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Background: This study aimed to determine physicians’ perceptions of the extent of suboptimal insulin dosing and the barriers and
solutions to optimal dosing in people with diabetes (PwD) treated with insulin.

Methods: A cross-sectional online survey was conducted in four countries with primary care physicians and endocrinologists treating
PwD using insulin pens, which included 53 questions on physicians’ characteristics and their perceptions of the behaviors of PwD in
relation to insulin dosing routines, unmet needs and potential solutions. Analyses were descriptive.

Results: Of the 160 physicians (80 primary care physicians, 80 specialists) surveyed in Spain, 58.1% were male and 88.8% had been
qualified to practice for more than five years. Most physicians (>65%) indicated that 0-30% of PwD missed or skipped, mistimed, or
miscalculated an insulin dose in the last 30 days. Common reasons for these actions were that PwD forgot, were out of their normal routine,
were too busy or distracted, or were unsure of how much insulin to take. To optimize insulin dosing, over 75% of physicians considered it
very helpful for PwD to have real-time insulin dosing calculation guidance, mobile app reminders, a device automatically recording glucose
measurements and/or insulin, having insulin and glucose data in one place, and having the time for more meaningful conversations about
insulin dosing routines.

Conclusion: According to physicians’ perspectives, suboptimal insulin dosing remains common among PwD. This survey highlights
the need for integrated and automated insulin dosing support to manage the complexity of insulin treatment, improve communications
between PwD and physicians, and ultimately improve outcomes for PwD.

Plain Language Summary: In Spain, more than 50% of people with diabetes (PwD) do not reach glycemic targets (glycated hemoglobin
[HbA1C] under 7%). While there are many innovations in insulin therapy and device technology, treatment adherence is often poor.

This study presents results from an online survey of physicians’ perceptions of insulin dosing and the barriers and solutions to
optimal insulin dosing in Spain. Most physicians indicated that PwD missed or skipped, mistimed, or miscalculated an insulin dose.
Common reasons included PwD being out of their normal routine, being too busy or distracted, or being unsure of how much insulin to
take. To improve insulin dosing, physicians suggested real-time insulin dosing calculation guidance, mobile app reminders, and
a device that automatically records glucose measurements and insulin. Furthermore, having time for more meaningful conversations
about insulin dosing routines was found as a solution to improve insulin dosing.There is a need for integrated and automated insulin

dosing support to manage insulin treatment, improve communications between PwD and physicians, and improve outcomes for PwD.
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Introduction
Diabetes is a severe chronic condition and is becoming a leading cause of blindness, renal failure, lower limb amputation,

and cardiovascular disease.' In 2021, the worldwide prevalence of diabetes was approximately 10.5% among adults aged
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20 to 79 years, and this is estimated to increase to 12.2% by 2045.% In Spain, prevalence rates are estimated to range
between 10% and 15%.

For type 1 diabetes mellitus (T1DM) the current approach for keeping blood glucose levels in a near-normal range is imitating
normal insulin secretion with either continuous subcutaneous insulin infusions or multiple doses of insulin.* Although early
treatment in most individuals with type 2 diabetes mellitus (T2DM) is an oral hypoglycemic agent, the progression to insulin is
common.’

The achievement and maintenance of glycemic control is important to reduce the risk of diabetes-related complications
such as cardiovascular disease and microvascular complications.® Successful disease management is highly challenging for
insulin-treated individuals (who must engage in multiple time-consuming and complex behaviors while trying to live as
normal a life as possible) and for their physicians.” Unsurprisingly, evidence suggests failure to achieve glycemic control at
a population level.® In Spain, 72% of adult individuals with TIDM* and 54.9% to 55.9% of adult individuals with T2DM do
not reach glycemic targets (glycated hemoglobin [HbA1C] under 7%).” As adequate glycemic control reduces the risk of
diabetes-related complications, it is advised that PwD must not miss doses, must take insulin at appropriate times, and take
doses accounting for glucose measurements, carbohydrate intake, and physical activity.®

Despite many innovations in insulin therapy and device technology,’” suboptimal dosing continues to be a barrier to
the achievement of glycemic control.'®'" Moreover, among those receiving insulin therapy, regimen adherence and

intensity may be poor,>'?

resulting in worse glucose control and increased hospital admissions for diabetes-related
complications.'*'* In addition, suboptimal glycemic control contributes to excess morbidity and mortality, negatively
influences patients’ quality of life, and adds to the societal costs of diabetes.'’

