
https://doi.org/10.1177/19322968211033837

Journal of Diabetes Science and Technology
2023, Vol. 17(1) 201–207
© 2021 Diabetes Technology Society
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/19322968211033837
journals.sagepub.com/home/dst

Original Article

Introduction

Based on recent reports from the Center for Disease Control 
and Prevention, over 31 million U.S. adults had diabetes in 
2018, representing 13% of the U.S. adult population.1 Most 
patients with type 2 diabetes are initially managed with oral 
antidiabetic agents, but as β-cell function declines and the 
disease progresses, insulin therapy is frequently needed to 
achieve and maintain glycemic control. More than 7 million 
Americans with diabetes use one or more insulin formula-
tion.2 Current clinical guidelines recommend adding basal 

insulin when other oral or injectable antidiabetic agents fail 
to achieve recommended glycemic targets.3
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Abstract
Background: We studied a smart insulin pen cap that can be plugged to several brand of insulin pens, to track insulin 
administration via smart-phone Bluetooth technology, with alarm/reminder system aiming.

Methods: This pilot randomized, cross-over design study assessed the use of a smart insulin pen cap in improving adherence, 
glycemic control and patient satisfaction in insulin-treated patients with poorly controlled type 2 diabetes. Eighty patients on 
basal insulin ± oral agents with hemoglobin A1C (HbA1c) between 7.0% and 12.0% were randomized to a 12-week active 
phase receiving alarms/reminders and a 12-week control/masked phase without feedback. We assessed differences between 
groups on treatment adherence, insulin omission, and mistiming of insulin injections, HbA1c, treatment satisfaction (using 
Diabetes Treatment Satisfaction Questionnaire Status).

Results: Compared to the control/masked phase, the active phase resulted in lower mean daily blood glucose (147.0 ± 34 
vs 157.6 ± 42 mg/dL, P < .01); and greater reduction in HbA1c from baseline (−0.98% vs −0.72%, P = .006); however, no 
significant differences in treatment adherence, insulin omission or insulin mistiming were observed. High patient satisfaction 
scores were reported in both active and control phases, with DTSQc of 15.5 ± 3.7 and 14.9 ± 3.6, respectively. Statistical 
models showed no residual effect after cross-over between active and control phases.

Conclusions: The results of this pilot study indicates that this smart insulin pen cap was effective in improving glycemic 
control with overall good satisfaction in insulin treated patients with type 2 diabetes. Future studies are needed to confirm 
its potential for improving care in insulin treated patients with diabetes.
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The results of randomized controlled trials and meta-anal-
yses have reported that less than half of individuals treated 
with basal insulin alone or in combination with oral antidia-
betic agents achieved an HbA1C target of <7.0%.4-6 Among 
factors that could explain the low rate of optimal response to 
insulin therapy, poor adherence to insulin administration has 
been reported in up to half of patients with diabetes,7-9 with 
one-third of patients reporting an average of 3 episodes of 
insulin omission within the previous month.8,10 Barriers to 
patients’ poor adherence with insulin therapy include socio-
economic factors, difficulty remembering to take medica-
tions, medication regimen complexity, multiple daily dosing 
of medications, weight gain, cost, and fear of side effects,11 
as well as injections being time consuming, and forgetful-
ness.12 Thus, there is a need for novel strategies and tools to 
increase adherence to prescribed insulin regimens.

Recent diabetes technology tools have shown promise in 
improving glycemic control and adherence to insulin admin-
istration, including the use of electronic reminders, mobile 
communication technology such as phone short message ser-
vices,13 smartphones and wrist-worn smartwatch,14 and a 
variety of insulin pens with memory functions and electronic 
display.15-17 Smart insulin pens may provide an additional 
resource for patients and health care providers to overcome 
problems such as poor insulin adherence, incorrect insulin 
initiation and titration, and medication errors.18 However, 
these devices are not interchangeable among different insu-
lin pen devices, and do not have alarm systems to alert 
patients about insulin delays and missing doses.

