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Abstract. Introduction: Basal insulin non-adherence is a challenge in people with
type 2 diabetes (T2D). Methods: Using injection data recorded by a connected
insulin pen, we employed a novel three-step methodology to assess three aspects of
adherence (overall adherence, adherence distribution, and dose deviation) in
individuals with insulin-treated T2D undergoing telemonitoring. Results: Among
participants, 52% were considered overall adherent. However, deviations from the
recommended dose were observed in all participants, with increased and reduced
doses being the predominant forms of non-adherence. Conclusions: Our study
underscores the prevalence of basal insulin dosing irregularities in individuals with
insulin-treated T2D undergoing telemonitoring.
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1. Introduction

Achieving optimal glycemic control is vital in managing type 2 diabetes (T2D) to reduce
associated morbidity and mortality [1]. Despite advancements in pharmacotherapy,
insulin remains a cornerstone in the treatment regimen for many adults with T2D [2].
Nevertheless, more than 60% of people with T2D fail to attain glycemic targets, often
due to non-adherence to insulin therapy [1].

Identification and a comprehensive understanding of non-adherence are crucial, as
unrecognized non-adherence often leads to suboptimal treatment outcomes and increased
risk of complications [3]. Nonetheless, limited data exist on the nuanced types of
adherences, hindering tailored interventions, as distinct dosing irregularities signify
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unique behavioral entities [4]. Building upon previous research [5], this study aims to
assess the adherence level among telemonitored people with insulin-treated T2D using a
new comprehensive three-step methodology based on insulin injection data recorded by
connected insulin pens.

2. Methods
2.1. Data Collection

Basal insulin injection data over 12 weeks were collected from 106 participants
randomized to the telemonitoring intervention group in the DiaMonT trial
(NCT04981808) [6]. Participants were >18 years of age, had a confirmed diagnosis of
T2D for a minimum duration of one year, and were treated with basal insulin only or in
combination with bolus insulin. The administered basal insulin injection data (dose and
time) were recorded using a connected insulin pen (NovoPen6, Novo Nordisk A/S),
while the recommended basal insulin injection data, including dose at baseline and
continuous adjustments made during the trial, were registered by trial personnel.

Data were structured into 24-hour periods from 03:00 to 03:00 the next day. Doses
less than or equal to two units were excluded because participants were instructed to test
the insulin flow with a two-unit air shot after replacing the insulin cartridge [7]. The
administered basal insulin doses were summed for each day and compared to the
recommended dose. If no insulin injection was recorded by the connected insulin pen on
a given day, 0 units were imputed.

2.2. Outcomes and Statistical Analysis

We employed the three-step methodology outlined by Nerlev et al. [5] to evaluate overall
adherence (% of days with a correctly administered dose), adherence distribution (of
correct, increased, reduced, and missed doses), and dose deviation (as % from
recommended dose). All data analyses were performed using Python 3.8 and relevant
packages (Pandas version 1.4.2, NumPy version 1.21.5, and Matplotlib version 3.5.2).
3. Results

Of the 106 participants, 55 (52.0%) were considered adherent during the 12-week trial
period. See Table 1 for the baseline characteristics of the participants.

Table 1. Participant characteristics at baseline

Characteristic N =106
Age (years) mean = SD 61.9+£10.2
Female, n (%) 44 (41.5)
Body mass index (kg/m?), mean + SD 33.7+£6.2
HbA 1¢c (mmol/mol), mean + SD 64.2+14.5
Diabetes duration (years), mean + SD 19.7+13.9
Bolus insulin use, n (%) 49 (46.2)
Daily insulin use (IU)*, mean + SD 69.8 + 54.1

*Total daily insulin use including both basal insulin and contingent bolus insulin use
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3.1. Step 1 — Weekly Overall Adherence Level

The weekly averaged overall adherence level ranged between 68.1% and 78.2% during
the 12-week period, see Figure 1.
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Figure 1. Overall adherence level for each trial week

3.2. Step 2 - Adherence Distribution

During the 12-week trial period, deviation from the recommended insulin dose was
identified at least once in all participants. Overall, 75.6% [74.7; 76.5]osv c1 of the doses
were administered correctly, while 12.4% [11.7; 13.1]9s% c1 were increased doses, 8.9%
[8.3; 9.4]os% c1 were reduced doses, and 3.1% [2.8; 3.5]os% 1 were missed doses, see
Figure 2.
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Figure 2. Adherence distribution for each trial week
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Most participants administered both increased doses (92.5%), reduced doses (83.0%),
and missed doses (66.0%). See Table 2 for a detailed overview. Furthermore, the analysis
showed that 12.3% (n = 13) of the participants adjusted their basal insulin dose daily
without instructions from the HCPs.

Table 2. Percentage [95% confidence intervals] (number) of participants with a type of non-adherence

Type of (non-)adherence No. of participants, N =106
Missed doses 66.0% [57.0; 75.1] (70)
Missed >5% of total doses 19.8% [12.2; 27.4] (21)
Missed >10% of total doses 6.6% [1.9; 11.3](7)
Increased doses 92.5% [87.4; 97.51 (98)
Increased >5 % of total doses 58.5% [49.1; 67.9] (62)
Increased >10% total doses 39.6% [0.30.3; 48.9] (42)
Reduced doses 83.0% [75.9; 90.2] (88)
Reduced >5% of total doses 44.3% [34.9; 53.8] (47)
Reduced >10% of total doses 33.0% [24.1;42.0] (35)

3.3. Step 3 — Dose Deviation

The average absolute dose deviation was 6.1 = 10.4 units. It is worth noticing that the
majority of deviations fell within = 25% of the recommended dose, see Figure 3, and the
5% percentile was -27.6%, the 25% percentile was -5.6%, the 75% percentile was 6.4%,
and the 95% percentile was 22.2%.
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Figure 3. The distribution of percentage deviations from the recommended dose

4. Discussion

This study assessed the adherence level among people with insulin-treated T2D using a
new comprehensive three-step methodology. Our results corroborate findings from
previous studies [8], highlighting a high prevalence of dosing irregularities among people
with insulin-treated T2D [4]. Markedly, 66% of the participants had missed at least one
dose; however, only 3% of the total doses were missed, with increased and reduced doses
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posing greater challenges. Yet, it must be noted that a small deviation would yield a
lesser impact on glycemic control than a greater deviation [11].

Unexpectedly, a subset of participants (>10%) made daily basal insulin dose
adjustments. Due to the pharmacokinetics of basal insulin, dose adjustments should only
be made after several successive days with high or low blood glucose levels [12]. The
daily adjustments may be explained by the potential influence of continuous glucose
monitoring (CGM) and telemonitoring on participants’ insulin-dosing decisions, as
participants wore a CGM and were closely telemonitored during the trial [6].

Our results also demonstrate the feasibility of our three-step methodology applied
to a cohort. Especially, with the methodology the size of the deviation (increased or
reduced) can be considered, offering a more nuanced understanding of adherence
behavior than previously.

A limitation must be noted. This study lacked data on reasons for non-adherence,
warranting considerations in future research as this limitation introduces a risk of doses
being erroneously counted as missed or incorrect.

5. Conclusions

Using a new methodology, we demonstrated that basal insulin dosing irregularities
including missed, increased, and reduced doses are common in people with insulin-
treated T2D, with increased and reduced doses being the predominant type of non-
adherence. Future research should investigate reasons for non-adherence.
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