—in comparison to the control group, where no significant change occurred.
The level of both state anxiety and trait anxiety decreased in the AHCL group: State-Trait Anxiety Inventory (STAI) X1 scores
(P=.009), STAI X1 stens (P=.013), and STAI X2 scores (P=.022). The AHCL group became more emotion oriented in stressful
situations (Coping Inventory for Stressful Situations [CISS] E; P=.043) and significantly less self-blaming after 3 months of the
study (P=.020).

Conclusions: Theresultsindicate that the patients who decided to take part in the transition study were characterized by higher
levels of stress than the general healthy population but had better coping strategies and self-efficacy. Furthermore, transitioning
from MDI+SMBG treatment to the AHCL in patients naive to technology may significantly improve psychological well-being
and QoL within 3 months. The rapidity of these changes suggests that they may be related to the significant improvement in

glycemic outcomes but al so significantly less burdened diabetes self-management.

Trial Registration:

(IMIR Form Res 2023;7:e43535) doi: 10.2196/43535

Clinical Trials.gov NCT04616391; https://clinicaltrials.gov/ct2/show/NCT04616391
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Introduction

Diabetes care is a quickly evolving discipline, and numerous
new technologies and recommendations have emerged [1].
Personal insulin pumps, continuous glucose-monitoring systems
(CGMSs), and, most recently, hybrid closed-loop (HCL)
systems, which are characterized by the coexistence of
algorithm-driven automated insulin delivery combined with
manual mealtime boluses, have had a major effect on the
management of type 1 diabetes mellitus (TIDM) [2]. The
popularity of these treatment optionsamong patientswith TIDM
and recently also among patients with type 2 diabetes mellitus
(T2DM) is increasing rapidly [3]. HCL systems are more
advanced insulin delivery technologies that automatically
increase, decrease, or suspend insulin delivery based on
real-time continuous glucose-monitoring data [4-7].

One of this advanced hybrid closed-loop (AHCL) systems is
the MiniMed 780G AHCL system (Medtronic), which has an
algorithm that, in addition to automatically adjusting the basal
insulin delivery, also delivers autocorrection boluses for high
glucose levels[6-8]. Recent studies have evaluated the clinical
effectiveness of the MiniMed 780G AHCL system in patients
previously using advanced diabetes technologies, including
continuous subcutaneous insulin infusion (CSII) or the CGMS
or both combined to some degree in automated technologies
[7,9-12]. To the best of our knowledge, no study so far has
examined whether the MiniMed 780G AHCL system would be
equally effective in patients who have no previous experience
with the CSII/CGMS and how that shift would impact their
psychological well-being.

Addressing the emotional aspects of diabetes and its
management has received considerable attention in recent years.
Diabetes distress can have a significant impact on the quality
of life (QoL), disease management, and ability/willingness to
respond to other diabetes interventions [13]. Studies suggest
theimportance of investigating the association between diabetes
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and negative emotiona states and the psychologica and
psychopathological dimensions that may play a potential role
in the therapeutic management of diabetes [14,15]. The
American Diabetes Association’s(ADA) psychosocia position
statement asserts that transitions throughout the lifespan and
psychosocial barriers may impact disease management, and
older adults with diabetes may experience unique age-related
issues[16,17].

While introducing new technologies and methods of treatment
for T1IDM, it seems essential to monitor whether modern
technologies in diabetes treatment may improve the
psychological and emotional status of patients. This is an
important factor also from the future perspective because these
patients still have many years of life ahead [18]. To adequately
assess the change in psychological parameters after the
introduction of a new treatment method, we also considered it
essential to check the preliminary psychologica status of the
patients in comparison to the general population.

The aim of this study was (1) to assess the psychological
parameters of al the patients with TIDM included in this
transition research in comparison to the general population and
(2) to evaluate whether the transition from multiple daily
injections (M DI) and self-monitoring of blood glucose (SMBG)
directly to the MiniMed780G AHCL system has an impact on
the psychological parameters of patients.

Methods

Studied Population

The study design is described in Ref. [7]. In summary, this
2-center, randomized controlled, parallel group study enrolled
41 patients with TIDM for at least 2 years. The patients were
aged 26 to 60 years, with ahemoglobin A, (HbA ) level below
10%, and treated with MDI and SMBG without any previous
experience of CSII or CGMS technologies. Participants
completed a 2-week run-in period, during which they
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demonstrated tolerance to wearing the sensor and compliance
with a blinded CGMS and were randomly allocated to either
the AHCL therapy (n=20, 49%) or continuation of MDI and
SMBG therapy (n=21, 51%). Of these, 4 (10%) participants
randomized to the M DI+SMBG group withdrew from the study:
3 (75%) immediately after randomization were not satisfied
with group allocation, and 1 (25%) became pregnant during the
study. The other 37 (90%) participants completed the 3-month
study.

The first part of the analysis aimed and checking the
psychological parametersof all the patientswho enrolled in the
study and comparing them with norms for the general
population. We wanted to check whether the patients have any
specia characteristicsthat encouraged them to, on the one hand,
not use modern technologies for many years and, on the other
hand, decide to take part in the research project.

The second part of the analysisaimed at verifying whether after
3 months of the study, the AHCL group in which the MiniMed
780G AHCL insulin pump was introduced became different in
termsof psychological parametersfrom the group that continued
the previous method of treatment based on MDI and SMBG.
We aso checked whether the QoL with diabetes changed
between the 2 groups.

Participants’ psychological parameters and QoL were assessed
with the following set of questionnaires at baseline and at the
end of the study:

« Coping Inventory for Stressful Situations (CISS): This
consists of 48 statements about different behaviors typical
for people in distress. Subjects have to determine on a
5-point scale the frequency of agiven behavior in stressful,
difficult situations. Scores are formatted on 3 scales (T,
Task-Oriented Scale; E, Emotion-Oriented Scale; and A,
Avoidance Scale) and 2 subscales (D, Distraction Subscale
of the Avoidance Scale, and SD, Social Diversion Subscale
of the Avoidance Scale) [19].

- Brief Coping Orientation to Problems Experienced
Inventory (Brief-COPE): This is a tool for examining
healthy and sick adults. It consists of 28 statements
describing 14 strategies (2 statements in each strategy).
Most often, the method is used to measure dispositional
coping (ie, the assessment of typical ways of reacting and
feeling in situations of severe stress) [20].

- State-Trait Anxiety Inventory (STAI): This measures
anxiety understood as a transient and situationally
determined state of the individual and anxiety understood
as arelatively stable personality trait. The STAI consists
of 2 subscales, one (X1) measuring state anxiety and the
other (X2) measuring trait anxiety. The items of the
subscales are printed on the reverse sides of the same test
sheet. Each subscale consists of 20 items, which the subject
answers by selecting 1 of 4 precategorized answers[21].

« Generalized Self-Efficacy Scale (GSES): This scale is a
self-report measure of self-efficacy. The GSESiscorrelated
to emotion, optimism, and work satisfaction. Negative
coefficients are found for depression, stress, health
complaints, burnout, and anxiety [22].

https://formative.jmir.org/2023/1/e43535
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« Perceived Stress Scale 10 Items (PSS-10): This is widely
used for measuring psychological distress[23].

- Satisfaction with Life Scale (SWLS): Thisis ameasure of
global life satisfaction. Scores on the SWLS correlate
moderately to highly with other measures of subjective
well-being and correlate predictably with specific
personality characteristics [24].

«  Acceptance of Iliness Scale (AlS): The AlS can be used to
measure illness acceptance in any condition. The scale
consists of 8 statements describing the negative
consequences of poor health, limitations imposed by
disease, lack of independence, dependence on others, and
lowered self-esteem [25].