Insulclock®19 is a smart insulin pen cap plugged to several 
brands of insulin pen devices to help track date, time and 
dosage of the last injection, type of insulin used, and tem-
perature range. The smart insulin pen cap has an alarm sys-
tem with visual and sound alerts designed to assist preventing 
insulin omissions and mistiming. A recent pilot study using 
this device reported improvement in glycemic control, reduc-
tion in glycemic variability, and improved adherence and 
satisfaction in patients with type 1 diabetes.20 We conducted 
a pilot randomized cross-over controlled trial to assess the 
use of the smart insulin pen cap on treatment adherence, gly-
cemic control, and patient’s satisfaction among insulin 
treated patients with poorly controlled type 2 diabetes.

Methods

Study Design and Participants

We conducted a pilot, prospective, randomized (1:1), 
26-weeks, cross-over clinical trial in insulin-treated patients 
with inadequate glycemic control. We included adult patients 
with type 2 diabetes, between 18 and 80 years of age, with 
HbA1c between 7.0% and ≤12%, while receiving treatment 
with basal insulin, including NPH, glargine, or detemir, at a 
total daily dose of ≤0.5 U/Kg/day, as monotherapy or in 
combination with oral antidiabetic agents. All patients in the 

study were self-injecting insulin for more than 3 months 
prior to participation. We excluded patients treated with 
glargine U300 insulin, degludec, or treated with basal-bolus 
(basal + prandial) insulin regimen during the previous 3 
months, as well as patients with a history of diabetic ketoaci-
dosis during the previous 6 months, or history of hypoglyce-
mia unawareness. We also excluded patients with estimated 
glomerular filtration rate (eGFR) <30 ml/min/1.73 m2, liver 
disease (defined as alanine aminotransferase levels >3 times 
above upper limit of normal), pregnancy, dementia, and 
patients receiving corticosteroid therapy.

Randomization and Procedures

All participants were screened from the Grady Memorial 
Hospital Diabetes Center and Emory University Midtown 
endocrinology service, Atlanta, Georgia. The Emory 
Institutional Review Board approved the study. This trial 
was registered with ClinicalTrials.gov, NCT 03224234. After 
explaining the study’s procedures in detail by study person-
nel, patients provided written informed consent before start-
ing the clinical trial.

Prior to randomization, for patients without smartphones 
(n: 10), the study provided a new unlocked smartphone 
(Kiocera DuraForce) with WIFI capability. After providing 
informed consent, the smart insulin pen cap app (see 
Supplemental Material and https://insulclock.com/profes-
sional/) was installed by research personnel on each partici-
pant’s smartphone, and both smart insulin pen cap and 
cellphones were paired. Participants were instructed on how 
to use the cell phones and smart insulin pen cap. Insulin pens 
(Lantus®) were provided at no cost to all participants during 
the study period, and were titrated per protocol. In addition, 
participants were trained on the use of glucose meter, capil-
lary glucose testing, and keeping a glucose diary. Participants 
were instructed on the use of insulin pens [glargine U100 
insulin pens (Lantus SoloStar®)] and data collection diaries. 
Diabetes education, insulin and smart insulin pen cap were 
provided to participants at no charge.

During a 2-week run-in period and before randomization, 
participants were switched to glargine insulin and were asked 
to test capillary blood glucose before meals and bedtime. 
Those who tested glucose more than 3 times daily and were 
able to charge the smart insulin pen cap every 1-2 days dur-
ing the run-in period, continued in the study, and were trained 
on the use and maintenance of the device. Subjects were also 
trained on how to use the smart insulin pen cap application, 
and device connectivity. Those subjects failing to use the 
device properly during the run-in period were not included in 
the clinical trial.

