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Aim

To evaluate the effect of a one-year use of an advanced hybrid closed-loop (AHCL) system on the quality of life, level of anxiety, and level of self-efficacy in adults with type 1 diabetes (T1D) previously treated with multiple daily injections (MDI) and naïve to advanced diabetes technology





Methods

A total of 18 participants of a previously published 3-month randomized trial (10 men, 8 women; age 40.9 ± 7.6 years) who were switched directly from MDI/BMG to AHCL completed 12 months of MiniMed 780G™system use (a 3-month randomized trial followed by a 9-month follow-up phase). At month 6 of the study, patients were switched from the sensor GS3 (Continuous Glucose Monitoring) system, powered by Guardian™ Sensor 3) to GS4. Quality of life was assessed using the Polish validated version of the ‘QoL-Q Diabetes’ questionnaire. The level of anxiety was evaluated with the use of the State-Trait Anxiety Inventory (STAI). Self-efficacy was assessed with the General Self-Efficacy Scale (GSES). Results were obtained at baseline and at the end of the study.





Results

Significant increase in QoL was reported in the global score (p=0.02, Cohen d=0.61) and in as many as 11 out of 23 analyzed areas of life: being physically active (p=0.02, Cohen d = 0.71); feeling well (p<.01, Cohen d = 0.73); feeling in control of my body (p<.01, Cohen d = 0.72); looking good (p<.01, Cohen d = 1.07); working (p<.01, Cohen d = 1.12); sleeping (p=0.01, Cohen d = 0.66); eating as I would like (p<.01, Cohen d = 0.79); looking after or being useful to others (p= 0.02, Cohen d = 0.65); being active with pets/animals (p<.01, Cohen d = 0.95); being spontaneous (p=0.02, Cohen d = 0.67); and doing “normal” things (p=0.02, Cohen d = 0.67). Both state (p=0.04, Cohen d = 0.56) and trait (p=0.02, Cohen d = 0.60) anxiety decreased while the general self-efficacy increased (p=0.03, Cohen d = 0.76). No participant stopped the use of the pump.





Conclusion

Adult patients with T1D previously treated with MDI and naïve to modern technologies experienced significant improvement in their psychological well-being after transitioning to the AHCL system after 12 months of treatment.
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Introduction

Quality of life (QoL) is a crucial concept in the assessment of individual functioning, general health, and well-being (1). Health-related quality of life (HRQoL) indicates the impact of chronic disease on the health status of the patient (2, 3). HRQoL assessment allows identifying those aspects of patient functioning that require intervention (4). Evaluation of QoL should be a standard procedure in the assessment of the effectiveness of any newly applied treatment, especially in diabetes - a disease that requires a lot of engagement of the patients in all aspects of their life (5). The use of Continuous Subcutaneous Insulin Infusion (CSII) and Continuous Glucose Monitoring (CGM) used separately are associated with an improvement in glycemic control. Modern technological advances have integrated CSII with CGM systems, where insulin delivery can now be automated by sensor glucose-driven algorithms (6–9).

The move from patient/healthcare provider-based control of glycemia to algorithm (device) driven therapy is associated with major psychosocial changes. A study with patients from the United Kingdom observed that Hybrid Close Loop (HCL) systems at three months improved glucose control, diabetes management, and quality of life measures such as fear and worry of hypoglycemia in young patients with type 1 diabetes (T1D) and their carers (10). Similar observations concern the improvement of metabolic control and quality of life after introducing MiniMed 780G™in an Australian population of children and adolescents (11, 12). On the other hand, the results of studies on the impact of the MiniMed 780G™Advanced Hybrid Close Loop (AHCL) system on the quality of sleep in a population of adolescents were inconsistent (13, 14). There are also some observations indicating that the MiniMed 780G™ system may be helpful in patients with T1D and comorbid mental health issues, but this field requires further thorough investigation (15).

Recently we published a randomized control study in which we indicated that a population of patients with T1D previously naïve to advanced technology, who decided to undergo transition from multiple daily injections (MDI) and self-monitoring of blood glucose (SMBG) directly to the MiniMed 780G™ AHCL, experienced a significant improvement in selected aspects of quality of life: feeling well, working, eating as I would like, and doing normal things in as short time as 3 months after the transition. In addition, the patients from the AHCL group experienced lower levels of stress, fewer feelings of guilt, and could more easily be in contact with their emotions in stressful situations (16, 17). It was the first such study investigating psychological parameters in a population that has undergone the most extreme transformation from naïve to technology to advanced hybrid closed-loop therapy.