« Multidimensional Health Locus of Control (MHLC) Scale
Form C: The MHLC Scale Form C is an 18-item,
genera -purpose, condition-specific locus-of-control scale
that can easily be adapted for use with any medical or
health-related condition. It consists of 3 subscales:
Internality, Doctors and Powerful Others, and Chance[26].

- Pdtient Requests Form (PRF): This is a list of patient
expectations. Statementsincluded in the PRF are composed
of 3 factors concerning expectations connected with
explanation of the disease, looking for support, and
obtaining information about examinations and treatment
[27].

« Quality of Lifein Diabetes Questionnaire (QoL-Q Diabetes)
[28]: Thisis 1 of the instruments to assess the QoL for
adultswith TADM. The Polish version of the questionnaire
was prepared based on the written content of the Mapi
Research Trust, the copyright owner. Validation of the
Polish version included forward trandation by a health
professional in clinical psychology and psychiatry, familiar
with the terminology of the area covered by the instrument
and with an MA in English philology; an expert panel
analysis of items; back trandlation by a native speaker; and
pretesting on a sample of patients with TIDM. The
guestionnaireis aself-assessment scale composed of 2 parts.
The first measures the QoL with diabetes in a given (1 of
23) life area. In the second part, the patient assesses the
importance of each of the 23 aspects of life on a3D scale.
The mean value of the global QoL is 138 points. The
maximum test result is 345 points. The mean value for a
given areais 6, while maximum for agiven areais 15. The
higher the result, the better the QoL assessed by the patient

(7.

For comparisons with general Polish healthy population and
the general Polish population of patientswith diabetes, we used
data collected by the Polish Test Laboratory of the Polish
Psychology Association [19-27]. For each test, there was a
representative group from the Polish population selected and
examined by the psychological team. We chose datafor healthy
controls and patients with diabetes, stratified by age and sex,
were appropriate, including the data provided by PTP statistical
parameters (mean, SD, number of participants examined, etc),
and we used proper statistical calculations for such analysis.

Ethical Considerations
The study was approved by the bioethics committee (no.
1072.61201.8.2020, date May 28, 2020, tria registry no.
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NCT04616391). All patients provided written informed consent
to participate in this study. The collected data were stored
anonymously in an encrypted disc in the hospital according to
bi oethi cs committee recommendations. The participantsdid not
receive any financial compensation for participation in the study.

Statistical Analysis

To assess differences between the psychological scoresfor our
group and the general population, atest for 2 means was used.
To compare 2 independent variables, the Student or Welch t
test for normally distributed (the Shapiro-Wilk test) continuous
variables was performed, otherwise the Mann-Whitney U test
was conducted. To compare 2 dependent groups, the paired t
test or the Wilcoxon signed-rank test, when appropriate, was
used. To test for the effect of treatment allocation on
psychological outcomes, analysis of covariance (ANCOVA)
was conducted, adjusting for treatment arm and baseline values.
Once the significant interactions were confirmed, we included
them into the model and then estimated the adjusted mean
difference between the treatment arms (we centered the baseline
value on the mean, and then the estimate in the arm was the

Cyrankaet a

adjusted mean difference between the treatment groups). When
the ANCOVA assumption was not met, we performed the
Wilcoxon rank-sum test. Analyses were performed with R
version 4.1.0 and R Studio version 1.3.959 (R Core Team and
the R Foundation for Statistical Computing).

Results

Participant Characteristics

Glycemic outcomes of the transition study have been presented
previoudly [ 7] and include thetime spent in target (timein range,
TIR), which increased from mean 69.3% (SD 12.3%) at baseline
to mean 85.0% (SD 6.3%) at 3 months in the AHCL group,
while remaining unchanged in the control group: treatment
effect 21.5% (95% Cl 15.7%-27.3%), P<.001. The time below
range (TBR; <70 mg/dL) decreased from mean 8.7% (SD 7.3%)
to mean 2.1% (SD 1.7%) in the AHCL group and remained
unchanged in the MDI+SMBG group: treatment effect mean
-4.4% (95% Cl —7.4% to —2.1%), P<.001 [7]. Baseline
characteristics of the participants are presented in Table 1.

Table 1. Baseline characteristics of the participants (N=37) (adapted from Matejko et al [7] which is published under Creative Commons Attribution

4.0 International License [29]).

Category MDIZSMBGP group (n=17, 46%) AHCL® group (n=20, 54%) P value
Gender (female), n (%) 8 (47) 8 (40) .920
Age (years), mean (SD) 40.9 (7.8) 39.8 (8.3) 671
Diabetes duration (years), mean (SD) 17.6 (12.2) 17.1(12.2) 749
HbA 1% level at enroliment (%), mean (SD) 74(12) 7.05(08) 349
BMI (kg/m?), mean (SD) 25.6 (2.64) 245(3.3) .280
Body weight (kg), mean (SD) 77.7 (14.4) 76.3(14.7) 774

\DI: multiple daily injection.

PSMBG: self-monitori ng of blood glucose.
CAHCL: Advanced Hybrid Closed Loop.
9HpbA 1c: hemoglobin A 4.

Results of the First Part of the Analysis

A comparison of the study participantswith the general healthy
population is presented here.

Intheanalysis, we observed that the TADM group of 37 patients
(study population), who volunteered to participate in our study,
differed in many aspects of psychological parameters from the
general healthy population.

Although the general level of stress in the study population
measured with the PSS-10 was significantly higher in our study
population than in the general population (mean 6.62, SD 7.50
vsmean 22.14, SD 4.27, P<.001), the coping strategies used by
our study population turned out to be more effective in many
aspects. In difficult and stressful situations, our study population
is less likely to focus on emotions compared to the general
population (mean 45.16, SD 9.94 vs mean 36.94, SD 10.65,
P<.001) and does not avoid confrontation with a difficult
Situation (mean 19.11, SD 5.51 vs mean 16.34, SD 4.40,

https://formative.jmir.org/2023/1/e43535

P=.002), as indicated by CISS results. Brief-COPE results
revesaled that the participants are much more active in coping
with stressful events compared to the general population (mean
1.57, SD 0.79 vs mean 2.22, SD 0.69, P=.003) and are more
effective in planning how to manage a stressful event (mean
1.89, SD 0.79 vs mean 2.30, SD 0.69, P=.005). Additionally,
they more often use positive reframing compared to the general
population (mean 1.67, SD 0.77 vsmean 1.89, SD 0.54, P=.020)
and a sense of humor (mean 0.82, SD 0.78 vs mean 1.16, SD
0.67, P=.003) and more easily accept astressful situation (mean
1.78, SD 0.77 vs mean 2.11, SD 0.63, P=.002), although they
tend to experience more negative emotions, which they try to
let go of (mean 1.01, SD 0.69 vs mean 1.30, SD 0.67, P=.011).
This in turn gives the patients with TIDM in our study
population a significantly higher level of self-efficacy, as
measured with the GSES (mean 27.32, SD 5.32 vs mean 31.08,
SD 2.99, P<.001).

Worth noticing is the observation that only women from the
study population (n=6, 16%) aged 41-54 years had a higher

JMIR Form Res 2023 | vol. 7 | e43535 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

level of state anxiety than people from the general population,
as measured with the STAI (mean 47.80, SD 9.78 vs mean
39.50, SD9.27, P=.034).

