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Purpose: This analysis aimed to document suboptimal insulin dosing (missed or skipped and mistimed basal and/or bolus) in people
with diabetes (PwD), including type 1 diabetes (T1D) and type 2 diabetes (T2D). Additionally, barriers and solutions for optimal
insulin dosing were explored.

Patients and Methods: This multinational, cross-sectional, online survey was conducted in the United States, the United Kingdom,
and Germany. Eligible PwD with T1D or T2D used an analog insulin pen. Data were analyzed using descriptive statistics.

Results: A total of 1150 PwD (T1D: 300; T2D: 850) were included. Overall, a proportion of PwD reported missing 1 or more basal (48.2%)
or bolus dose (59.6%) in the past 30 days. Among those who reported missing doses, the average number [standard deviation] was 3.6 [3.6]
basal doses and 4.6 [7.4] bolus doses. PwD reported forgetting, being too busy/distracted, and finding it too complicated or burdensome as
key reasons for missed doses. A proportion of PwD reported mistiming 1 or more basal (45.7%) dose or bolus (53.6%) dose in the past 30
days. Among those who reported mistiming doses, the average was 3.9 [4.0] basal and 5.1 [8.1] bolus doses. Key reasons reported for
mistiming doses included being too busy or distracted, being out of routine, or having an unexpected or earlier/later-than-expected meal.
Conclusion: Suboptimal insulin use is prevalent among PwD, with nearly half of participants reporting missed or mistimed doses in the
past 30 days. Results indicate the need for support to help PwD self-manage the complexity of insulin treatment and to improve outcomes
due to suboptimal insulin dosing. Such support might include devices that record measurements and dosing and provide feedback.
Keywords: diabetes, basal, bolus, suboptimal dosing, missed doses, mistimed doses

Introduction
Diabetes mellitus, a disease affecting more than 422 million people worldwide,' continues to pose a global health
problem with 9.3% of adults between the ages of 20 and 79 currently living with the disease.” The prevalence of diabetes
is projected to increase, affecting approximately 643 million people by 2030 and 783 million by 2045, as reported by the
International Diabetes Federation.” Diabetes remains one of the top 10 causes of death globally; 6.7 million diabetes-
related deaths occurred in 2021, which translates to 1 death every 5 seconds.> Despite encouraging developments in
diabetes-related therapeutics and innovations, the complexities of reaching levels of glycemic control continue to pose
a challenge among people with diabetes (PwD).*®

Achieving target glycemic control and maintaining concordance with insulin treatment are critical for treating
diabetes and have been reported to reduce the risk of all-cause mortality and hospitalization in PwD.” Key reasons
associated with poor adherence include misunderstanding the benefits associated with treatment; the complexity of
treatment, including polypharmacy and variable dosing quantity and frequency; and fear of adverse effects such as

hypoglycemia, weight gain, and gastrointestinal side effects.” A significant number of people with type 1 diabetes (T1D)
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or type 2 diabetes (T2D) are faced with challenging insulin regimens as prescribed, impeding optimal management of
diabetes and resulting in poor health outcomes.'® In 2012, Peyrot et al reported results from the Global Attitudes of
Patients and Physicians study, an online multinational study conducted with healthcare professionals (HCPs) and
a telephone survey with PwD who were treated with insulin. Results from the Global Attitudes of Patients and
Physicians study showed that glucose control was inadequate among insulin-treated patients due to insulin omission or
non-adherence and lack of dose adjustment.'’ The Global Attitudes of Patients and Physicians 2 study showed that
suboptimal (missed, mistimed, and reduced) basal insulin dosing is a common challenge, and is frequent enough to
negatively impact management of the disease.'? In 2021, Robinson et al reported results from a systematic literature
review showing that PwD struggle with self-management of insulin treatment, resulting in suboptimal insulin use. Given
the pervasiveness of this problem, Robinson et al results suggest a need for integrated support for managing insulin
therapy, including digital support as a potential solution to empower PwD to manage diabetes.'* Despite innovations in
insulin therapy and device technology, suboptimal dosing continues to be a barrier to achieving glycemic control for
PwD, leads to frustrations and challenges, and increases the risk of diabetes complications.'*"'*

Results from these previous studies contributed to the impetus and development of the study described here, as a need remains
to clarify the extent of suboptimal insulin dosing based on participant experience and geographic location, and to provide potential
reasons and solutions. Hence, the primary objective of this study was to understand the extent of suboptimal insulin dosing in PwD
with T1D and T2D, and to report reasons associated with suboptimal dosing and barriers to achieving optimal dosing from the
perspective of PwD. In addition, this study examined potential solutions to improve optimal insulin dosing.