For PwD, non-adherence to diabetes management and self-care regimens is common due to patients being busy,
traveling, skipping meals, and stress or emotional problems.'® There are many known factors influencing why a patient
might deliberately skip or miss treatments, including younger age, lower income, higher education, T2DM, unhealthy
diet, increased daily injections, the impact of injections on daily activities, injection pain, and embarrassment.'® Other
factors influencing suboptimal glycemic control include poor adherence to self-monitoring of blood glucose regimens,
poor adherence to prescribed insulin regimens, diabetes distress, and fear of hypoglycemia.'*'> This is a considerable
challenge for insulin treated PwD and the physicians trying to support them.”*®

While the achievement of glycemic control is important to reduce the risk of diabetes-related complications,'” many
insulin-treated PwD are still failing to reach glycemic targets.® With physicians playing a vital role in supporting PwD to
navigate the complexities of diabetes treatment, this study aimed to determine physicians’ perceptions of the extent of
suboptimal insulin dosing in PwD, and the barriers and solutions to optimal insulin dosing. An understanding of these
factors is key to developing coordinated management approaches that integrate the benefits of monitoring, education, and
clinical support to facilitate self-care among PwD.®

Materials and Methods

Study Design

A multi-national, cross-sectional, online survey was conducted in the United Kingdom, the United States of America (USA),
Germany, and Spain to examine insulin dosing, barriers, and potential solutions for PwD from the perspective of both PwD
and physicians. No PwD data was collected in Spain. Findings from the Spanish physician sample are presented here. Details
of the multi-national study are reported elsewhere.'® This study was conducted in accordance with the ethical principles that
have their origin in the Declaration of Helsinki and are consistent with Good Pharmacoepidemiology Practices and applicable
laws and regulations of the country or countries where the study was conducted, as appropriate. The STROBE checklist was
used to inform reporting of the findings.

Participants

Physicians, including general practitioners (GPs) or specialists (diabetologists/ endocrinologists), treating adults with T1DM
and/or T2DM were invited to participate. Physicians were required to provide insulin for adult PwD using insulin pens, have at
least two years of post-graduate experience, and actively see at least five PwD who use insulin pens per week.
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Survey Development

The online questionnaire was informed by a systematic literature review conducted to understand the issues and barriers to
suboptimal dosing,” in discussion with PwD advocates and key opinion leaders in diabetes on issues, behaviors, and barriers to
optimal dosing. The questionnaire consisted of 53 questions covering current treatment routines, insulin dosing routines of
PwD, insulin dosing issues, and solutions, and took approximately 45 minutes to complete (see Supplementary File 1 for

Questionnaire). All sections in the online survey were programmed to prevent the participant from moving on to the next
question before completing the previous item. The questionnaire was pilot tested in the USA via virtual web-assisted telephone
interviews. After refinement the questionnaire was subsequently translated into Spanish using forward translation with a check
of the final version for natural language flow and correctness of medical language.

Recruitment

Physicians were recruited through a company specializing in health outcomes market research. Physicians joined via an
online registration tool, where they were informed about study participation, and completed a series of online screening
questions to confirm eligibility and an electronic informed consent form before data collection commenced. Additional
participants were obtained using peer referral from a list acquisition and custom recruitment methods. The prevalence of
diabetes in Spain was considered, and a soft recruitment quota per country of 160 physicians (GPs: n=80; specialists:
n=80) was applied to maximize the generalizability of the study findings. All participants were recruited from
September 2021 to January 2022. Participants were remunerated for their participation.

Survey Measures
In brief, this analysis included sociodemographic characteristics, missed or skipped, mistimed, and miscalculated bolus/
basal insulin dosing factors, and barriers and solutions for optimizing insulin dosing.

Analysis

All analyses were performed using SAS Version 9.4. Descriptive statistics (eg, total number of participants [N], mean,
median, standard deviation [SD], range for continuous variables, and frequency and percentages with number of subjects
with missing category data for categorical variables) were used to summarize participants’ survey responses. Results are
provided overall and by GP/specialist and, where available, results are provided for people with TIDM and T2DM
separately. Free-text fields for “other” responses were reviewed with similar responses grouped. Responses were grouped
when reported by more than 10% of participants. The answers were then included as an additional category.

Results
Sociodemographic Characteristics, Physician Practice, and Current Treatment

Routines

Of'the total 640 physicians participating in the global survey, 160 (GPs: n=80; specialists: n=80) were recruited in Spain. In the
Spanish sample, 58.1% of physicians were male, 82.5% identified as White race and ethnicity, 88.8% had been qualified to
practice for more than five years, and 81.9% provided care for more than ten PwD using an insulin pen regimen in a week.
Furthermore, 47.5% and 60.6% of physicians identified that over 91% or more of their PwDs treated with insulin were using
insulin pens for TIDM and T2DM, respectively (Table 1). 31.9% and 26.9% of physicians perceived that no more than 30% of
their patients with TIDM and T2DM had adequate control of their glucose levels, respectively.