When analyzing the attitude of the patients toward doctors and
toward the chronic illness itself, it turned out that the study
population accept their illness significantly more than patients
with diabetes from the general population, asindicated by AIS
scores (mean 24.81, SD 7.09 vsmean 32.17, SD 5.96, P<.001).
Interestingly, the patients from our study have less internal
control over health, that is, they feel that their health does not
depend on them as much as expressed by people from the
general population. Thiswasindicated in both age groups (26-35
years. mean 24.81, SD 7.09 vs mean 32.17, SD 5.96, P<.001,;
>35 years. mean 24.87, SD 5.71 vs mean 23.57, SD 2.37,
P=.012). Furthermore, our study participants aged 26-35 years
feel significantly more that their health depends on others,
especially on their doctors and medical personnel, compared to

https://formative.jmir.org/2023/1/e43535
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people from the general population (mean 20.00, SD 4.61 vs
mean 24.50, SD 4.07, P=.003). In turn, the study participants
older than 35 years often consider their health status asthe result
of chance compared to people from the general population (mean
21.05, SD 6.29 vs mean 17.86, SD 6.18, P=.008). In terms of
their expectations toward doctors (PRF), the study participants
expressed less need to gain information (mean 9.68, SD 2.95
vs mean 8.09, SD 2.86, P=.001) and explanations about their
health (mean 10.09, SD 2.79 vs mean 8.2, SD 3.27, P=.001)
that usually people from the general healthy population expect
from their doctors.

The overal life satisfaction of patients with TIDM who
participated in the study seemsto be similar to that declared by
people from the general healthy population (mean 20.37, SD
5.32 vs mean 21.46, SD 4.53, P=.161). All these comparisons
are presented in Table 2.
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Table 2. Outcomes of psychological tests. comparison of study participants with the general population.

Questionnaire General healthy population Studied population of patients with P value®
T1DM? at baseline (N=37)
People,n (%)  Mean (SD) Patients, n (%) Mean (SD)
cIss®
Task-oriented score 151 (100) 56.95 (8.65) 34 (92)d 58.09 (10.33) .581
Emotion-oriented score? 151 (100) 45.16 (9.94) 34 (92) 36.94 (10.65) <.001
Avoidance-oriented score 151 (100) 43.54 (8.64) 34 (92)d 40.78 (9.05) 105
Distraction score® 151 (100) 19.11 (5.51) 34 (92)¢ 16.34 (4.40) .002
Social diversion score 151 (100) 16.42 (3.62) 34 (92)¢ 16.44 (4.09) 979
Brief-COPE®
Active coping? 590 (100) 1.57 (0.79) 37 (100) 2.22 (0.69) .003
Planning? 590 (100) 1.89(0.79) 37(100) 2.30(0.69) .005
Positive reframing? 590 (100) 167 (0.77) 37(100) 1.89(0.54) .020
Acceptance® 590 (100) 1.78(0.77) 37(100) 2.11(0.63) .002
Humor? 590 (100) 0.82 (0.78) 37 (100) 1.16 (0.67) .003
Religion 590 (100) 0.85 (0.85) 37(100) 0.87 (0.95) .900
Use of emotional support 590 (100) 1.66 (0.91) 37 (100) 1.93(0.78) .043
Use of instrumental support 590 (100) 1.56 (0.93) 37 (100) 1.83(0.8) .049
Sdlf-distraction 590 (100) 1.37(0.84) 37 (100) 1.33(0.61) 925
Denial 590 (100) 0.63 (0.71) 37 (100) 0.49 (0.51) 115
Venting? 590 (100) 1.01 (0.69) 37 (100) 1.30(0.67) 011
Substance use 590 (100) 0.37 (0.65) 37(100) 0.32 (0.50) 563
Behavioral disengagement 590 (100) 0.58 (0.06) 37 (100) 0.57 (0.50) .907
Sdf-blame 590 (100) 1.20 (0.76) 37(100) 1.04(0.8) 237
sTAlf
STAI X1 score (males, age 21-40 years) 89 (100) 37.25(8.65) 13 (35)9 38.83(10.77) .613
STAI X2 score (males, age 21-40 years) 89 (100) 39.46 (7.06) 13 (35)¢ 40.83 (9.01) .599
STAI X1 score (males, age 41-54 years) 73 (100) 38.16 (8.53) 7(19)9 39.33(8.08) 716
STAI X2 score (males, age 41-54 years) 73 (100) 42.20 (7.62) 7 (19)9 37.67 (9.29) 211
STAI X1 score (females, age 21-40 years) 90 (100) 36.89 (8.37) 9 (24)9 38.00 (8.93) 699
STAI X2 score (females, age 21-40 years) 90 (100) 43.27 (8.06) 9 (24)9 38.67 (12.19) .268
STAI X1 score (females, age 41-54 years) 97 (100) 41.07 (11.05) 6 (16)9 36.00 (7.18) .106
STAI X2 score? (females, age 41-54 years) 97 (100) 47.80(9.78) 6 (16)9 39.50(9.27) .034
GSES score? 496 (100) 27.32 (5.32) 37(100) 31.08 (2.99) <.001
Pss-10' score? 1830 (100) 16.62 (7.50) 37 (100) 22.14 (4.27) <.001
SWLS score 555 (100) 20.37 (5.32) 37(100) 21.46 (4.53) 161
Al score? 70 (100); data  24.81 (7.09) 37 (100) 32.17 (5.96) <.001
for the general
population with
diabetes
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Questionnaire General healthy population Studied population of patients with P value®
T1DM?at baseline (N=37)
People,n (%)  Mean (SD) Patients, n (%) Mean (SD)
MHLC ' ScaleForm C
Internality score (age 26-35 years)® 70 (100) 27.81 (4.48) 8 (22" 24.38 (3.18) .008
Doctors and other (powerful) people score (age 70 (100) 20.00 (4.61) 8(22)™ 24.50 (4.07) .003
26-35 years)?
Chance score (age 26-35 years) 70 (100) 16.93 (5.60) 8(22)" 19.0 (6.57) .392
Internality score (age>36 years)® 485 (100) 24.87 (5.71) 28 (76)™ 23,57 (2.37) 012
Doctors and other (powerful) people score 485 (100) 23.43 (5.88) 28 (76)™ 24.14 (4.26) 403
(age>36 years)
Chance score (age>36 years)® 485 (100) 21.05 (6.29) 28 (76)™ 17.86 (6.18) .008
PRF"
Awaiting dlarification of the disease® 185 (100) 10.09 (2.79) 37(100) 8.2(3.27) .001
Searching for emotional support 185 (100) 5.64 (3.97) 37 (100) 4,91 (3.35) .243
Gaining information® 185 (100) 9.68 (2.95) 37 (100) 8.09 (2.86) .001

3T1DM: type 1 diabetes mellitus.
bp< 05.
CCI'SS: Coping Inventory for Stressful Situations.

dHere, 3 (8%) persons were excluded from the analysis: 1 (33 %) from the 16-24—year and 2 (67%) from the 55-79-year age group. CISS norms for

the general population are divided into group categories.

Brief-COPE: Brief Coping Orientation to Problems Experienced Inventory.

fSTAI: State-Trait Anxiety Inventory.

9Here, 1 (3%) female and 1 (3%) male were excluded from the analysis, from the 55-69-year age group. STAI norms for the general population are

divided into gender and age categories.

NGSES: Generalized Self-Efficacy Scale.

'PSS-10: Perceived Stress Scale 10 Items.

ISWLS: satisfaction with Life Scale.

Kals: Acceptance of Iliness Scale.

IMHLC: Multidimensional Health Locus of Control.

MHere, 1 (3%) person was excluded from the analysis, from the 18-25-year age group. MHLC norms for the general population are divided into age

categories.
"PRF: Patient Requests Form.

Results of the Second Part of the Analysis

A comparison between the 2 groups created within the study
patients with TAIDM after randomization and after 3 months
fromtransition (AHCL group with the control group) at theend
of the study are presented here.