Materials and Methods

Study Design

This online survey study consisted of 2 phases, the pilot phase and the main study. During the pilot phase, a draft survey
was distributed to a small sample of people with T1D (n = 3) and T2D (n = 3), and physicians (n = 4) in the United States
for in-depth testing focused on survey comprehension. After the completion of the survey, participants were interviewed
on survey usability. Subsequently, the survey was revised based on participants’ feedback, and this version was used in
the main study (Supplementary Materials). Data collection for the pilot phase took place between June and July of 2021.

The main study was a multinational, cross-sectional, online survey conducted with people (N = 1150) from the United
States, the United Kingdom, and Germany between November 2021 and February 2022. Country selection was based on
the feasibility of data capture and the extent of insulin experience. Here, we report results from PwD pooled across each
country. The study was conducted using purposive sampling from existing online patient panels accessed via a third
party. The study enrolled PwD >18 years of age who self-reported T1D or T2D, as diagnosed by a doctor, and used an
analog insulin pen. A screener was implemented to check the diagnosis. People with T1D had a multiple daily insulin
injection regimen (basal and bolus), and people with T2D had either a basal-only regimen or a basal and bolus regimen.
Soft recruitment quotas per country were applied to the study to maximize the generalizability of the findings, which
included recruiting a maximum of 75.0% Caucasian PwD. In addition, soft recruitment quotas relevant to clinical
characteristics for PwD included up to 25.0% PwD who had <7.0% HbAlc, up to 25.0% PwD who did not know their
HbAlc; up to 25.0% PwD who were diagnosed <6 months ago, and up to 25.0% PwD who used an insulin pen for <6
months. Exclusion criteria included current use of a connection-enabled pen system, cap, or sleeve.

Endpoints analyzed included the proportion of PwD who used basal and/or bolus insulin and missed or skipped
insulin doses due to skipping a meal or other unrelated reasons. In addition, the study examined the mistiming of basal
and/or bolus insulin doses and the reasons associated with mistiming doses. Participants completed an online survey
(Supplementary Materials) that included a disease screening, questions regarding demographics, disease history, insulin

use, barriers to dosing, interactions with HCPs, and unmet needs, such as the need for support with timing and recording
of doses. All sections of the online study were programmed to collect only completed answers from participants, as
participants were unable to skip or continue to the next question until each question was finished thereby preventing
missed data. The following definitions were used as terms in the survey. Bolus refers to insulin that was either short-
acting insulin or rapid-acting insulin taken at mealtimes. Basal was defined as intermediate or long-acting insulin taken
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once or twice daily to manage blood sugar levels between meals. A missed insulin dose was defined as a missed or
skipped insulin dose whereby participants did not either intentionally or unintentionally take a dose that they were
scheduled to take. A mistimed dose was defined as any insulin dose that was taken at an incorrect time (for example, not
within 10 to 15 minutes before a meal for bolus insulin, or not at the usual time for basal insulin).

Eligible participants provided consent using an electronic informed consent form completed online prior to the
administration of any study procedures. Participants received remuneration in accordance with local fair market value
rates in each country. This study was conducted in accordance with the ethical principles in the Declaration of Helsinki,
consistent with Good Pharmacoepidemiology Practices, and applicable laws and regulations of the countries where the
study was conducted. Centralized ethical approval and oversight of the pilot and main study phases were provided by the
Ethical & Independent (E&I) Review Service (pilot study phase: E&I Study Number 2105-01, approved on 03-Jun-2021;
and main study phase: E&I Study Number 21052-01A, approved on 16-Nov-2021).