Missed, Forgot, or Skipped, Mistimed, Miscalculated Bolus/Basal Insulin Dose

Most physicians (>65%) indicated that 0% to 30% of PwD missed or skipped, mistimed, or miscalculated bolus and basal
insulin doses in the last 30 days (Figure 1). More specifically, over 75% indicated that 0% to 30% of PwD missed or
skipped bolus and basal insulin doses with similar findings between TIDM or T2DM. Furthermore, over 65% of
physicians indicated that 0% to 30% of PwD miscalculated bolus and basal insulin doses with a slightly lower percentage
in T2DM patients versus TIDM patients (bolus: 66.3% vs 79.4%, respectively; basal: 81.3% vs 88.8%, respectively).
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Table |1 General Practitioner and Specialist Sociodemographic Characteristics

Characteristic, n (%%) GP Specialist Total Physicians
(n=80) (n=80) (n=160)
Sex
Male 45 (56.3) 48 (60.0) 93 (58.1)
Female 33 (41.3) 32 (40.0) 65 (40.6)
Unknown 2 (2.5) 0 (0.0) 2 (1.3)
Race/ethnicity®
White 64 (80.0) 68 (85.0) 132 (82.5)
Asian 2 (2.5) 0 (0.0) 2 (1.3)
Hispanic/Latino 13 (16.3) 14 (17.5) 27 (16.9)
Other® 4 (5.0 1 (1.3) 5@3.1)
Number of years qualified to practice
2-5 years 15 (18.8) 5(6.3) 18 (11.3)
>5 years 65 (81.3) 75 (93.8) 142 (88.8)
Number of HCPs part of the diabetes care team in practice setting
Small (1-4 HCPs) 10 (12.5) 7 (8.8) 17 (10.6)
Medium (5-15 HCPs) 37 (46.3) 43 (53.8) 80 (50.0)
Large (>15 HCPs) 33 (41.3) 30 (37.5) 63 (39.4)

Type of HCPs part of the treating team managing adult PwD using
insulin pens (T1DM)

Dietician (51.3) 57 (71.3) 98 (61.3)
Nurse or diabetes nurse educator 3(91.3) 75 (93.8) 148 (92.5)
Physical therapist 18 (22.5) 17 (21.3) 35 (21.9)
General practitioner 4 (92.5) 62 (77.5) 136 (85.0)
Endocrinologist 66 (82.5) 77 (96.3) 143 (89.4)
Diabetologist 33 (41.3) 35 (43.8) 68 (42.5)
Other? 1 (1.3) 2 (2.5) 3(1.9)
Type of HCPs part of the treating team managing adult PwD using
insulin pens (T2DM)
Dietician 50 (62.5) 9 (73.8) 109 (68.1)
Nurse or diabetes nurse educator 73 (91.3) 3 (91.3) 146 (91.3)
Physical therapist 18 (22.5) 6 (20.0) 34 (21.3)
General practitioner 73 (91.3) 6 (82.5) 139 (86.9)
Endocrinologist | (63.8) 75 (93.8) 126 (78.8)
Diabetologist 28 (35.0) 34 (42.5) 62 (38.8)
Other? 2 (2.5) 2 (2.5) 4 (2.5)
Physicians’ perception on how often PwD treated with insulin pens
are seen in a clinic (TIDM)
Once a month or more 31 (38.8) 21 (26.3) 52 (32.5)
Once every 2—-3 months 34 (42.5) 32 (40.0) 66 (41.3)
Once every 4-6 months 11 (13.8) 27 (33.8) 38 (23.8)
Every 6 months or less 3 (3.8 0 (0.0) 3 (1.9
Missing® 1 (1.3) 0 (0.0) 1 (0.6)
Physicians’ perception on how often PwD treated with insulin pens
are seen in a clinic (T2DM)
Once a month or more 31 (38.8) 4 (17.5) 45 (28.1)
Once every 2-3 months 30 (37.5) 23 (28.8) 53 (33.1)
Once every 4-6 months 15 (18.8) 2 (40.0) 47 (29.4)
Every 6 months or less 4 (5.0) Il (13.8) 15 (9.4)
Missing® 0 (0.0) 0 (0.0) 0 (0.0)
(Continued)
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Table | (Continued).

Characteristic, n (%%) GP Specialist Total Physicians
(n=80) (n=80) (n=160)

Average adult PwD on an insulin pen regimen seen in a week

5—-10 patients 20 (25.0) 9 (11.3) 29 (18.1)

>10 patients 60 (75.0) 71 (88.8) 131 (81.9)

Number of TIDM PwD using insulin pens

0-30 PwD - - 43 (26.9)

31-90 PwD - - 41 (25.6)

>9| PwD - - 76 (47.5)

Number of T2DM PwD using insulin pens

0-30 PwD - - 27 (16.9)

31-90 PwD - - 36 (22.5)

>91 PwD - - 97 (60.6)

Proportion of T2DM PwD using insulin pens following a basal + bolus

regimen

0-30% - - 64 (40.0)

31-70% - - 67 (41.9)

71-100% - - 29 (18.1)