After the run-in period, participants were randomly 
assigned in a 1:1 ratio to the active intervention with feed-
back and alarm notifications or to a control group using a 
masked device without alarm notifications. We conducted a 
block randomization stratified by HbA1c ≤ 8.0% or >8.0%, 
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with each phase lasting 12 weeks. Participants in the active/
intervention phase received daily information on their smart-
phones on insulin administration (time and dosing), as well 
as reminders in the event of missing doses. After completing 
the first phase, patients crossed over to the second phase 
(Figure 1). Participants and investigators were not masked to 
treatment allocation. Basal insulin was titrated to a target 
fasting and pre-meal glucose of 70-130 mg/dL.

Study Outcomes

We assessed differences between groups in treatment adher-
ence including omission and mistiming of insulin injections, 
glycemic control, as measured by fasting glucose, treatment 
satisfaction by Diabetes Treatment Satisfaction Questionnaire 
(DTSQs C) survey. For insulin injections recorded as given/
administered, we defined mistiming if not given within 2 
hours on the expected daily time of administration. Similarly, 
dose omissions were defined as doses not documented in the 
diary or not recorded by the device. Cumulative treatment 
adherence was defined as proportion of expected injections 
completed, as captured by the number of weekly basal insulin 
doses administered, and classified as highly adherent (>85% 
of completed doses, equivalent to missing 1 dose per week), 
moderately adherent (>60-85% of completed doses, equiva-
lent to missing 1-3 doses per week, poorly adherent (15-60% 
of completed doses, missing 4-5 doses per week, not adherent 
(<15% of completed doses, missing 6 doses per week). For 
assessment of treatment satisfaction, we used the Diabetes 
Treatment Satisfaction Questionnaire Status (DTSQc)21,22 
administered at baseline (week 0) and at weeks 12-14 and 26 
to assess relative changes in the DTSQ between interven-
tions. Results are expressed on a scale of ranging from +3, 
+2, +1. 0, −1, −2, −3 according to the degree of satisfaction 
by treatment group (see Supplemental materials).

Statistical Analysis

This study followed the standard 2 by 2 cross-over study 
design. We summarized continuous outcomes by mean and 
standard deviation and categorical outcomes by count and 

percentage. For continuous outcomes, we assessed crossover 
residual effect and the effect of intervention based on the 
Grizzle model.23 For binary outcomes, we assessed the effect 
of intervention based on Prescott’s test.24 To evaluate the 
change of continuous outcomes from baseline, we used 
paired t-tests. The level of statistical significance was set at 
P < .05. All statistical analyses were performed using the 
SAS software for Windows, version 9.2 (SAS Institute, Cary, 
SC, USA).

Results

Between September 2017 and March 2019, a total of 88 par-
ticipants (mean age 55.7 ± 11 years, mean body mass index 
(BMI) 32.4 ± 7.6 kg/m2, and mean HbA1c 9.2% ± 1.5 con-
sented to participate in the study. After the run-in period and 
excluding screen failures (n 8), 40 participants were random-
ized to the active phase with real-time feedback and 40 
patients to the control group without feedback. After the ini-
tial 12-week active phase on the intervention, patients were 
crossed over and followed for an additional 12 weeks. 
Patients had similar clinical characteristics at baseline, with-
out significant differences in age, ethnicity, BMI, duration of 
diabetes, annual income, mean baseline glucose, and HbA1c 
concentration (Table 1).

Overall, 53% of patients were highly adherent reporting 
>85% of completed doses, 19% were moderately adherent 
(>60-85% of completed doses), and 24% were poorly adher-
ent (15-60% of completed doses), and 3.8% were not adher-
ent (<15% of completed doses). Participants on average 
missed 23.6% of insulin doses, administered an average of 
10.6% of incorrect doses, and an average of 7.9% of doses at 
the incorrect time. There was a reduction in the proportion of 
patients with missed dosing (22% vs 24%, P = .04), for 
patients starting the active phase and crossing to the control 
phase. Similarly, there were no differences in the proportion 
of patients with mistiming of insulin injections between 
groups (9.36% vs 9.10%, P = .70 and 5.6% vs 8.3%, P = .57, 
respectively) (Figure 2A and B).