The AHCL group reported an increase in the QoL in 4 scales:
feeling well, which indicates global well-being (score 2.3, 95%
Cl 0.1-4.6, P=.042); working, which isamanifestation of work
satisfaction, flexibility at work, and the possibility to fulfill all
tasks at work (score 2.8, 95% CI 0.7-4.9, P=.012); eating as |
would like, which shows emotional freedom in terms of eating,
pleasure connected with eating, and the flexibility of eating
(score 3.1, 95% CI 0.8-5.4, P=.011); and doing normal things,
which showsthe emotional subjective feeling of agiven person,

https://formative.jmir.org/2023/1/e43535

that they may function normally, not being limited by the disease
(score 2.8; 95% CIl 0.2-5.4, P=.034). The level of anxiety
significantly decreased in the AHCL group: STAI X1 scores
showed that the AHCL group was less anxious in a given
moment (score —6.8, 95% Cl -11.8 to -1.8, P=.009), as
confirmed by STAI X1 stens (score—1.4, 95% Cl —2.5t0 -0.3,
P=.013). In addition, STAI X2 scores showed that the general,
long-term level of anxiety turned out to be lower in the AHCL
group (score—3.5, 95% CI —6.5 to —0.5, P=.022). Furthermore,
the AHCL group became more emotion oriented, which shows
they unblocked their emotions when in a stressful situation
(CISS E; score 1.1, 95% CI -2.2 to 0.0, P=.043) and
significantly lesstend to self-blame after 3 months of the study
(score—0.5, 95% Cl -0.9t0—0.09, P=.020). All between-groups
differences were adjusted for baseline values (Table 3).
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Table 3. Outcomes of psychological tests: comparison of treatment and control groups at baseline and at the end of the study.

Category Treatment arm Control arm Estimated difference  95% ClI P value
(AHCL2—MDIP)°
Baseline MiniMed Baseline MDI+SMBGY
780G AHCL
ciss®
Task-oriented score  60.67 (7.59)  58.44(11.24) 53.75(1353) 54.75(1359) 4qf -10t02.0 213
Task-oriented sten 6.44(176)  611(200) 533(232) 553(1.88)  1qf -100t02.0  .237
Emotion-oriented score  37.33(9.47)  32.78(7.04)  365(1151) 37.12(13.17) —4.9 -104t006  .077
Emotion-orientedsten® 406 (1.83)  317(129  383(209)  419(259)  -11 221000  .043
Avoidance-oriented 37.33(9.47) 3956(5.96) 40.88(10.89) 36.75(10.02) 2.8 —21t078  .249
score
Avoidance-oriented  4.83(1.92)  450(1.34) 513(226) 4.40(184) 0.2 -07tol2  .602
sten
Distraction score 15.94 (4.17) 1561(4.65) 16.94(4.80) 15.00(4.65) 0.9 -18t037  .506
Distraction sten 428(141)  4.28(1.07) 475(1.84)  4.00(L67) 0.4 061013 468
Social diversonscore  17.00(3.30)  1650(3.70)  15.80(4.90) 14.80(450) o qf -1t04.0 243
Social diversionsten  5.70(150)  5.60(1.60)  510(230) 4.80(210) 05 -07tol6  .408
Brief-COPE"
Active coping 241(048)  226(0.36) 200(0.80) 220(062) 0.1 -04t001  .278
Planning 2.44 (0.60) 2.28 (0.45) 2.10(0.82) 2.00 (0.57) of -0.5t00.5 .350
Positive reframing 200(052) 228(045) 180(062) 173(082) g Otol .094
Acceptance 2.28(055)  2.28(048)  203(0.74)  2.00(057) 0.2 -02t005  .316
Humor 116(0.81])  1.03(0.69)  1.10(0.47)  123(056) 0.2 0510004 .091
Religion 0.97(1.04)  116(L08)  0.93(0.92) 093(0.94) 0.2 -02t006  .287
Use of emotional sup-  2.09 (0.67) 2.06 (0.61) 1.78 (0.93) 1.72 (0.89) 0.2 -0.3t00.6 470
port
Use of instrumental 200(0.61) 200(052)  1.60(1.04)  1.63(092) 08 021019 570
support
Self-distraction 1.38(053)  1.44(048)  127(065)  110(051) 03 0041006 .079
Denial 0.38(045) 0.38(0.45)  062(056)  0.66(0.60) -0.2 -05t002  .341
Venting 134(057)  116(054)  133(0.77)  133(049) 02 -05t00.1  .261
Substance use 032(043)  029(044)  025(041)  022(041) ¢ 0t005 577
Behavioral disengage- 0.53(0.46)  0.69(0.57)  0.60(057)  0.63(052) 01 -03t005  .706
ment
Salf-blamed 1.09(0.88)  0.81(0.68)  0.83(0.67) 113(0.85) -05 -09t0-0.09 .020
STAI
STAI X1 scored 38.00(9.30) 3450(7.80) 35.00(8.80) 38.70(12.90) -6.8 -11.8t0-1.8 .009
STAI X1 sten9 520(220)  460(200) 450(230) 530(3.00) -14 —25t0-03  .013
STAI X2 scored 41.00(850) 37.60(8.40) 37.90(950) 38.30(9.70) -35 -65t0-05 .02
STAI X2 sten 500(250) 430(270) 410(230) 450(220) <0001 -1t02.0 589
GSEY
GSES score 30.45(2.07) 31.82(3.89) 3175(372) 30.25(5.74) 2.7 -11to65  .156
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Category Treatment arm Control arm Estimated difference  95% ClI P value
(AHCL2—MDIP)°
Baseline MiniMed Basdline MD|+SMBGd
780G AHCL

GSES sten 6.91 (0.83) 7.27 (1.35) 7.17 (1.4) 6.67 (2.27) 0.8 -0.6t02.2 .226
PSS-10¢

PSS-10 score 2258(3.04) 21.79(3.22) 2156(555) 21.75(4.14) 025 —2.7t021 .833

PSS-10 sten 7.47 (0.90) 7.16 (0.96) 7.12 (1.67) 7.19 (1.42) -0.1 -0.9t00.6 717
SWLS

SWLS score 20.72(3.29) 21.94(458) 21.56(498) 21.69(6.11) 1.0 -1.9t03.8 496

SWLSsten 5.67 (1.08) 6.11 (1.71) 5.81(1.83) 6.00 (2.19) -2 -0.08t01.3  .662
AIS™ score 31.79(6.01) 32.89(5.74) 3212(5.94) 30.88(6.11) 114 —-6.6t0295 171
MHLC" Scale Form C

Internality score 26.16 (4.50) 25.89(4.88) 24.12(6.4) 25.09(5.09) 047 -3.0t04.0 .785

Doctors and other 2521 (5.64) 24.16(4.21) 23.81(4.74) 2353(5.82) -01 -3.0t02.8 .928

(powerful) people score

Chance score 1811(5.92) 16.58(5.15) 20.44(5.98) 21.69(6.11) -14 -4.0t01.2 .283
PRF°

Awaiting clarification  9.25 (2.91) 7.88 (3.74) 7.46 (3.67) 9.00 (3.24) 1f 01t0 4.0 .369

of the disease

Searching for emotional  5.67 (3.2) 4.67 (4.06) 5.12 (4.29) 4.88 (3.40) -0.3 —4.3t03.6 .854

support

Gaining information 8.94 (2.43) 8.38 (2.85) 7.27 (3.33) 8.13 (3.36) -0.8 -2.8t01.2 425
QoL -Q Diabetes”

Global QoL 9 score 187.20(32.00) 202.50(54.20) 173.87(46.24) 173.60(53.34) 19.9 -17.7t057.6 .287

QoL family relation- 9.90 (3.40) 10.00 (3.50) 8.27(3.13) 10.20(349)  <_go01f —2.99t020 .604

ships/friendships

QoL goingout or socid-  8.20 (2.70) 8.00 (2.80) 8.07 (3.43) 9.33(2.97) -1.02 -3.1t01.0 311

izing

QoL partner/spousere-  9.80 (3.00) 9.70 (4.00) 9.53(3.34) 9.73 (4.10) -0.1 -3.0t02.38 .943

|ationship

QoL enjoying sexua 8.40 (2.30) 8.80(3.10) 8.71(2.43) 9.21(3.92) -0.32 -29t02.3 797

activity

QoL being physically 80 (2.10) 8.80(2.80) 7.47 (3.14) 8.36 (3.08) 0.71 -17t03.1 .544

active

QoL fedling well9 7.90 (3.20) 9.80 (3.10) 6.73(3.31) 7.87(3.38) 2.3 0.1t04.6 .042