Statistical Analysis

Survey responses were analyzed using descriptive statistics. Continuous variables were summarized using mean and
standard deviation (SD) for normal distributions or median and range for skewed distributions. Categorical variables
were summarized as numbers and percentages. Missing data were not possible because the survey was programmed such
that a participant could not move on to the next question before completing the previous item. In the event a participant
terminated before completing the survey, they were not counted as part of the study population. All statistical analyses
were performed using SAS version 9.4 (The SAS Institute, Cary, NC).

Results

Participant and Diabetes Management Characteristics
The study included 1150 participants, consisting of 300 people (26.1%) with T1D and 850 people (73.9%) with T2D (Table 1).
The mean [SD] age of PwD was 49.4 [13.4] years; 57.8% of PwD were male. The majority of PwD were Caucasian (85.4%),

Table | Baseline and Clinical Characteristics, n (%)

Total, N = 1150
Demographics
People with type | diabetes 300 (26.1)
People with type 2 diabetes 850 (73.9)
Age, years, mean [SD] 49.4 [13.4]
Female 482 (41.9)
Race/ethnicity
White 982 (85.4)
United States 300 (75.0)
United Kingdom 312 (89.1)
Germany 370 (92.5)
Black or African American 109 (9.5)
United States 81 (20.3)
United Kingdom 14 (4.0)
Germany 14 (3.5)
Hispanic or Latino 96 (8.3)
United States 35 (8.8)
United Kingdom 19 (5.4)
Germany 42 (10.5)
Asian 13 (1.1)
United States 6 (1.5)
United Kingdom 7 (2.0
Germany 0 (0.0)
(Continued)
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Table | (Continued).

Total, N = 1150

Native Hawaiian or other Pacific Islander
United States
United Kingdom
Germany
American Indian or Alaskan Native
United States
United Kingdom
Germany
Other®
United States
United Kingdom
Germany
Prefer not to say
United States
United Kingdom
Germany
Diabetes-related characteristics
Time since diabetes diagnosis
<6 months
6—12 months
1-5 years
5-10 years
>10 years
Time using insulin pen
<6 months
6—12 months
1-2 years
>2 years
Most recent HbAlc
<7% (<152 mg/dL)
7.1%-8% (153—183 mg/dL)
8.1%—9% (184-212 mg/dL)
>9% (>212 mg/dL)
| do not recall/do not know
Hypoglycemic events in last 12 months, mean [SD]
Severe hypoglycemic events in last 12 months, mean [SD]
Diabetes complications within last 12 months
Skin
Eye
Neuropathy
Nephropathy
Foot
Diabetic ketoacidosis
High blood pressure
Stroke/ischemic heart disease/heart attack
Less severe complications (eg, gum disease, slower healing)

None of the above

1 0.1)
1 0.3)
0 (0.0)
0 (0.0)
8 (0.7)
7(18)
1 0.3)
0 (0.0)
5 (0.4)
1 0.3)
1 0.3)
3(0.8)
3(0.3)
1 0.3)
0 (0.0)
2 (0.5)

103 (9.0)
101 (8.8)
347 (30.2)
222 (19.3)
377 (32.8)

118 (10.3)
152 (13.2)
316 (27.5)
564 (49.0)

229 (19.9)
365 (31.7)
425 (37.0)
90 (7.8)
41 (3.6%)
47 [5.6]
1.8 [2.8]

154 (13.4)
327 (28.4)
218 (19.0)
123 (10.7)
156 (13.6)
232 (202)
295 (25.7)
30 (2.6)
158 (13.7)
281 (24.4)

Notes: Data are n (%) unless otherwise specified. *Other ethnic racial background included: No

other racial/ethnic backgrounds text description provided.
Abbreviation: SD, standard deviation.
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Table 2 Information and Discussions with Healthcare Professionals, n (%)

Total, N = 1150

Healthcare professional/provider responsible for treatment

General practitioner 241 (21.0)
Endocrinologist 202 (17.6)
Diabetologist 647 (56.3)
Diabetes nurse 58 (5.0)
Other 2(0.2)

Frequency of appointments with main healthcare provider

Once or more per month 258 (22.4)
Once every 2-3 months 596 (51.8)
Once every 4-6 months 190 (16.5)
Every 6 months or less 106 (9.2)