In the current study, we aimed to examine whether the improvement in quality of life in the same group of patients changed or was sustained after 1 year of MiniMed 780G™use and if there were any other significant changes in the psychological parameters of the examined population.





Methods

This was a 9-month observational continuation of the previous 3-month randomized controlled trials (RCT) project, in which we compared the results from the beginning of the study (month 0 with those obtained after 12 months altogether) (8). After the first 3 months of the RCT phase, patients from the AHCL arm continued the follow-up for additional 9 months. The only change in treatment concerned the sensor use – at month 6 the patients were switched from Guardian™ Sensor 3 (GS3) to Guardian™ 4 Sensor (GS4) (calibration-free sensor). The glucose control outcomes were reported by us in a separate research paper (6, 17).

The studied population consisted of 20 T1D technology naïve individuals. After the first 3 months, two male participants withdrew from the study: one due to difficulties in following the protocol and the second due to adhesive issues of infusion sets and sensors during work in high-temperature conditions. A total of 18 patients (10 men, 8 women; age 40.9 ± 7.6 years) completed a 9-month follow-up on a MiniMed 780G™ pump.

The patients filled out a set of questionnaires at the beginning, after 3 months (16), and after 12 months of the study. After the 3 months stage, the control group ended, and the patients from the studied group continued for an observational period of 9 months. The patients had one visit every 3 months during the 9-month follow-up and one more additional visit to change the type of the sensor from Guardian GS3 to GS4. They did not have additional contact with the clinical team but they were able to get technical support from the company helpline when needed.

For these analyses, we compared the results from the beginning of the study with those observed after a year of study continuation. The following tests were used and considered in the analysis:

State-trait anxiety inventory: this is a tool that allows us to assess anxiety defined as a situational state (State Anxiety X1) of the patient and anxiety measured as a relatively stable personality trait (Trait Anxiety X2). The state anxiety scale assesses the current state of anxiety, nervousness, worry, and tension in a given moment of activation of the autonomic nervous system. The trait anxiety scale assesses the tendency of the patient to react with apprehension and worry in general, and anxiety measured here is understood as a trait of personality. Each subscale consists of 20 items (16, 18). Response for X1 assesses the intensity of current feelings evaluated by answering 1) not at all, 2) somewhat, 3) moderately so, and 4) very much so. Responses for X2 evaluate the frequency of feelings in general: 1) almost never, 2) sometimes, 3) often, and 4) almost always (18)

Generalized self-efficacy scale: a self-report scale measuring self-efficacy. It reflects patients’ confidence in the ability to exert control over their own motivation, behavior, and social environment. The construct of perceived self-efficacy reflects the belief that one can perform novel or difficult tasks in various domains of functioning. The scale is a self-administered 10-item tool that requires 4 minutes response time on average. Responses are made on a 4-point scale: 1 = Not at all true, 2 = Hardly true, 3 = Moderately true, and 4 = Exactly true. The results are added to a composite score from 10 to 40. Each item refers to efficient and successful coping from the internal perspective (16, 19).

Quality of life in diabetes questionnaire (20): a tool that assesses the QoL of adults with T1DM. Validation of the Polish version, based on the Mapi Research Trust license, included forward translation by a health professional in clinical psychology and psychiatry, an expert panel analysis of the translation, back translation by a native speaker, and a pilot study on a sample of patients with T1DM. The questionnaire is a self-assessment scale composed of two parts. The first part measures the QoL with diabetes in one out of 23 life areas. In the second part, the patient assesses the importance of each of the 23 aspects of life. The mean value of the global QoL is 138 points and the maximum test result is 345 points. The mean value for a given area is 6, while the maximum for a given area is 15. The higher the result, the better the patient’s QoL (16, 21).

To compare two dependent groups, a paired t-test or a non-parametric alternative when appropriate was used. To compare three or more paired groups, an ANOVA or Friedman test was used. Cohen’s d-effect size (ES) was used to assess the magnitude of the experimental effect. All statistical analyses were performed with R, version 4.2.2.




Ethical considerations

The study was approved by the bioethics committee (no. 1072.61201.8.2020, dated May 28, 2020, trial registry no. NCT04616391). All patients provided written informed consent to participate in this study. The collected data were stored anonymously on an encrypted disc in the hospital according to recommendations from the bioethics committee. The participants did not receive any financial compensation for participation in the study.






Results

The baseline characteristics of the examined population are presented in Table 1.


Table 1 | Characteristics of the studied population at baseline (N=18; 10 men, 18 women).