QoL feelingin control  7.90 (2.50) 8.70(3.40) 7.50 (2.44) 8.93(3.59) <—0.001f -2.0t02.0 .801

of my body

QoL looking good 7.20 (2.20) 7.70 (2.50) 7.79 (2.78) 8.20 (3.38) 0.3 -16t02.3 718

QoL having holidays ~ 8.90 (3.50) 9.30 (3.40) 6.93 (3.01) 7.53 (2.59) 13 -0.9t035 234

QoL working? 740(200)  1040(290) 7.93(415)  733(302) 27 0.7t04.6 .010

QoL affording the 8.70 (2.70) 8.90 (3.60) 8.20 (3.47) 8.07 (3.20) 14 -0.9t03.7 214

things | would like

QoL driving 8.60 (3.40) 9.10 (3.20) 7.80 (4.18) 7.93 (3.79) 0.9 -1.2t03.1 .393

QoL practicing my reli-  8.40 (3.90) 8.40 (3.80) 7.18 (4.33) 6.30 (3.92) 0.9 -0.7t02.6 .249

gion

QoL sleeping 8.60 (2.50) 9.8(3.3) 7.27 (2.09) 7.50 (4.31) 21 -0.3t04.5 .087
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Category Treatment arm Control arm Estimated difference  95% ClI P value
(AHCL2—MDIP)°
Basdline MiniMed Baseline MDI+SMBGY
780G AHCL
QoL eating as| would  4.90 (2.70) 7.1(3.3) 3.87 (1.88) 4.07 (2.62) 31 0.8to5.4 .011
like?
QoL looking after or ~ 8.90 (2.20) 8719 7.33(2.47) 7.31(3.30) 20f -4.5t04.0 .081
being useful to others
QoL pets/animals 7.70 (1.90) 8.80 (3.70) 7.09 (2.88) 6.44 (2.35) 21 -0.1to4.4 .065
QoL beingindependent 9.70 (3.20) 11.10(3.10)  9.80(2.93) 9.62 (3.73) 15 -0.7t03.8 178
QoL beingincontrol of 9.20 (3.20) 10.60 (3.50) 9.20(3.21) 8.57 (4.26) 17 -1.0to 4.5 .208
my life
QoL being spontaneous  6.50 (2.70) 6.50 (2.70) 6.67 (3.62) 6.67 (3.62) 1f —2.0t04.0 430
QoL doing a“norma”  7.60 (2.90) 9.90 (3.70) 8.33(3.66) 8.21 (3.85) 2.8 0.2t05.4 .034
thing?
QoL beingtreatedas  9.00 (2.90) 9.30 (4.10) 9.40 (3.14) 9.36 (4.29) 05 -2.7t03.7 .750
“normal”
QoL having confidence 9.00 (2.20) 9.30(3.30) 8.20(3.21) 8.29 (4.10) -0.9 -2.8t00.9 .310

3AHCL: Advanced Hybrid Closed Loop.
BMDI: multiple daily injection.

CAnalysis of covariance (ANCOVA) with adjustment for the baseline value. The mean differenceis presented.

dSMBG: self-monitori ng of blood glucose.
€CISS: Coping Inventory for Stressful Situations.

fWwilcoxon rank-sum test was applied when ANCOVA assumptions were not meet.

9p<.05.

PBrief-COPE: Brief Coping Orientation to Problems Experienced Inventory.

ISTAI: State-Trait Anxiety Inventory.

IGSES: Generalized Self-Efficacy Scale.

KPSS-10: Perceived Stress Scale 10 Items.

'SWLS: satisfaction with Life Scale.

MAIS: Acceptance of |lIness Scale.

"MHLC: Multidimensional Health Locus of Contral.

OPRF: Patient Requests Form.

PQoL -Q Diabetes: Quality of Lifein Diabetes Questionnaire.
9QoL: quality of life.

Discussion

Principal Findings

Our study aimed at evaluating adult patients with TIDM who
after many years of MDI treatment and SMBG using a blood
glucose meter (BGM) had their treatment changed directly to
the MiniMed 780G AHCL system. First, we showed that in
comparison to the general healthy population, our studied
population before the transition was characterized by a higher
level of stress but at the same time higher self-efficacy and
better coping strategies. Furthermore, we revealed that during
thefirst 3 months of the treatment change from MDI and SMBG
directly to the AHCL system, the patients experienced
improvement in various aspects of QoL and also experienced
a decrease in anxiety and the feeling of guilt. In addition, the
mental well-being of the transitioned patients did not deteriorate

https://formative.jmir.org/2023/1/e43535

in any of the examined patients. In the control group, the
examined parameters stayed unchanged.

We decided to carry out a 2-stage analysis: first to check the
general psychological parameters of all the patientswith TIDM
who enrolled in the study. This was an interesting population
of patients who had never before decided to use modern
technologies in their diabetes management and now they had
decided to overcome their earlier habits and attitudes toward
modern technol ogies. We wanted to make acomparison of their
psychological characteristics to the general Polish population
and then check the between-group differences after the
randomi zation process and 3-month study, when one part of the
group underwent the transition in treatment and the other part
became the control group, without achange in treatment. From
a psychological point of view, this is a significant change in
terms of diabetes control—thelevel of responsibility of glucose
level control, calculation of the insulin dosage, and reactions
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to the blood glucose level resulting from a proper medical
decision 24 hours a day shifted to the insulin pump, which is
highly automatized. Thanksto the automation, the pump reacts
independently of the patient to glucoselevel changes, protecting
the patient from both hypo- and hyperglycemia. This requires
a change in the control level that the patients got used to over
many years of treatment [10,11]. To the best of our knowledge,
thereisno study carried out so far that has examined in adirect
way the psychological reaction to a direct change of treatment
from the traditional way of treatment to the most modern one
available.

Another change concernsthe self-image. Treatment with insulin
injections with the use of a pen and monitoring the glucose
blood level with a traditional BGM usually require several
measurements and afew injections per day. The MiniMed 780G
AHCL system is connected with a permanent personal insulin
pump, sensor, transmitter, CGM S, and infusion set being placed
on the body. The system has alarms set, which can be heard by
people around. We assumed that for some patients, thiskind of
change might not have any special meaning and they would get
used to it easily, but for others, it could be connected with the
need to overcome some level of resistance, discomfort, or even
shame resulting from—for some of the patients—the specific
coming out of being diabetic, for example, in the workplace
[27,28,30-33]. Nowadays, children and adolescents are usually
treated with modern technologies (personal insulin pump,
CGMYS) immediately after being diagnosed or soon after the
diagnosis. The sameisoffered to adults diagnosed with TIDM,
although inthisgroup of patients, finances are often alimitation.
The patientsin our study weretreated with traditional intensive
insulin therapy for many years before—some of them for over
30 years. They developed their identity around the traditional
method of treatment, and the possibility to use the MiniMed
780G insulin pump was area -life breakthrough [30,31].

Analyzing the initial psychological parameters of the patients
who enrolled in the study, we observed that this group of
patients had good coping strategiesto deal with stress—to some
extent even more efficient than the general population. We
believe that the patients worked out stress adjustment during
many years of dealing with diabetes, and at the same time,
perhapsthose psychol ogical resources encouraged them to apply
for participation in the study and then alowed optimal
adjustment to the new method of treatment. Our results also
indicate that in terms of diabetes education, the patients
expressed no special needs apart from learning how to use the
new pump/CGMS.