Overall, both groups had significant improvement on 
HbA1c during the study period (Figure 3A). Those starting 
with the active phase had a mean HbA1c improvement from 
9.3% ± 1.3% to 8.4% ± 1.9% (P: .003) after 12 weeks, and 
no further improvement after switching to the masked phase 
(for 12 weeks), from 8.4% ± 1.9% to 8.4% ± 1.6% (P = .9). 
Participants starting with the masked phase had a mean 
HbA1c improvement from 9.1% ± 1.7% to 8.4% ± 2.0% 
after 12 weeks (P: .0035), and further improvement after 
switching to the active phase (for 12 weeks), from 
8.4% ± 2.0% to 8.2% ± 1.5% (P = .9) (end-of-study, week 
26). Overall, there was a small but significant difference in 
HbA1c reduction from baseline in the active vs. control 
phase (−0.98% ± 2.0% vs −0.70% ± 1.7%, P = .006).

Changes in mean daily blood glucose concentration dur-
ing the study period is shown in Figure 3B. Those starting 

Figure 1.  Study design (cross-over, randomized, controlled trial).
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with active phase had an improvement on mean daily glu-
cose, from 193.13 ± 82 mg/dl to 157.56 ± 42 mg/dl after 
12 weeks (P: .59), without significant deterioration after 
switching to the masked phase (for 12 weeks), from 
157.56 ± 42 mg/dl to 153.16 ± 37 mg/dl after 12 weeks (P: 
.4). Patients starting with the masked phase had an improve-
ment on mean daily glucose, from 209.70 ± 76 mg/dl to 
156.95 ± 48 mg/dl after 12 weeks (P: .59), and further 
improvement after switching to the active phase (for 
12 weeks), from 156.95 ± 47 mg/dl to 147.03 ± 35 mg/dl (P: 
.5 (end-of-study, week 26). Overall, there was a significant 

difference in mean daily blood glucose reduction from base-
line in the active vs. control phase (−9.32 ± 32 mg/dl vs 
−2.75 mg/dl, P = .008). Similar findings were observed on 
mean fasting blood glucose with a significant difference in 
blood glucose reduction from baseline in the active vs. con-
trol phase (P = .02). There were no differences on the rates of 
severe hyperglycemia >300 mg/dl or hypoglycemia <70 mg/
dl between groups.

Overall, patients were equally satisfied with the device 
during active and control phase, with a total DTSQc score of 
15.5 ± 3.7 and 14.9 ± 3.6/18 points, respectively. These 

Table 1.  Baseline Characteristics of Participants (by Study Phases).

Active followed by  
control masked

Control masked 
followed by active P Value

Age, years 54.5 ± 9.7 57 ± 12.2 .32
Sex .025
  Female, n (%) 17 (43) 27 (68)  
  Male, n (%) 23 (58) 13 (33)  
Body weight, kg 99.4 ± 25.4 87.7 ± 23.8 .06
Body mass index, kg/m2 33.3 ± 7.04 31.5 ± 8.09 .16
Race, Blacks, n (%) 37 (93%) 36 (90%) .24
Duration of diabetes, median, years (Q1, Q3) 10 (4.5, 18.5) 10 (5-15) .67
HbA1c, % 9.12 ± 1.71 9.34 ± 1.35 .35
Annual income under $20,000/year, n (%) 26 (65) 27 (68) .81
Anti-diabetic medications, n (%)
Metformin 28 (70) 30 (75) .81
Secretagogues 4 (10) 7 (18) .52
Dipeptidyl-peptidase IV inhibitors (DPPIVi) 10 (25) 6 (15) .40
Sodium-glucose loop transporters 2 inhibitor (SGLT2i) 6 (15) 5 (13) 1.0
Thiazolidiones (TZD) (2.5) 1 (2.5) 1.0
Basal insulin (Glargine, Detemir, NPH) 40 (100) 40 (100) 1.0

*All data are presented in mean ± SD, unless otherwise stated.