Do you discuss missing insulin doses, taking too low doses, or taking doses too early or late with your HCP?*

Yes 475 (41.3)
No 335 (29.1)
Missing 340 (29.6)

How comfortable are you discussing missing insulin doses, taking too low doses, or taking doses too early or late with your HCP?®

Extremely uncomfortable 11 (1.0)
A little uncomfortable 59 (5.1)
Neutral 144 (12.5)
Comfortable 296 (25.7)
Extremely comfortable 300 (26.1)
Missing 340 (29.6)

Notes: “This survey question was only given to respondents who indicated they had missed/mistimed/miscalculated doses.
Abbreviation: HCP, healthcare professional.

married (74.4%), and worked as full-time employees (63.3%). A total of 31.2% of PwD reported earning a bachelor’s degree,
18.8% reported earning a master’s degree, and 17.7% reported earning an associate degree/professional certification.

Nine percent of PwD reported being diagnosed less than 6 months ago, 8.8% reported being diagnosed 6—12 months
ago, 30.2% reported being diagnosed between 1-5 years ago, 19.3% reported being diagnosed 5-10 years ago, and
32.8% reported being diagnosed more than 10 years ago. Nearly half of PwD (49.0%) reported using an insulin pen for
more than 2 years. The largest category of PwD (37.0%) reported that the most recent HbAlc level measured was
between 8.1-9.0%. Within the last 12 months, the mean [SD] number of reported hypoglycemic events managed without
help and severe hypoglycemic events was 4.7 [5.6] and 1.8 [2.8], respectively.

PwD reported different types of healthcare providers involved in their management of insulin treatment. Over half of
PwD (56.3%) reported receiving insulin treatment from a diabetologist (Table 2). The majority of PwD (74.2%) reported

the frequency of appointments with their main healthcare provider to be at least once every 2 to 3 months.

Basal Insulin
Of the total number of PwD, most participants (70.5%) received 1 basal insulin dose per day, while 29.5% received 2
doses per day.

Missed or Skipped Basal Doses
In the past 30 days, nearly half of PwD (48.2%) reported at least 1 missed or skipped basal dose, with a mean [SD] of 3.6
[3.6], quartiles (1st, median, 3rd) of 1.0, 2.0, and 5.0, and a range of 1.0 to 30.0 (Table 3 and Figure 1). In the past 30
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Table 3 Extent of Missed and Mistimed Insulin Doses

Total, N= 1150

Daily basal doses, n (%)

| 811 (70.5)
2 339 (29.5)
Missed or skipped basal doses in the past 30 days®
n (%) 554 (48.2)
Mean [SD] 3.6 [3.6]
QI | median | Q3 1.0]20]5.0
Min, max 1.0-30.0
Mistimed basal doses in the past 30 days
n (%) 526 (45.7)
Mean [SD] 3.9 [4.0]
QI | median | Q3 1.0[3.0|5.0
Min, max 1.0-44.0
PwD using bolus insulin of any type, n (%) 850 (73.9)
Type of bolus insulin, n (%)
Rapid-acting 720 (84.7)
Ultra-rapid-acting 122 (14.4)
Do not know 2 (0.2)
Other 6 (0.7)
Daily bolus doses, n (%)
| 195 (22.9)
2 219 (25.8)
3 315 (37.1)
4 73 (8.6)
5 31 (3.6)
26 17 (2.0)

Missed or skipped bolus doses in the past 30 days

n (%) 507 (59.6)
Mean [SD] 4.6 [7.4]
QI | median | Q3 1.0]2.0|5.0
Min, Max 1.0-90.0

Missed or skipped bolus doses on purpose d

ue to skipped meal

Yes 159 (31.4)
Mean [SD] 3.7 [4.5]
QI | median | Q3 102040
Min, Max 1.0-31.0
Mistimed bolus doses®
n (%) 456 (53.6)
Mean [SD] 5.1 [8.13]
QI | median | Q3 2.0[3.0|5.0
Min, max 1.0-120.0

Notes: *PwDs with 0 missed or skipped basal insulin doses did not contribute
to this table "PwD with 0 mistimed insulin doses and T2D sample PwD taking
basal only did not contribute to the summary statistics.