We applied as many as 10 questionnaires to make sure that we
properly monitored various aspects of the patients’ psychological
functioning. None of the patients from the study reacted
negatively, with aroused levels of stress or inconvenience. The
level of stress, ways of dealing with difficult situations, and
acceptance of theillness did not have any negative responsein
comparison to the control group after 3 months of treatment. In
addition, after the 3-month period of application of the MiniMed
780G AHCL system, the level of anxiety—both state anxiety
and trait anxiety—was significantly lower than in the control
group. Thisis especially important when we consider the fact
that for many patients with T1DM, the source of constant

https://formative.jmir.org/2023/1/e43535
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anxiety isthe possihility of having hypoglycemiaduring various
daily activities, as indicated by researchers [32-35], but also,
they often face fear connected with the possibility of developing
late complications[36]. Thus, the decreasein anxiety may result
not only from the protection from hypoglycemia, which is
ensured by the closed-loop system, but a so from the awareness
that the TIR, which was significantly higher in thisgroup, allows
the patients to get more confidence in their long-term better
health and lower risk of late complications.

Essential is the significant increase in the QoL of the AHCL
group in 4 important areas: feeling well, working, eating as |
would like, and doing normal things.

Knowledge about the QoL is important for understanding the
consequences of illness and treatment and for medical
decision-making across age groups and cultures. The QoL is
an important end point in medical and health research, and QoL
research involves avariety of target groups and research designs
[37]. Numerous demographic and psychosocia factorsinfluence
the QoL. Studies of clinical and educational interventions
suggest that improving patients health status and perceived
ability to control their diseaseresultsinimproved QoL [38-40].

Our study revealed that not only did a change in the treatment
method from MDI and SMBG with a BGM directly to the
MiniMed 780G AHCL system not worsen the subjective
assessment of the QoL of the patients, but they also felt better
in a significant way in general, experienced improvement in
their working place, felt more “normal and free” in their
everyday eating, and could more easily state that they can do
normal things. In addition, the patients from the AHCL group
experienced less feelings of guilt at the end of the study and
could more easily be in contact with their emotionsin stressful
situations. This may relate to the fact that the improvement in
diabetes control and shift in responsibility for glucose level
results from the patient to the highly automatized insulin pump
unblocked the burden of responsibility the patients had to deal
with before and allowed them to be more focused on emotions
connected with a given life situation and not so much on
diabetes.

All the metabolic parameters and changes obtained during the
study in terms of glucose control (TIR, HbA ., etc) are presented

in Ref. [7].

Limitations of the Study

One limitation of the study was the short period of observation
(3 months), but as the study continues, we will keep on
monitoring the psychological parameters and conduct further
analyses after a year of study progress. In addition, when
drawing conclusions connected with possible psychological
outcomes connected to transition from MDI and SMBG
treatment directly to the MiniMed780G AHCL system in
patientswith TIDM naive to technol ogy, we must consider the
fact that the patientsin our studied group were highly motivated
and had good psychological resources. Furthermore, they had
regular control visits and could easily consult with the medical
team about all their doubts (the frequency of visits was higher
in comparison to standard therapy). In real-life conditions, this
isnot always easily available.

IMIR Form Res 2023 | vol. 7| e43535 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Another limiting factor was the number of comparisons made,
anditislikely that type 1 errors may have occurred. Considering
psychological parameter change/analysis, the studied group was
relatively small. In addition, questionnaires were not
administered in random order, so patient fatigue may have

Cyrankaet a

strategies and self-efficacy. Furthermore, we can conclude that
transition from MDI and SMBG treatment directly to the
MiniMed 780G AHCL system in patients with TADM naive to
technology can not only in a significant way improve glucose
control and metabolic parametersfast asafter 3 monthsbut also

influenced the results. in a noticeable way improve the well-being of patients, giving
them more comfort, freedom, and life flexibility. The rapidity
of these changes suggests that they may be related to significant
improvement in glycemic outcomes but also significantly less

burdened diabetes self-management.

Conclusion

The results indicate that the patients who decided to take part
in the transition study were characterized by a higher level of
stress than the general healthy population but had better coping

Acknowledgments

KC, BM, BKW, AJ, TK, SK, and ML researched the data. KC, BM, and TK wrote the manuscript. BM, OC, JDS, TK, and MTM
contributed to the discussion and reviewed/edited the manuscript. TK wasresponsible for funding acquisition, and BM conducted
project administration.

The main study was supported by Medtronic for supply of the MiniMed 780G insulin pump, the Guardian Link 3 transmitter and
sensor 3, atransmitter dock, and Accu-Check Guide Link glucometers.

Data Availability
Data are available upon reasonabl e request from the corresponding author.

Conflictsof Interest

BM received a speaker's honorarium from Ascensia, Roche, and Medtronic. KC received a speaker's honorarium from Abbott,
Ascencia, and Medtronic. SK received a speaker's honorarium from Medtronic. BKW received a speaker's honorarium from
Ascencia. AJreceived aspeaker's honorarium from Ascencia, Roche, Medtronic, Novo-Nordisk, Elil Lily, Merck, and Boehringer
Ingelheim. TK received a speaker's honorarium from Eli Lilly, Sanofi, Novo-Nordisk, Ascensia, Abbott, Roche, Medtronic,
Boehringer Ingelheim, Bioton, and Servier; is on the advisory panel at Elil Lilly, Sanofi, Boehringer Ingelheim, Ascensia, and
Abbott; and received research support from Medtronic. MTM received a speaker's honorarium from Eli Lilly, Sanofi, Novo
Nordisk, Ascensia, Abbott, Roche, Medtronic, Boehringer Ingelheim, Bioton, and Servier and is on the advisory panel at Elil
Lilly, Sanofi, Boehringer Ingelheim, Ascensia, and Abbott. JDS and OC are employees of Medtronic.

References

1.  Gariani K, Jornayvaz FR. [Newsin diabetology 2020]. Rev Med Suisse 2021 Jan 27;17(723):188-191. [Medline: 33507658]

2. Beck RW, Bergenstal RM, Laffel LM, Pickup JC. Advancesin technology for management of type 1 diabetes. Lancet 2019
Oct 05;394(10205):1265-1273. [doi: 10.1016/S0140-6736(19)31142-0] [Medline: 31533908]

3. Nimri R, Nir J, Phillip M. Insulin pump therapy. Am J Ther 2020;27(1):e30-e41. [doi: 10.1097/M JT.0000000000001097]
[Medline: 31833871]

4.  SoraND, Shashpal F, Bond EA, Jenkins AJ. Insulin pumps: review of technological advancement in diabetes management.
Am JMed Sci 2019 Nov;358(5):326-331. [doi: 10.1016/j.amjms.2019.08.008] [Medline: 31655714]

5. Fuchs J, Hovorka R. Closed-loop control in insulin pumps for type-1 diabetes mellitus: safety and efficacy. Expert Rev
Med Devices 2020 Jul 03;17(7):707-720 [FREE Full text] [doi: 10.1080/17434440.2020.1784724] [Medline: 32569476]

6. Janez A, Battelino T, KlupaT, Kocsis G, Kuricova M, Lali¢ N, et al. Hybrid closed-loop systems for the treatment of type
1 diabetes: a collaborative, expert group position statement for clinical use in Central and Eastern Europe. Diabetes Ther
2021 Dec 25;12(12):3107-3135 [FREE Full text] [doi: 10.1007/s13300-021-01160-5] [Medline: 34694585]

7. Matgko B, uza A, Kie¢-Wilk B, Cyranka K, Krzyzowska S, Chen X, et al. Transitioning of people with type 1 diabetes
from multiple daily injections and self-monitoring of blood glucose directly to MiniMed 780G advanced hybrid closed-loop
system: atwo-center, randomized, controlled study. Diabetes Care 2022 Nov 01;45(11):2628-2635. [doi: 10.2337/dc22-0470]
[Medline: 35972259]