The metabolic outcomes of the patients are available in the research paper by Matejko et al. (17) and are presented below in Table 2.


Table 2 | Metabolic outcomes, 12 months of follow-up.



The results obtained after 3 months are presented in Table 3, while a thorough analysis of the results is presented in separate studies (6, 16).


Table 3 | Psychological results after a 3-month randomized clinical trial.



The results obtained with the use of psychological tests are presented in Table 4.


Table 4 | Outcomes of anxiety, self-efficacy, and quality of life – comparison of results at the beginning and at the end of the study, 12-month follow-up.



As indicated in Table 4, a statistically significant increase in QoL was reported in the global score (p=0.02) and in as many as 11 out of 23 analyzed areas of life: being physically active (p=0.02), feeling well (p<.01), feeling in control of my body (p<.01), looking good (p<.01), working (p<.01), sleeping (p<.01), eating as I would like (p<01), looking after or being useful to others (p= 0.02), being active with pets/animals (p<01), being spontaneous (p=0.02), and doing “normal” things (p=0.02). Both state (p=0.04) and trait (p=0.02) anxiety decreased while general self-efficacy significantly increased (p=0.03).

There were no domains where a reduction in quality of life was apparent.





Discussion

To the best of our knowledge (17), this is the first long-term follow-up study investigating the psychological well-being of adult people with T1D previously naïve to diabetes technology (treated with MDI and SMBG) who experience a direct switch to the AHCL system with novel calibration-free sensors, and the sustainability of the obtained changes in their quality of life. The aim was to evaluate the effect of a one-year use of an advanced hybrid closed-loop system on the quality of life, level of anxiety, and level of self-efficacy in adults previously treated with multiple daily injections and naïve to advanced diabetes technology. The main focus was the adjustment to the new technology not to the glucose levels, although it was also an important factor connected with the new technology use.

Evaluation of patients’ QoL is a well-grounded indicator of the effectiveness of provided healthcare and may be helpful for health professionals and healthcare policymakers in their efforts to improve the well-being of patients (22). In the research paper presenting results after 3 months of transition (16), we reported that the patients experienced a significant increase in four aspects of QoL: feeling well, working, eating as I would like, and doing normal things. This was a substantial change that could be directly associated with a greater level of freedom and safety connected with the change in treatment. However, it became crucial to investigate if changes were not only the result of the initial excitement of the patients, and if the changes could be sustained over time and expanded into other, more specific, aspects of the life of the examined patients. Thus, the 9-month follow-up observation was carried out.

We found that after a year of the study not only were the previously indicated four life areas sustained as much more satisfactory than before the study, but the patients evaluated their quality of life as significantly better in another seven areas: being physically active, feeling in control of my body, looking good, sleeping, looking after or being useful to others, being active with pets/animals, and being spontaneous. An in-depth exploration of those aspects shows that, with time, the patients adjusted to the MiniMed 780G™ pump and more willingly started to experience various life activities, including social relations.

Although there were no radical changes in the food choices of the examined patients, they experienced a greater feeling of freedom in terms of eating. The higher level of freedom in physical activity could be explained by the fact that patients on a hybrid closed loop achieve better glycemic control during their everyday activities (23) and thus they are more willing to undertake various spontaneous activities, such as playing with pets. Patients claimed to feel much more spontaneous than during previous treatment methods. Also worthy of note is that, although the patients started to wear a tethered personal insulin pump (with connecting tubes) and sensors on their body, their subjective assessment of their attractiveness also increased, which can be connected with their general better functioning (24). It is worth mentioning in this respect that even issues of intimacy assessed by asking QoL with regard to enjoying sexual activity showed positive trends (p=0.08).

The observed improvement in sleep quality is consistent with a study on children and young adults with T1D (and their parents) on 780G, but this observation was from a shorter period of time (25, 26). The possible factors contributing to the improvement in the quality of sleep could be fewer hypoglycemia episodes, lower glucose variability, and no need for calibration since the G4S introduction in the course of our follow-up study.

The improvement in the quality of life of the patients undergoing the transition increased not only in the 11 subscales measured but also in the global score of the QoL. This suggests that the patients were not only able to obtain better functioning in selected aspects of their life with diabetes but also that after the 12 months of the study, they achieved generally better life satisfaction, self-esteem, well-being, and meaning of life (2). The improvement in the global indicator of QoL observed in our study can be associated with many component factors found also in other studies (11, 12), such as less exhaustion, more energy, less stress while on AHCL, less thinking about the disease, and better diabetes management, and improved diabetes treatment satisfaction may be a possible consequence of reduced worry and increased trust in AHCL (11). These factors might also result in a decrease in diabetes-related emotional distress and, thus, improvement of QoL (12).