Abbreviations: Max, maximum; Min, minimum; SD, standard deviation.
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Missed a Dose Mistimed a Dose

o ! 596% ! caco |
T 482% L 457% i
£ 1 i 1
C 1 1
e | |
g | | :
= | |

Basal (N=1150) Basal Bolus ; Basal Bolus |

Bolus (N=850): : :
n 554 507 526 456

Mean [SD] | 3.6[3.61] | 4.6([7.41] | 39[3.95 | 5.1[8.13]

Figure | Extent of missed and mistimed insulin doses in the last 30 days. Nearly half of PwD reported missed or skipped and mistimed basal and bolus doses in the past 30 days.
Abbreviations: PwD, people with diabetes; SD, standard deviation.

days, 45.7% of PwD reported mistimed basal doses with a mean [SD] of 3.9 [4.0], quartiles (1st, median, 3rd) of 1.0, 3.0,
and 5.0, and a range of 1.0 to 44.0.

The most frequent reasons PwD reported missed or skipped basal doses were: forgetting (34.1%), being too busy and/
or distracted (24.9%), and finding it too complicated and burdensome (24.0%) (Figure 2). Additional reasons included:

Percentage of Participants
0% 5% 10% 15% 20% 25% 30% 35% 40%

Forgot

Too busy/distracted

Find it too complicated and burdensome

Sometimes need a break from figuring out/taking my
dose

Think it's ok to miss a dose sometimes
Was out of my normal routine

Did not want to dose in front of others

mBOLUS
mBASAL

Not sure how much insulin to take so | didn't take any

Did not measure my blood glucose

Wanted to avoid my blood sugar getting too low
Couldn't remember when | last took a dose
Concerned about weight gain

Other

Trying to save on the cost of insulin

Figure 2 Reasons reported for missed or skipped insulin dose. The most frequent reasons PwD reported missed or skipped basal and bolus doses were: forgetting, being
too busy and/or distracted, and finding it too complicated and burdensome.
Abbreviation: PwD, people with diabetes.
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finding it acceptable to miss a dose sometimes (22.9%), sometimes needed a break from figuring out/taking a dose
(21.1%), being out of normal routine (19.9%), not being sure of how much insulin to take so not taking any (for example,
being sick, exercising, unfamiliar food, not having insulin plan available) (15.3%), not wanting to dose in front of others
(12.6%), not remembering when last dose was taken (8.3%), not measuring blood glucose level (7.9%), wanting to avoid
blood sugar getting too low (6.3%), other reason (3.6%), being concerned about weight gain (2.5%), and trying to save
on the cost of insulin (1.6%).

Mistimed Basal Doses
PwD were surveyed on their experience with mistimed basal insulin doses. A substantial proportion of PwD (45.7%)
reported mistiming their basal doses (Figure 1). The mean number of mistimed basal insulin doses reported by PwD in
the past 30 days was 3.9 [4.0], quartiles (1st, median, 3rd) of 1.0, 3.0, and 5.0, and a range of 1.0 to 44.0.

The top 5 reasons reported by PwD that caused the mistiming of basal insulin doses for the total PwD population
included: being too busy/distracted (25.7%), being out of normal routine (24.7%), forgetting (24.3%), not being sure how
much insulin to take due to unfamiliar food (23.0%), and not wanting to dose in front of others (22.2%) (Figure 3).

Bolus Insulin

Bolus insulin of any type was used by (850/1150) 73.9% of PwD, and the majority of participants (720/850; 84.7%)
reported using rapid-acting bolus insulin for treatment. The largest proportion of PwD were those (436/850; 51.3%) who
reported receiving 3 bolus insulin doses per day, while (219/850) 25.8% of PwD reported receiving 2 doses per day, and
(195/850) 22.9% of PwD reported receiving 1 daily bolus dose per day.