8.  Medtronic. MiniMed 780G, Advanced Hybrid Closed-Loop System. URL : https.//www.medtronic-diabetes.co.uk/
insulin-pump-therapy/ [accessed 2021-11-24]

9. HoodKK, Laffel LM, Danne T, Nimri R, Weinzimer SA, Sibayan J, et al. Lived experience of advanced hybrid closed-loop
versus hybrid closed-l1oop: patient-reported outcomes and perspectives. Diabetes Technol Ther 2021 Dec 01;23(12):857-861
[FREE Full text] [doi: 10.1089/dia.2021.0153] [Medline: 34270328]

10. Carlson AL, Sherr JL, Shulman DI, Garg SK, Pop-Busui R, Bode BW, et al. Safety and glycemic outcomes during the
MiniMed™ advanced hybrid closed-loop system pivotal trial in adolescents and adults with type 1 diabetes. Diabetes
Technol Ther 2022 Mar 01;24(3):178-189 [FREE Full text] [doi: 10.1089/dia.2021.0319] [Medline: 34694909]

https:/formative.,jmir.org/2023/1/e43535 JMIR Form Res 2023 | vol. 7| e43535 | p. 12

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33507658&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(19)31142-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31533908&dopt=Abstract
http://dx.doi.org/10.1097/MJT.0000000000001097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31833871&dopt=Abstract
http://dx.doi.org/10.1016/j.amjms.2019.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31655714&dopt=Abstract
https://europepmc.org/abstract/MED/32569476
http://dx.doi.org/10.1080/17434440.2020.1784724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32569476&dopt=Abstract
https://europepmc.org/abstract/MED/34694585
http://dx.doi.org/10.1007/s13300-021-01160-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34694585&dopt=Abstract
http://dx.doi.org/10.2337/dc22-0470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35972259&dopt=Abstract
https://www.medtronic-diabetes.co.uk/insulin-pump-therapy/
https://www.medtronic-diabetes.co.uk/insulin-pump-therapy/
https://europepmc.org/abstract/MED/34270328
http://dx.doi.org/10.1089/dia.2021.0153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34270328&dopt=Abstract
https://europepmc.org/abstract/MED/34694909
http://dx.doi.org/10.1089/dia.2021.0319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34694909&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Cyrankaet a

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

DaSilvaJ, Lepore G, Battelino T, Arrieta A, Castafieda J, Grossman B, et al. Real-world performance of the MiniMed™
780G system: first report of outcomes from 4120 users. Diabetes Technol Ther 2022 Feb 01;24(2):113-119 [FREE Full
text] [doi: 10.1089/dia.2021.0203] [Medline: 34524003]

CollynsOJ, Meier RA, BettsZL, Chan DSH, Frampton C, Frewen CM, et al. Improved glycemic outcomes with Medtronic
MiniMed advanced hybrid closed-loop delivery: results from arandomized crossover trial comparing automated insulin
delivery with predictive low glucose suspend in people with type 1 diabetes. Diabetes Care 2021 Apr;44(4):969-975. [doi:
10.2337/dc20-2250] [Medline: 33579715]

Fisher L, Polonsky WH, Hesdler D. Addressing diabetes distressin clinical care: apractical guide. Diabet Med 2019
Jul;36(7):803-812. [doi: 10.1111/dme.13967] [Medline: 30985025]

Muscatello MRA, Troili GM, Pandolfo G, Mento C, Gallo G, Lanza G, et al. [Depression, anxiety and anger in patients
with type 1 diabetes mellitus]. Recenti Prog Med 2017 Feb;108(2):77-82. [doi: 10.1701/2636.27098] [Medline: 28287201]
Wunna W, Tsoutsouki J, Chowdhury A, Chowdhury TA. Advances in the management of diabetes: new devices for type
1 diabetes. Postgrad Med J 2021 Jun;97(1148):384-390. [doi: 10.1136/postgradmed;j-2020-138016] [Medline: 32820087]
Young-Hyman D, de Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M. Psychosocial carefor people with diabetes:
a position statement of the American Diabetes Association. Diabetes Care 2016 Dec;39(12):2126-2140 [FREE Full text]
[doi: 10.2337/dc16-2053] [Medline: 27879358]

American Diabetes Association. Standards of medical care in diabetes - abridged for primary care providers. Clin Diabetes
2022 Jan;40(1):10-38 [FREE Full text] [doi: 10.2337/cd22-as01] [Medline: 35221470]

Bispham JA, Hughes AS, Driscoll KA, McAuliffe-Fogarty AH. Novel challengesin aging with type 1 diabetes. Curr Diab
Rep 2020 Mar 20;20(5):15. [doi: 10.1007/s11892-020-01298-9] [Medline: 32198703]

Endler NS, Parker JD. Multidimensional assessment of coping: acritical evaluation. JPers Soc Psychol 1990;58(5):844-854.
[doi: 10.1037/0022-3514.58.5.844]

Carver CS, Scheier MF, Weintraub JK. Assessing coping strategies: atheoretically based approach. J Pers Soc Psychol
1989;56(2):267-283. [doi: 10.1037/0022-3514.56.2.267]

Marteau TM, Bekker H. The development of a six-item short-form of the state scale of the Spielberger State-Trait Anxiety
Inventory (STALI). Br J Clin Psychol 1992 Sep;31(3):301-306. [doi: 10.1111/].2044-8260.1992.tb00997.x] [Medline:
1393159]

Schwarzer R, Jerusalem M. Generalized Self-Efficacy Scale. In: Weinman J, Wright S, Johnston M, editors. Measuresin
Health Psychology: A User's Portfolio. Causal and Control Beliefs. Windsor, UK: NFER-Nelson; 1995.

Nielsen MG, @rnbgl E, Vestergaard M, Bech P, Larsen FB, Lasgaard M, et al. The construct validity of the Perceived Stress
Scale. J Psychosom Res 2016 May;84:22-30. [doi: 10.1016/j.jpsychores.2016.03.009] [Medline: 27095155]

Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers Assess 2010 Jun 10;49(1):71-75.
[doi: 10.1207/s15327752]pad901 13] [Medline: 16367493]

Mazurek J, Lurbiecki J. [Acceptance of illnessscale and itsclinical impact]. Pol Merkur Lekarski 2014 Feb;36(212):106-108.
[Medline: 24720106]

Wallston KA, Wallston BS, DeVellis R. Development of the Multidimensional Health Locus of Control (MHLC) scales.
Health Educ Monogr 1978 Sep 04;6(2):160-170. [doi: 10.1177/109019817800600107] [Medline: 689890]

Valori R, Woloshynowych M, Bellenger N, Aluvihare V, Salmon P. The Patient Requests Form: away of measuring what
patientswant from their general practitioner. J Psychosom Res 1996 Jan;40(1):87-94. [doi: 10.1016/0022-3999(95)00548-x]
[Medline: 8730648]

Speight J, Woodcock AJ, Reaney MD, Amiel SA, Johnson P, Parrott N, et al. "The QoL-Q diabetes : anovel instrument
to assess quality of life for adults with Type 1 diabetes undergoing complex interventions including transplantation. 2010
Presented at: Diabetes UK Professional Conference; March 2010; Liverpool, UK.