Proportion of T2DM PwD using insulin pens following a basal only

regimen

0-30% - - 77 (48.1)

31-70% - - 65 (40.6)

71-100% - - 18 (11.3)

Proportion of PwD with adequate control of glucose level (TIDM)

0-30% 27 (33.8) 24 (30.0) 51 31.9)

31-70% 19 (23.8) 34 (42.3) 53 (33.1)

71-100% 34 (41.3) 22 (27.5) 55 (344)

Missing® I (1.3) - | (0.6)

Proportion of PwD with adequate control of glucose level (T2DM)

0-30% 20 (25.0) 23 (28.8) 43 (26.9)

31-70% 40 (50.0) 35 (43.8) 75 (46.9)

71-100% 20 (25.0) 22 (27.5) 42 (26.3)

Notes: *Not all proportions equal 100% as the data was rounded to one decimal place. ®Tick all that apply” response. “Tick all that apply
response”, total number in “Other” category for GPs n=4 (prefer not to say: 3; other: 1) and specialists n=1. “Other types of healthcare
professionals for TIDM and T2DM included: community health nurse, internal medicine, lipidologist, physician, podiatrist, psychologist, renal,
wound assistant, weight management team, cardiologist, preventative medicine, clinical psychologist, obstetrician and gynecologist, and
ophthalmologist. *Missing counts were physicians who had no adult PwD currently using insulin pens (A participating HCP (n=1) met eligibility
criteria for initiating insulin care for PwD using insulin pens but is not currently seeing patients on treatment with insulin pens). Dash means that
the option was not available.

Abbreviations: GP, general practitioner; HCP, healthcare professional; PwD, people with diabetes; TIDM, type | diabetes mellitus; T2MD, type
2 diabetes mellitus.

Physicians’ Perceptions of Reasons for Suboptimal Insulin Dosing by PwD
Physicians perceived similar factors contributed to PwD missing, mistiming, or miscalculating basal/bolus insulin doses.
Differences were seen between GPs and specialists for basal insulin for PwD that wanted to avoid their bloods sugar
getting too low (missed: 23.8% vs 36.3% and mistimed: 16.3% vs 25.0%, respectively). Furthermore, differences
between GPs and specialists were also seen for bolus insulin doses when PwD were not sure how much insulin to
take so they did not take any (missed: 15.0% vs 28.8%; mistimed: 23.8% vs 36.3%, respectively). (Table 2 and Table 3).
Factors identified by physicians for PwD to miss or skip a basal/bolus insulin included they forgot (basal: 67.5%;
bolus: 73.8%), they were out of their normal routine (basal: 46.9%; bolus: 55.0%), they were too busy or distracted
(basal: 44.4%; bolus: 42.5%), or they thought it was OK to miss a dose sometimes (basal: 38.8%; bolus: 53.8%).
Similarly, for mistimed basal/bolus insulin, physicians felt that PwD forgot (basal: 52.2%; bolus: 45.6%), were too busy
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Figure | Physicians’ perceptions of the percentage of PwD (TIDM and T2DM) who missed, forgot, or skipped, mistimed, and miscalculated bolus/basal insulin dose in the
last 30 days. *Not due to skipping a meal.
Abbreviations: PwD, people with diabetes; TID, type | diabetes; T2D, type 2 diabetes.

or distracted (basal: 56.9%; bolus: 51.9%) or were out of their normal routine (basal: 49.4%; bolus: 53.1%). For
miscalculated basal/bolus insulin dose, factors included PwD were out of their normal routine (basal: 55.6%; bolus:

46.3%), were not sure how much insulin to take (basal: 49.4%; bolus: 61.3%), or found it too complicated or burdensome
(basal: 38.1%; bolus: 48.8%).

Barriers Initiating and Titrating Insulin Dosing

For initiating and titrating insulin, 36.3% and 38.1% of physicians found it slightly difficult having a lack of objective
blood glucose data on which to base their decisions (Table 4). For initiating insulin, 41.9% of physicians found taking
their PwD’s lifestyle into consideration slightly difficult. Additionally, physicians found it slightly difficult to get their
PwD to understand the impact of missing, mistiming, or calculating doses for initiating (33.8%) and titrating (35.6%)
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Table 2 General Practitioner and Specialist Perception of Factors That Cause PwD (TIDM and T2DM) to Miss or Skip, Mistime, or Miscalculate Basal Insulin Dose

Main Factors n (%?) GP (n=80) Specialist (n=80) Total Physicians (N=160)
Missed or Mistimed | Miscalculated Missed or Mistimed | Miscalculated Missed or Mistimed | Miscalculated
Skipped® Skipped® Skipped®

They forgot 51 (63.8) 42 (52.5) - 57 (71.3) 42 (52.5) - 108 (67.5) 84 (52.5) -

They were too busy/distracted 31 (38.8) 41 (51.3) - 40 (50.0) 50 (62.5) - 71 (44.4) 91 (56.9) -