Percentage of Participants

0% 10% 20% 30% 40%

Too busy/distracted

. mBOLUS
Out of my normal routine

mBASAL

Forgot

Unexpected meal or ate earlier/later than expected

Not sure how much insulin to take due to unfamiliar food
Did not want to dose in front of others

Find it too complicated and burdensome

Wanted to avoid my blood sugar getting too low

Did not measure my blood glucose

Couldn't remember when | last took a dose

Other

Concerned about weight gain

Trying to save on the cost of insulin

Figure 3 Reasons PwD reported mistiming an insulin dose. Participants were surveyed on the main reasons that contributed to mistimed basal and bolus insulin doses.
Abbreviation: PwD, people with diabetes.
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Missed or Skipped Bolus Doses

More than half of PwD (59.6%) using bolus insulin reported missed or skipped bolus doses (Figure 1 and Table 3). In the
past 30 days, the mean [SD] number of bolus doses missed or skipped by PwD was 4.6 [7.4], quartiles (1st, median, 3rd)
of 1.0, 2.0, and 5.0, and a range of 1.0 to 90.0. In total, 31.4% percent of PwD reported making a choice to miss or skip
bolus doses due to skipping a meal, with a mean [SD] number of 3.7 [4.5], quartiles (1st, median, 3rd) of 1.0, 2.0, and
4.0, and a range of 1.0 to 31.0.

PwD who missed or skipped bolus doses reported the same most frequent reasons as PwD reported for missed or
skipped basal doses, which included: forgetting (25.2%), being too busy and/or distracted (26.2%), and finding it too
complicated and burdensome (17.8%) (Figure 2). Additional reasons reported by PwD included: sometimes needed
a break from figuring out/taking doses (16.2%), finding it okay to miss a dose sometimes (15.4%), being out of
normal routine (15.6%), not wanting to dose in front of others (11.8%), not being sure how much insulin to take so
not taking any (for example, being sick, exercising, unfamiliar food, not having insulin plan available) (11.6%), not
measuring blood glucose level (10.1%), wanting to avoid blood sugar getting too low (10.1%), not recalling when
last dose was taken (7.1%), concerned about weight gain (2.8%), other reason (2.6%), and trying to save on the cost
of insulin (1.6%).

Mistimed Bolus Doses

PwD were surveyed on their experience with mistimed insulin bolus doses, and more than half of PwD (53.6%) reported
mistiming their bolus doses (Figure 1). The mean number of mistimed bolus insulin doses reported by PwD was 5.1
[8.13], quartiles (1st, median, 3rd) of 2.0, 3.0, and 5.0, and a range of 1.0 to 120.0 (Table 3).

Participants were surveyed on the main reasons that contributed to mistimed bolus insulin doses (Figure 3).
Approximately one third of the total PwD (34.0%) reported the reason was due to: being too busy/distracted, while
27.6% of PwD had an unexpected meal or ate earlier or later than expected, and a quarter of participants (24.8%)
reported that the mistimed dose was caused by being out of a normal routine. Nearly a quarter of PwD (23.9%) reported
not being sure how much insulin to take due to unfamiliar food, and 23.7% reported forgetting.

Barriers

Even though 78.7% of PwD reported they agreed or strongly agreed that their insulin dose was taken as prescribed,
and that they felt somewhat confident (46.0%) or extremely confident (42.0%) about managing insulin within the
past 12 months, many PwD reported several difficulties associated with insulin management (Figure 4). PwD were

Overwhelmed by diabetes management

Current insulin routine is burdensome

Struggle to remember timing/amount of last insulin dose 27.8
Do not record insulin dose and timings

Calculating dose is complicated

Adjusting insulin dose is complicated 49.7

Not confident discussing insulin treatment and glucose control

with doctor 57.5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly Disagree/Disagree Neutral = Strongly Agree/Agree

Figure 4 Difficulties people with diabetes reported with diabetes management. Participants were surveyed on what they perceived as the main difficulties associated with
diabetes management.
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surveyed as to how much they agreed with various difficulties associated with insulin management; 40.9% of PwD
agreed or strongly agreed that they did not record their insulin dose and timings and 40.2% agreed or strongly
agreed that they felt overwhelmed by diabetes management. PwD reported that they found their insulin routine
burdensome (35.1%), calculating dose complicated (31.3%), adjusting insulin dose complicated (30.9%), struggled
to remember timing/amount of last insulin dose (27.8%), and were not confident discussing insulin treatment and
glucose control with doctor (26.5%).