Attribution 4.0 International (CC BY 4.0). Creative Commons. URL : https://creativecommons.org/licenses/by/4.0/ [accessed
2023-01-20]

Verschueren M, OrisL, ClaesL, Moons P, Weets |, Luyckx K. Identity formation in adolescents and emerging adults with
type 1 diabetes. Psychol Health Med 2020 Jun; 25(5):519-529. [doi: 10.1080/13548506.2019.1653482] [Medline: 31469304]
Raymaekers K, Prikken S, Vanhalst J, Moons P, Goossens E, OrisL, et al. The social context and illness identity in youth
with type 1 diabetes: athree-wave longitudinal study. J Youth Adolesc 2020 Feb;49(2):449-466. [doi:
10.1007/s10964-019-01180-2] [Medline: 31853683]

Driscoll KA, Raymond J, Naranjo D, Patton SR. Fear of hypoglycemiain children and adol escents and their parents with
type 1 diabetes. Curr Diab Rep 2016 Aug;16(8):77 [FREE Full text] [doi: 10.1007/s11892-016-0762-2] [Medline: 27370530]
Rechenberg K, SzalachalL, Salloum A, Grey M. State and trait anxiety and diabetes outcomesin youth with type 1 diabetes.
Diabetes Educ 2019 Oct;45(5):477-483. [doi: 10.1177/0145721719866146] [Medline: 31364483]

Bloomgarden Z. Fear of hypoglycemia. J Diabetes 2017 Feb;9(2):108-110. [doi: 10.1111/1753-0407.12491] [Medline:
27736014]

Martyn-Nemeth P, Schwarz Farabi S, Mihailescu D, Nemeth J, Quinn L. Fear of hypoglycemiain adultswith type 1 diabetes:
impact of therapeutic advances and strategies for prevention - areview. J Diabetes Complications 2016;30(1):167-177.
[doi: 10.1016/j.jdiacomp.2015.09.003] [Medline: 26439754]

https:/formative.,jmir.org/2023/1/e43535 JMIR Form Res 2023 | vol. 7| e43535 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/34524003
https://europepmc.org/abstract/MED/34524003
http://dx.doi.org/10.1089/dia.2021.0203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34524003&dopt=Abstract
http://dx.doi.org/10.2337/dc20-2250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33579715&dopt=Abstract
http://dx.doi.org/10.1111/dme.13967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30985025&dopt=Abstract
http://dx.doi.org/10.1701/2636.27098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28287201&dopt=Abstract
http://dx.doi.org/10.1136/postgradmedj-2020-138016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32820087&dopt=Abstract
https://europepmc.org/abstract/MED/27879358
http://dx.doi.org/10.2337/dc16-2053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27879358&dopt=Abstract
https://europepmc.org/abstract/MED/35221470
http://dx.doi.org/10.2337/cd22-as01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35221470&dopt=Abstract
http://dx.doi.org/10.1007/s11892-020-01298-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32198703&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.58.5.844
http://dx.doi.org/10.1037/0022-3514.56.2.267
http://dx.doi.org/10.1111/j.2044-8260.1992.tb00997.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1393159&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2016.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27095155&dopt=Abstract
http://dx.doi.org/10.1207/s15327752jpa4901_13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16367493&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24720106&dopt=Abstract
http://dx.doi.org/10.1177/109019817800600107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=689890&dopt=Abstract
http://dx.doi.org/10.1016/0022-3999(95)00548-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8730648&dopt=Abstract
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1080/13548506.2019.1653482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469304&dopt=Abstract
http://dx.doi.org/10.1007/s10964-019-01180-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31853683&dopt=Abstract
https://europepmc.org/abstract/MED/27370530
http://dx.doi.org/10.1007/s11892-016-0762-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27370530&dopt=Abstract
http://dx.doi.org/10.1177/0145721719866146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31364483&dopt=Abstract
http://dx.doi.org/10.1111/1753-0407.12491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27736014&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2015.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26439754&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Cyrankaet a

36. Lundman B, Asplund K, Norberg A. Living with diabetes: perceptions of well-being. Res Nurs Health 1990
Aug;13(4):255-262. [doi: 10.1002/nur.4770130408] [Medline; 2374833]

37. Haraddstad K, Wahl A, Andenass R, Andersen JR, Andersen MH, Beisland E, L1V SFORSK Network. A systematic review
of quality of life research in medicine and health sciences. Qual Life Res 2019 Oct;28(10):2641-2650 [FREE Full text]
[doi: 10.1007/s11136-019-02214-9] [Medline: 31187410]

38. Rubin RR, Peyrot M. Quality of life and diabetes. Diabetes Metab Res Rev 1999;15(3):205-218. [doi:
10.1002/(sici)1520-7560(199905/06)15:3<205::aid-dmrr29>3.0.co;2-0] [Medline: 10441043]

39. Tang TS, Yusuf FLA, Polonsky WH, Fisher L. Assessing quality of lifein diabetes: |1 - deconstructing measuresinto a
simpleframework. Diabetes Res Clin Pract 2017 Apr;126:286-302. [doi: 10.1016/j.diabres.2016.10.007] [Medline: 28190527]

40. Sayyed Kassem L, Aron DC. The assessment and management of quality of life of older adults with diabetes mellitus.
Expert Rev Endocrinol Metab 2020 Mar;15(2):71-81. [doi: 10.1080/17446651.2020.1737520] [Medline: 32176560]

Abbreviations

AHCL: advanced hybrid closed loop

AlS: Acceptance of Illness Scale

ANCOVA: analysis of covariance

BGM: blood glucose meter

Brief-COPE: Brief Coping Orientation to Problems Experienced Inventory
CGMS: continuous glucose-monitoring system
CISS: Coping Inventory for Stressful Situations
CSlI: continuous subcutaneous insulin infusion
GSES: Generalized Self-Efficacy Scale

HbA ... hemoglobin A;.

HCL: hybrid closed loop

MDI: multiple daily injection

MHLC: Multidimensional Health Locus of Control
PRF: Patient Requests Form

PSS-10: Perceived Stress Scale 10 Items

QoL: quality of life

QoL -Q Diabetes: Quality of Life in Diabetes Questionnaire
SMBG: salf-monitoring of blood glucose

STAI: State-Trait Anxiety Inventory

SWLS: Satisfaction with Life Scale

T1DM: type 1 diabetes mellitus

TBR: time below range

TIR: timeinrange

Edited by A Mavragani; submitted 14.10.22; peer-reviewed by G Petrovski, A Szadkowska; comments to author 09.12.22; revised
version received 13.12.22; accepted 13.12.22; published 24.01.23

Please cite as:

Cyranka K, Matejko B, Juza A, Kie¢-WIk B, Krzyzowska S, Cohen O, Da Slva J, Lushchyk M, Malecki MT, Klupa T

Improvement of Selected Psychological Parametersand Quality of Life of Patients With Type 1 Diabetes Mellitus Undergoing Transition
From Multiple Daily Injections and Self-Monitoring of Blood Glucose Directly to the MiniMed 780G Advanced Hybrid Closed-Loop
System: Post hoc Analysis of a Randomized Control Study

JMIR Form Res 2023; 7: 43535

URL: https://formative.jmir.org/2023/1/e43535

doi: 10.2196/43535

PMID:

©Katarzyna Cyranka, Barttomigj Matejko, Anna Juza, Beata Kie¢-Wilk, Sabina Krzyzowska, Ohad Cohen, Julien Da Silva,
Maxim Lushchyk, Macigj T Malecki, Tomasz Klupa. Originally published in IMIR Formative Research (https://formative,jmir.org),
24.01.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https.//formative.jmir.org, aswell asthis copyright and license information must beincluded.

https:/formative.,jmir.org/2023/1/e43535 JMIR Form Res 2023 | vol. 7| e43535 | p. 14
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1002/nur.4770130408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2374833&dopt=Abstract
https://europepmc.org/abstract/MED/31187410
http://dx.doi.org/10.1007/s11136-019-02214-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31187410&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1520-7560(199905/06)15:3<205::aid-dmrr29>3.0.co;2-o
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10441043&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2016.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28190527&dopt=Abstract
http://dx.doi.org/10.1080/17446651.2020.1737520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32176560&dopt=Abstract
https://formative.jmir.org/2023/1/e43535
http://dx.doi.org/10.2196/43535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