They were out of their normal routine 37 (46.3) 40 (50.0) 42 (52.5) 38 (47.5) 39 (48.8) 47 (58.8) 75 (46.9) 79 (49.4) 89 (55.6)

They wanted to avoid their blood sugar getting 19 (23.8) 13 (16.3) 25 (31.3) 29 (36.3) 20 (25.0) 30 (37.5) 48 (30.0) 33 (20.6) 55 (34.4)

too low

They think it's OK to miss a dose sometimes 30 (37.5) - - 32 (40.0) - - 62 (38.8) - -

They were not sure how much insulin to take so 13 (16.3) 16 (20.0) 36 (45.0) 14 (17.5) 15 (18.8) 43 (53.8) 27 (16.9) 31 (19.4) 79 (49.4)

did not take any®

Had an unexpected meal or ate earlier/later - 34 (42.5) - - 16 (20.0) - - 50 (31.3) -

than expected

They did not measure their blood glucose 18 (22.5) - 24 (30.0) 18 (22.5) 19 (23.8) 34 (42.5) 36 (22.5) 36 (22.5) 58 (36.3)

They could not remember when they last took 12 (15.0) 12 (15.0) 19 (23.8) 18 (22.5) 12 (15.0) 18 (22.5) 30 (18.8) 24 (15.0) 37 (23.1)

a dose

They find it too complicated and burdensome 10 (12.5) 5(6.3) 35 (43.8) 11 (13.8) Il (13.8) 26 (32.5) 21 (13.1) 16 (10.0) 61 (38.1)

They did not want to dose in front of others 10 (12.5) 12 (15.0) 11 (13.8) 12 (15.0) 15 (18.8) 19 (23.8) 22 (13.8) 27 (16.9) 30 (18.8)

They sometimes need a break from figuring out/ 4 (5.0) - - Il (13.8) - - 15 (9.4) - -

taking their dose

They were concerned about weight gain 3(3.8) 0 (0.0) - 7 (8.8) 5 (6.3) - 10 (6.3) 5 3.1 -

Notes: *Not all proportions equal 100% as the data was rounded to one decimal place. ®Not due to skipping a meal. “Sick, exercising, unfamiliar food, did not have insulin plan available. Dash means that the option was not available in that

dosing category.

Abbreviations: GP, general practitioner; PwD, people with diabetes; TIDM, type | diabetes mellitus; T2MD, type 2 diabetes mellitus.
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Table 3 General Practitioner and Specialist Perception of Factors That Cause PwD (TIDM and T2DM) to Miss or Skip, Mistime, or Miscalculate Bolus Insulin Doses

Main Factors n (%?) GP (n=80) Specialist (n=80) Total Physicians (N=160)
Missed or Mistimed | Miscalculated Missed or Mistimed | Miscalculated Missed or Mistimed | Miscalculated
Skipped® Skipped® Skipped®

They forgot 57 (71.3) 37 (46.3) - 61 (76.3) 36 (45.0) - 118 (73.8) 73 (45.6) -

They were too busy/distracted 29 (36.3) 38 (47.5) - 39 (48.8) 45 (56.3) - 68 (42.5) 83 (51.9) -

They were out of their normal routine 45 (56.3) 38 (47.5) 32 (40.0) 43 (53.8) 47 (58.8) 42 (52.5) 88 (55.0) 85 (53.1) 74 (46.3)

They wanted to avoid their blood sugar getting 23 (28.8) I'1(13.8) 30 (37.5) 35 (43.8) 27 (33.8) 32 (40.0) 58 (36.3) 38 (23.8) 62 (38.8)

too low

They think it's OK to miss a dose sometimes 44 (55.0) - - 42 (52.5) - - 86 (53.8) - -

They were not sure how much insulin to take so 12 (15.0) 19 (23.8) 44 (55.0) 23 (28.8) 29 (36.3) 54 (67.5) 35 (21.9) 48 (30.0) 98 (61.3)

did not take any®

Had an unexpected meal or ate earlier/later - 36 (45.0) - - 43 (53.8) - - 79 (49.4) -

than expected

They did not measure their blood glucose 30 (37.5) 20 (25.0) 37 (46.3) 24 (30.0) 23 (28.8) 53 (66.3) 54 (33.8) 43 (26.9) 90 (56.3)

They could not remember when they last took 14 (17.5) 16 (20.0) 12 (15.0) 19 (23.8) 16 (20.0) 20 (25.0) 33 (20.6) 32 (20.0) 32 (20.0)

a dose

They find it too complicated and burdensome 14 (17.5) 9 (11.3) 40 (50.0) 14 (17.5) 10 (12.5) 38 (47.5) 28 (17.5) 19 (11.9) 78 (48.8)

They did not want to dose in front of others 12 (15.0) 14 (17.5) 12 (15.0) 17 (21.3) 24 (30.0) 14 (17.5) 29 (18.1) 38 (23.8) 26 (16.3)

They sometimes need a break from figuring out/ 3 (3.8 - - Il (13.8) - - 14 (8.8) - -

taking their dose

They were concerned about weight gain 3(3.8) 2 (2.5 - 7 (8.8) 6 (7.5) - 10 (6.3) 8 (5.0) -

Notes: *Not all proportions equal 100% as the data was rounded to one decimal place. ®Not due to skipping a meal. Sick, exercising, unfamiliar food, did not have insulin plan available. Dash means that the option was not available in that

dosing category.