Suboptimal insulin dosing is a challenge for many PwD, and barriers to achieving optimal dosing continue to
exist. HCPs are integral in providing PwD guidance and resources to encourage proper self-management practices
of the disease. To understand how to improve this coordinated effort between PwD and HCPs, PwD were
surveyed as to whether they have had discussions about suboptimal insulin dosing with their HCPs in the past
30 days, and the extent of their comfort level with these discussions. Less than half of PwD (41.3%) reported
having discussions with their HCPs about missing insulin doses, taking insulin doses that were too low, or taking
insulin doses too early or late. More than half of participants with T1D (54.3%) reported they had these
discussions with HCPs, whereas a smaller proportion of participants with T2D (36.7%) had these discussions.
Interestingly, more than half (51.8%) of PwD reported they were either extremely comfortable or comfortable
with having discussions with their HCPs about missing insulin doses, taking doses that were too low, or taking
doses too early or late in the day or evening, and it was rare (6.1%) that PwD reported feeling extremely
uncomfortable or a little uncomfortable (Table 2).

Solutions

When PwD were surveyed on solutions that might improve managing their insulin doses, the top 3 solutions PwD
reported as very helpful were a device that automatically records glucose measurements (41.3%), having insulin and
glucose data combined in one place (38.9%), and a device that automatically records insulin dosing and timing (35.6%)
(Figure 5). Nearly half of participants (46.5%) in the United States reported a device that automatically records glucose
measurements would be very helpful.

More meaningful conversations with HCP about insulin dosing routine ¢

Having more time with my HCP to discuss insulin dosing routine Z¥]

Having immediate feedb;ﬁl;s:ehlz\c/ellzsulm dosing impacts my x
Having my insulin and glucose data combined in one place & 14.1 31.2 38.9

A device that automatically records glucose measurements 3 | 145 305 43 |

A device that automatically records insulin doses and timing ¥

Automated food diary/carbohydrate counting in a mobile application

Dosing reminders in a mobile application [HENN | 145 29 319 |

Real-time insulin dosing calculation guidance %]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Not at all helpful Neutral ~ mSlightly helpful ~®Somewhat helpful ~®Very helpful

Figure 5 Solutions for managing insulin dosing.
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Discussion

A wealth of literature exists detailing complications associated with T1D and T2D, and confirming the need to maintain
targeted glycemic control to avoid diabetes-related complications.“*8 Optimal insulin dosing is one key way to help
maintain glycemic control. Our study examined a gap in the current literature, describing the intricacies of insulin
treatment from the perspective of PwD with a focus on identifying and addressing the extent of missed, skipped, or
mistimed insulin use. This study also aimed to identify and address reasons for suboptimal insulin use as well as
solutions to the problem.

In 2018, Ellis et al published a review demonstrating that multiple barriers exist for HCPs and participants with T2D
to achieve optimal insulin use in primary care, and suggested solutions such as more effective education for PwD, self-
management support, and integrated insulin support systems.'> In 2021, Robinson et al reported a systematic literature
review on missed and mistimed insulin doses in PwD, and concluded that suboptimal insulin use was pervasive due to
multiple factors including change in routine, social circumstances, and avoidance of hypoglycemia.'®> Higher HbAlc
levels were shown to result from mistimed doses in participants with T1D,'®? and the Global Attitude of Patients and
Physicians 2 study reported that clinical outcomes such as glycemic control were negatively impacted when participants
with T2D missed approximately 3 to 4 basal insulin doses per month.'**3-*

In our study, 48.2% of basal dose users and 59.6% of bolus dose users, missed or skipped doses in the past 30 days;
similar results were reported when basal and bolus users were asked about the number of mistimed doses. It is of interest
to clarify whether triggers or barriers for PwD causing suboptimal dosing regimens were intentional or unintentional.
When asked the main reason for missed or skipped basal and/or bolus doses, the most common answer reported in both
cases was that participants forgot (basal: 34.1%; bolus: 25.2%), an unintentional barrier. The second most common
reason for missed or skipped doses for basal and bolus users was being too busy/distracted, also an unintentional reason.
The third main reason chosen by both basal and bolus insulin users for missed or skipped doses was that participants
found it too complicated or burdensome.