When analyzing the possible sources of such essential change, attention should be paid to the issue of anxiety. Patients with diabetes often struggle with the fear of hypoglycemia (20, 27). One of the ways patients with diabetes deal with this fear is to sustain glucose at slightly elevated levels. This may evoke a fear of complications, potentially creating a cycle of anxiety (28). Our patients undergoing the transition in treatment after the year of follow-up experienced a significant decrease in both state and trait anxiety. We suggest that, to a high extent, this could be associated with much lower glucose variability, lower time spent below range (<70 mg/dL and 54 mg/dl), and a greater general metabolic safety of the patients. This, in turn, could potentially be one of the major factors resulting in the increase in QoL.

There was a significant increase in the self-efficacy of the patients. Self‐efficacy is described as a cognitive process where, through environmental and social influence, individuals learn new behaviors that affect their ability to improve future events (29). Enhancing self‐efficacy can improve the clinical outcomes and quality of life for patients living with chronic diseases (29). Self-efficacy is an important factor in the management of self-care among young adults with T1D; which, in turn, can be an important mechanism by which self-efficacy influences HbA1c levels (30). In our analyses, after 12 months of 780 G use, our patients displayed much better self-efficacy. It could be assumed that their better metabolic control gave them a sustained feeling of being able to “grab the disease in required limits” as stated by one of the patients. One can speculate that the treatment diverted cognitive potential from managing glucose and fear of hypoglycemia to expanding patients’ capabilities and potentials. 

During the study, a new calibration-free GS4 sensor during follow-up was introduced which could be one of the additional factors that contributed to the QoL increase (6), especially in terms of quality of sleep. The patients were not woken up by the need for night calibrations, as it was with S3G, and also they did not have to wake up during the night to check their blood glucose with glucometers, as they did before the 780 G pump usage.

The study has some limitations. One of them is the number of participants and we consider it essential to carry out similar investigations on a greater population. Additionally, the patients had the possibility to discuss their psychological well-being with a clinical psychologist throughout the whole period of the study. Throughout the whole study, only three of the patients asked for such a consultation and they were minor ones, not connected directly with the MiniMed 780G™ pump, but the very fact that the patients felt safe because of such a possibility could have some moderating effect on the quality of life. Another limitation is the lack of continuation of the control group; we observed them only during the 3 months of the initial stage as agreed in the protocol, and later on, the observation included only the studied group on the 780G pump. One of the reasons was the ethical aspect – we did not want to block the patients from the control group from their use of modern technologies for as long as 9 additional months.

Some limitations may also arise from the fact that we did not evaluate the quality of life after the switch from sensor S3G to S4G. However, we could not predict at which moment the impact of the switch could be the isolated factor having an impact on the very complex psychological parameters. We assumed that this was rather an additional factor playing a role in the observed improvement, important especially in terms of the quality of sleep, which we touched upon in the discussion. To assume that this one specific factor was so essential for the whole adaptation to the system could be misleading.

In addition, we did not perform individual profile analyses - in some QoL areas the results may be not uniform over patients, and patients’ experiences may diverge over time. However, in this study, we wanted only to show a general trend of change for the whole study group.

Nevertheless, the obtained results show that the transition directly from MDI and SMBG to the MiniMed 780G™ system resulted in substantial growth in quality of life, sustained over time, much better self-efficacy, and a lower level of anxiety. This, combined with the great improvement in metabolic control, can be considered comprehensive progress in the treatment of patients with type one diabetes.
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One-year follow-up period

Metrics Quarter 1 Quarter 2 Quarter 3 Quarter 4

Sensor glucose outcomes

Avg SG (mg/dL) 1323+7.1 133+ 9.8 1376 £ 11.8 136.3 £ 10.2 1348 £9.9
SD of SG (mg/dL) 412+ 5.1 413 £5.5 415+ 7.0 414 +73 414+ 6.2
GMI (%) 6.5+ 02 6.5+ 02 6.6+ 03 6.6+ 0.2 6.5+ 02
% of time SG <54 mg/dL 0.4+ 04 0.4+ 05 02+03 03+03 03+ 04
% of time SG <70 mg/dL 21+14 2115 14+13 15+ 12 17+ 14
% of time SG 70-180 mg/dL 848 + 44 84.1 £53 832+ 65 84.0 + 6.4 84.0 + 5.6
9%of time SG >180 mg/dL 114+ 35 120 £ 5.0 133 +57 123 +5.2 123 + 49
% of time SG >250 mg/dL 14+£10 15+ 1.1 19+17 20+17 17+14

SG, sensor glucose; SD, standard deviation; GMI, Glucose Management Indicator; N, number; Avg, average.
Values are presented by Mean + SD (Median).
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Category Beginning of  End of the study = Cohen'’s d effect size =~ Absolute difference in

the study (12 months) mean scores

M SD M SD

STAI: State-Trait Anxiety Inventory.