Abbreviations: GP, primary care physician; PwD, people with diabetes; TIDM, type | diabetes mellitus; T2MD, type 2 diabetes mellitus.
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Table 4 Physician’s Issues Initiating and Titrating Insulin Dosing (n=160)

Initiating Insulin n (%%)

Titrating Insulin n (%%)

Not at all | Neutral | Slightly | Moderately | Extremely | Not at Neutral | Slightly | Moderately | Extremely
Difficult Difficult | Difficult Difficult All Difficult | Difficult Difficult
Difficult
Lack of objective blood glucose data to base my decisions | 18 (11.3) 29 (18.1) | 58 (36.3) | 43 (26.9) 12 (7.5) 16 (10.0) 32 (20.0) | 61 (38.1) | 39 (244) 12 (7.5)
Uncertain how well PwD will follow an insulin regimen 14 (8.8) 24 (15.0) | 59 (36.9) | 49 (30.6) 14 (8.8) 14 (8.8) 33 (20.6) | 72 (45.0) | 33 (20.6) 8 (5.0)
PwD considerations (eg, work schedule, lifestyle) 7 (44) 34 (21.3) | 67 (41.9) | 44 (27.5) 8 (5.0) - - - - -
Motivating PwD to adhere to their prescribed insulin 24 (15.0) 38(23.8) | 55 (34.4) | 36 (22.5) 7 (44) 23 (14.4) 29 (18.1) | 57 (35.6) | 42 (26.3) 9 (5.6)
dose
Getting PwD to understand the impact of missing/ 14 (8.8) 31(194) | 54 (33.8) | 48 (30.0) 13 8.1) 12 (7.5) 31(194) | 57 (35.6) | 47 (29.4) 13 (8.1)
mistiming/ miscalculating doses
Balancing efficacy of the insulin vs avoiding hypoglycemic | 13 (8.1) 43 (26.9) | 62 (38.8) | 32 (20.0) 10 (6.3) 20 (12.5) 38(23.8) | 64 (40.0) | 32 (20.0) 6 (3.8)
episodes
Amount of time it takes to figure out the best approach | 7 (4.4) 52 (32.5) | 49 (30.6) | 37 (23.1) 15 (94) 6 (3.8) 40 (25.0) | 57 (35.6) | 43 (26.9) 14 (8.8)
for a particular PwD
Amount of time it takes to convince and educate the 8 (5.0) 27 (16.9) | 61 (38.1) | 50 (31.3) 14 (8.8) 9 (5.6) 30 (18.8) | 65 (40.6) | 41 (25.6) 15 (9.4)
PwD on their insulin regimen/follow progress
Trusting what PwD are reporting about their insulin - - - - - 12 (7.5) 41 (25.6) | 67 (41.9) | 32 (20.0) 8 (5.0)
adherence
Lack of objective insulin data to base decisions on - - - - - 17 (10.6) 43 (26.9) | 58 (36.3) | 35 (21.9) 7 (44)

Notes: *Not all proportions equal 100% as the data was rounded to one decimal place. Dash means that the option was not available in that dosing category.
Abbreviations: GP, primary care physician; PwD, people with diabetes; TIDM, type | diabetes mellitus; T2MD, type 2 diabetes mellitus.
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insulin. Furthermore, some physicians found the time it takes to convince and educate their PwDs on their insulin
regimen or follow their progress moderately difficult for initiating (31.3%) and titrating (25.6%) insulin doses.

Solutions for Optimizing Insulin Dosing

Overall, physicians felt having more time with PwD to discuss their insulin dosing routines (50.0%), a device that
automatically records glucose measurements (50.0%), dosing reminders in a mobile application (43.8%), a device that
automatically records insulin doses and timing (43.1%), having a PwD’s insulin and glucose data combined in one place
(41.9%), and having real-time insulin dosing calculation guidance (37.5%) would be very helpful for PwD to optimize
their insulin dosing (Table 5).