Paradoxically, despite PwD reporting how prevalent their suboptimal insulin dosing regimens were and their
associated reasons, PwD also reported that they felt mostly confident or extremely confident about managing insulin
within the past 12 months. This level of confidence may reflect the fact that the largest proportion of participants (32.8%)
had been diagnosed with diabetes for over 10 years, suggesting that many were experienced with treating their disease.
Nearly half of the PwD in this study also reported using an insulin pen for over 2 years, further suggesting that the study
population was not new to self-managing the disease using an analog insulin pen. When PwD were asked about their
difficulties associated with diabetes management, the largest proportion (40.9%) strongly agreed or agreed that they were
simply not recording their insulin dose and timings, a reason that is preventable. The second and third largest proportion
of PwD reported more emotional reactions, such as feeling overwhelmed by diabetes management and that insulin
treatment was burdensome (40.2% and 35.1%, respectively). The solutions PwD seemed to respond most favorably to
were the use of devices that helped automatically measure and/or calculate data, with the 5 most popular potential
solutions being devices that automatically record glucose, having data on insulin and glucose combined and located in
one place, having a device that automatically records insulin doses and timing, having immediate feedback on how
insulin dosing impacts glucose levels, and having real-time insulin dosing calculation guidance. The development of such
devices, for example, insulin tracking devices and smart pens, is an ongoing area of research and has been reviewed
extensively elsewhere.? >’

The majority of participants reported seeing a diabetologist, suggesting that PwD received specialized care and advice
for self-managing their disease. The frequency of PwD meeting with a HCP may also be a strong indicator for success of
treatment, and more than half of participants reported meeting with their HCP every 2 to 3 months, with 22.4% meeting
once or more per month.

On average, PwD spend 3 hours per year with a HCP versus spending the remaining 8,757 hours of the year self-
managing treatment of their diabetes.”® Given this limited amount of time, HCPs should continue to strive to understand
challenges and barriers associated with self-managing treatment, and enhance the tools available (such as training,
educational resources, and digital aids) to help PwD foster healthy self-management of the disease. Helping PwD self-
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manage may improve concordance with treatment and, hence, improve quality of life and health outcomes. Our data
show that less than half of PwD (41.3%) reported having discussions with their HCPs about missing insulin doses, taking
insulin doses that were too low, or taking insulin doses too early or late.

Strengths of this study included the international and relatively large number of PwD who reported on suboptimal
insulin dosing from their perspective. Limitations of the study included the self-reported diabetes diagnosis confirmed via
screening questions. Potential biases such as under-reporting due to recall or social bias may also have affected responses
of PwD. In addition, as this study used survey panels to recruit participants and was an online survey, only participants
with internet access were eligible to participate, hence the sample may not be representative of all adults who
experienced suboptimal insulin dosing. This study was conducted from November 2021 to February 2022, during the
Coronavirus Disease 2019 (COVID-19) pandemic.?’ However, insulin shortage was not reported during this time period,
and we did not receive reports that the pandemic was interfering with dosing schedules. Although this study examined
and described a large quantity of data, the authors were unable to evaluate and report on all possible subgroup analyses
and their associated outcomes. Future studies should delve into subgroups associated with these data.

Conclusions

All survey studies are prone to some generalizability bias. The results described here do, however, strongly indicate that
suboptimal insulin use is prevalent among PwD, with nearly half reporting missed or mistimed insulin doses in the past
30 days. Thus, there is a distinct need for support to help PwD self-manage insulin treatment in order to improve
outcomes. In addition to increasing awareness of suboptimal insulin dosing practices, results from the survey may help
PwD and HCPs address barriers to optimizing insulin dosing and seek potential solutions for managing insulin doses.
The gaps identified in this study clearly point towards automation as a primary solution, both for data capture (such as
glucose measurements and insulin dosing), and for medication dosing decision support.

Abbreviations
COVID-19, Coronavirus Disease 2019; HCP, healthcare professionals; PwD, people with diabetes; T1D, type 1 diabetes;
T2D, type 2 diabetes.
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