STAI X1 score 375 848 33.06 10.25 0.46 4.44 .08
STAI X1 sten 5.12 1.93 3.88 253 0.56 04
STAI X2 score 40.44 8.87 36.56 10.27 0.60 3.88 .02
STAI X2 sten 4.83 2.62 3.83 2.87 0.60 .02

GSES: Generalized Self-Efficacy Scale. ‘

GSES score 304 217 318 3.16 0.76 14 .03
GSES sten 6.9 0.88 7.1 0.99 0.32 42

Qol-Q Diabetes ‘

Global QoL score 18541 32.03 209.94 39.73 0.61 24.53 .02
QoL family relationships/friendships 9.65 324 ‘ 10.94 23 0.35 1.29 A7
QoL going out or socializing 8.5 234 10.06 2.08 0.50 1.56 .65
QoL partner/spouse relationship 9.82 311 10.76 331 032 0.94 20
QoL enjoying sexual activity 825 238 981 358 0.46 1.56 08
QoL being physically active 7.88 215 11.06 3.63 0.71 372 02
QoL feeling well® 7.71 3.14 10.94 295 0.73 2.93 <.01
QoL feeling in control of my body 7.71 239 9.88 3 0.72 2.17 <.01
QoL looking good 7.29 22 9.47 272 1.07 2.18 <.01
QoL having holidays 9.12 352 9.94 3.56 023 0.82 .36
QoL working® 729 1.99 9.76 2.56 112 247 <.01
QoL affording the things I would like 8.65 28 9.06 2.82 0.13 0.41 59
QoL driving 8.53 345 8.82 37 0.08 0.29 75
QoL practicing my religion 847 4.07 9 441 0.16 0.53 82
QoL sleeping 8.62 26 1031 338 0.66 1.69 01
QoL eating as I would like 5.06 2.62 8 397 0.79 2.94 <.01
QoL looking after or being useful to others = 9 228 10.69 241 0.65 1.69 .02
QoL pets/animals 7.69 2.02 10.15 3.18 0.95 2.46 <01
QoL being independent 9.44 3.1 10.62 2.68 0.32 1.18 0.22
QoL being in control of my life 8.94 3.02 10.12 2.36 0.39 1.18 14
QoL being spontaneous 6.27 2.74 8.67 342 0.67 24 02
QoL doing a “normal” thing 747 3 10.13 32 0.67 2.66 02
QoL being treated as “normal” 9.31 291 9.88 3.18 0.21 0.57 Al
QoL having confidence 8.88 2.16 10 2.88 0.59 112 .05
P<0.05.

Bold values mean statistically significant p-value.
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SD

STAI: State-Trait Anxiety Inventory.

STAI X1 score 32.12 7.84
STAI X1 sten 4.06 2.11
STAI X2 score 37.35 8.59
STAI X2 sten 4.18 2.7

GSES: Generalized Self-Efficacy Scale.
GSES score 32 4.31

GSES sten 7.31 1.45

QoL-Q Diabetes

Global QoL score 201.28 55.49
QoL family relationships/friendships 10 3.66
QoL going out or socializing 8.38 2.78
QoL partner/spouse relationship 9.67 4.16
I QoL enjoying sexual activity 8.83 32
QoL being physically active 8.89 2.83
QoL feeling well® 9.83 32
QoL feeling in control of my body 8.83 3.38
QoL looking good 7.67 2.59
QoL having holidays 9.22 3.54
QoL working® 10.41 3
QoL affording the things I would like 9 3.66
QoL driving 9.06 3.28
QoL practicing my religion 8.27 3.95
QoL sleeping 9.47 3.08
QoL eating as I would like 7 3.41
QoL looking after or being useful to others = 8.65 1.97
QoL pets/animals 8.75 3.79
QoL being independent 10.82 3.05
QoL being in control of my life 10.29 3.46
QoL being spontaneous 8.47 4.54
QoL doing a “normal” thing 9.88 3.82
QoL being treated as “normal” 9.29 4.25

QoL having confidence 9.35 337
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