Discussion

This study examined physicians’ perspectives on the extent of suboptimal insulin dosing in PwD treated with insulin, as
well as barriers and solutions to optimal dosing, indicating that suboptimal insulin dosing behaviors are still frequent
despite advances in insulin therapy and technology. Most of the physicians included in this analysis indicated that 30% of
PwD missed or skipped, mistimed, or miscalculated a basal and bolus insulin dose in the last 30 days. Common reasons
identified by physicians for PwD to miss or skip, mistime, or miscalculate basal/bolus insulin doses included: PwD
forgot, were out of their normal routine, were too busy or distracted, or were unsure of how much insulin to take. To
optimize insulin dosing, most physicians considered it somewhat or very helpful to have more time with PwD to discuss
their insulin dosing routines, a device that automatically records glucose measurements or dosing reminders in a mobile
application. Furthermore, having a device that automatically records insulin doses and timing, insulin and glucose data
combined in one place or having real-time insulin dosing calculation guidance would help optimize dosing.

Both GPs and specialists in this study perceived that PwD struggled with the complexities of insulin self-management
largely for unintentional reasons, such as being out of their normal routine, being too busy or distracted, or being unsure
how much insulin to take, resulting in a skipped/missed, mistimed, or miscalculated dose. Similarly, previous research
identified factors associated with missed or mistimed insulin doses which were both unintentional (forgetting for various
reasons) and intentional (deliberately not taking insulin as directed).® Forgetfulness can be caused by a disruption in daily
routines and interference by social situations.'*"'” Furthermore, it has been noted that challenging self-care regimens can
lead PwD to experience frustrations and emotional struggles that interfere with glycemic control and increase the risk for
diabetes-related complications.”*' Despite the perceptions of physicians’ participating in this study, previous research
indicates that Spanish patients with T2DM report significantly fewer dosing irregularities (missed, mistimed, reduced)
compared with patients from other European countries.”

In this study, physicians felt that insulin dosing was complicated and burdensome for PwD and contributed to
skipped/missed, mistimed, or miscalculated doses. There is evidence showing that, given the relentlessness of diabetes
self-management and the associated burden of insulin regimens, many PwD experience diabetes-related distress and
diabetes burnout, wherein they may disengage from self-care tasks.”® Hessler et al found that diabetes-related distress
was significantly associated with the frequency of missed bolus insulin doses.?* In a separate review of patients with
T2DM in the UK, PwD found self-management challenging and reported feeling defeated and anxious, particularly if
they failed to complete their self-care regimens.”’

Physicians in this study found it slightly difficult to initiate and titrate insulin, due to a lack of objective blood glucose
data, a lack of time to figure out the best approach for an individual PwD, and a lack of time to educate the PwD on their
insulin regimen. This is comparable to another extensive study where physicians indicated a lack of time to support or
fully understand the concerns of their PwDs and to take an individually tailored approach to treatment.”® Physicians
surveyed identified a lack of objective blood glucose data to make decisions on, indicating that perhaps patients were not
providing accurate data measurements. A previous study has identified that some PwDs are often reluctant to discuss
self-care with their physician and sometimes misrepresent or withhold important information on diet, exercise, blood
glucose monitoring, and medication.?' Possible reasons include fear of being judged, not wanting to disappoint their
physician, or not understanding the medical recommendations.”’ By ensuring GPs and specialists have the time,
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Table 5 General Practitioner and Specialist Solutions to Help PwD Optimize Their Insulin Dosing

Solutions GP (n=80) Specialist (n=80) Total Physicians (n=160)
n (%9 Very Some Slightly | Neutral | Not Very Some Slightly | Neutral | Not Very Some Slightly | Neutral | Not

Helpful | what Helpful Helpful | Helpful | what Helpful Helpful | Helpful | what Helpful Helpful

Helpful Helpful Helpful

Real-time insulin dosing calculation guidance

34 (42.5) | 33 (41.3) 7 (8.8) 5(6.3) I (1.3) 26 (32.5) | 36 (45.0) 15(18.8) | 3(3.8) 0 (0.0 60 (37.5) | 69 (43.1) 22 (13.8) | 8 (5.0 1 (0.6)
Dosing reminders in a mobile application

39 (48.8) | 24 (30.0) 7 (8.8) 8 (10.0) | 2(2.5) 31(38.8) | 31 (38.8) 14 (17.5) | 4 (5.0 0 (0.0 70 (43.8) | 55 (34.4) 21 (13.1) | 12(7.5) | 2(1.3)
Automated food diary/carb counting in a mobile application

32 (40.0) | 22 (27.5) 21 (26.3) | 4 (5.0 I (1.3) 26 (32.5) | 36 (45.0) 15(18.8) | 2 (2.5) 1 (1.3) 58 (36.3) | 58 (36.3) 36 (22.5) | 6 (3.8) 2 (1.3)
A device that automatically records insulin doses and timing

39 (48.8) | 25 (31.3) 13 (16.3) | 3(3.8) 0 (0.0 30 (37.5) | 32 (40.0) 13 (16.3) | 5(6.3) 0 (0.0 69 (43.1) | 57 (35.6) 26 (16.3) | 8 (5.0 0 (0.0
A device that automatically records glucose measurements

48 (60.0) | 22 (27.5) 6 (7.5) 3(38) I (1.3) 32 (40.0) | 32 (40.0) 9 (11.3) 4 (5.0) 338 80 (50.0) | 54 (33.8) 15 (9.4) 7 (44) 4 (2.5)
Having a PwD’s insulin and glucose data combined in one place

33 (41.3) | 29 (36.3) 14 (17.5) | 4 (5.0) 0 (0.0 34 (42.5) | 30 (37.5) 10 (12.5) | 6 (7.5) 0 (0.0 67 (41.9) | 59 (36.9) 24 (15.0) | 10 (6.3) | 0(0.0)
Having near real-time feedback on how a PwD’s insulin dosing impacts their glucose levels

30 (37.5) | 29 (36.3) 17 (21.3) | 4 (5.0) 0 (0.0 23 (28.8) | 34 (42.5) 17 (21.3) | 6 (7.5) 0 (0.0 53 (33.1) | 63 (39.4) 34 (21.3) | 10 (6.3) | 0(0.0)
Having more time with PwD to discuss their insulin dosing routine

43 (53.8) | 22 (27.5) 12 (15.0) | 3 (3.8) 0 (0.0 37 (46.3) | 27 (33.8) 12 (15.0) | 3 (3.8) 1 (1.3) 80 (50.0) | 49 (30.6) 24 (15.0) | 6 (3.8) I (0.6)
More meaningful conversations with PwD about their insulin dosing routine

37 (46.3) | 29 (36.3) 8 (10.0) 6 (7.5) 0 (0.0 31(388) | 31 (38.8) 12 (15.0) | 5(6.3) 1 (1.3) 68 (42.5) | 60 (37.5) 20 (12.5) | 11 (6.9) 1 (0.6)

Notes: *Not all proportions equal 100% as the data was rounded to one decimal place.
Abbreviations: GP, primary care physician; PwD, people with diabetes.
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confidence, knowledge, and opportunity to discuss diabetes and optimal insulin dosing, PwD may, in turn, provide more
accurate information and initiate or maintain improved self-care regimens.

Physicians want real-time insulin dosing calculation guidance and a device that automatically records insulin doses
and timing for their patients. While there is a lack of evidence about the use and impact of connected insulin devices and
diabetes management applications in Spain,?’ recent work on the use of Insulclock has shown favorable improvements in
glycemic control, as well as a reduction in missed and mistimed insulin doses.”®*’ Furthermore, Spain has made a move
toward digital health tools with the development of the National Health System’s Digital Health Strategy which aims to
empower and involve patients in their disease through the transforming capacity of digital technologies.’® This strategy
will enable the development of a National Health Data Space for sharing scientific knowledge and evaluating services,
and targeting the 5P (Preventive, Personalized Predictive, Participatory, and Psycho-cognitive) medicine.*' Digital health
tools for diabetes, such as continuous glucose monitoring, mobile applications, smart insulin pens, and connection-
enabled pen caps/clips and their connection to integrated platforms, have tremendous potential to help people with
diabetes to optimize disease management.’

Strengths and Limitations

This study reached its soft recruitment quota of 160 physicians which was based on the prevalence of diabetes in Spain.
The survey also ensured equal representation of both GPs and specialists. However, as participation was voluntary, the
sample may not fully represent the medical population treating PwD in Spain. Furthermore, the results present
physicians’ perceptions of their PwDs so may be missing individual patient nuances. Using a self-report questionnaire
meant no qualitative insights from physicians were acquired and the data is subject to recall bias. However, before
initiation of the survey, the survey was piloted to examine its validity with revisions made to limit bias and ensure all
required information was captured.

Research has often shown discrepancies between the observations of physicians and that of their PwD, with higher
rates of missed or mistimed doses being reported by physicians based on the behavior of a typical patient.'® Therefore, to
acquire an accurate understanding of the extent and burden of suboptimal insulin dosing, the perspectives of PwD are
essential to further validate responses.

Conclusions

Based on physicians’ perceptions, suboptimal insulin dosing remains common for many PwD. This survey highlights the
need for having both insulin and glucose data combined in one place and automated insulin dosing support to manage the
complexity of insulin treatment, improve communications between PwD and physicians, and ultimately improve out-
comes for PwD. Approaches that facilitate better PwD management are needed, particularly those that empower
physicians and PwD and improve the meaningfulness of the PwD-healthcare professional relationship and communica-
tion. While healthcare professionals recognize that current management is suboptimal, improvements can be achieved by
initiating frequent discussions on these issues with patients and providing appropriate education and training.

Abbreviations
GP, general practitioner; HCP, healthcare professional; PwD, people with diabetes; TIDM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus.
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