Figure 2.  (A) Proportion of patients with incorrect time of insulin dose in each group and by study phases. (B) Proportion of patients 
with incorrect doses in each group and by study phases.
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results indicate that most patients were satisfied with the 
intervention. During follow-up, no patients were dissatisfied 
with the device.

Discussion

The results of this pilot randomized controlled cross-over 
trial of insulin-treated patients with uncontrolled type 2 dia-
betes indicate that the smart insulin pen cap resulted in small 
but significant improvement in glycemic control with overall 
good patient satisfaction. Our results are similar to a recent 
pilot study using this smart insulin pen cap in patients with 
type 1 diabetes.20 These reports builds on the information 
available on the efficacy and safety of electronic reminders 
and technology devices aiming to improve and facilitate care 
in insulin treated patients with diabetes.

Despite significant expansion on our insulin portfolio 
during the past decade, a large proportion of patients with 

type 2 diabetes receiving basal insulin do not achieve target 
HbA1c <7.0%.4,6,25 In a contemporary, study of electronic 
medical records of over 1 million patients with type 2 diabe-
tes in the US, 72% failed to achieve HbA1c targets of <7% 
at 6 months.5 Similarly, in a review of 11 randomized clinical 
trials using glargine or human basal insulin (NPH), 49% 
failed to achieve a target HbA1c <7% at 6 months.5 In agree-
ment with these studies, we observed a tendency toward 
HbA1c reduction from baseline during the study period. The 
modest difference between the active and control phases in 
the present study may be the result of short duration on inter-
vention, as well as the closed follow-up and free insulin and 
supplies provided to both groups.

Prior studies have reported low adherence to insulin regi-
mens due to complexity of treatment, limited access and 
costs.7-10 Use of mobile health technology is an emergent 
area, with promising results to improve treatment adherence, 
satisfaction and glycemic control in patients with diabetes, 

Figure 3.  (A) Changes in Hemoglobin A1c from baseline to end-of-study in each group and by study phases. (B) Changes in daily blood 
glucose from baseline to end-of-study in each group and by study phases.
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including: use of electronic reminders, mobile short message 
services,13 smartphones and wrist-worn smartwatch with 
alarms and reminders,14 and the development of smart insu-
lin pens devices with memory functions and message dis-
play.15-17 Our study indicates that incorporating a tracking 
device on insulin administration, using smartphone technol-
ogy, was well received by participants, with a tendency 
towards improved glycemic control measures.

In a recent survey, the most common factor to reduce 
insulin discontinuation was increased staff support and 
feedback from healthcare team.26 In our study, we found that 
facilitating insulin administration using mobile health tech-
nology, glycemic control was improved in patients with 
poorly controlled type 2 diabetes. Our results are in concor-
dance with recent reports of a smart connected insulin pen, 
NovoPen 6®, showing improvement of additional glycemic 
control markers such as time-in-target range (TIR) among 
patients with type 1 diabetes.27 While these results are a step 
forward, most smart insulin pens are not interchangeable 
among brands, compared to this smart insulin pen cap that 
can be added-on to most commercially available insulins in 
Europe and the United States. In fact, a recent study demon-
strated that this smart insulin pen cap used on Humalog 
KwikPen among patients with type 1 diabetes in Spain 
resulted in improved mean glucose, time in range and time-
above range, along with improvements on treatment 
satisfaction.20

This pilot study using this smart insulin pen represents a 
potential new resource to improve glycemic control in 
patients with uncontrolled diabetes, but several limitations 
are noted. We included patients with type 2 diabetes with 
long-term insulin use prior to participation, which could 
explain the lack of difference in adherence with insulin regi-
men. The study team also provided smartphones, insulin and 
supplies to all patients at no cost, which may have resulted 
in higher rates of treatment adherence and satisfaction in 
both groups. Similarly, the frequent telephones and frequent 
in-person visits allowed close supervision, may have influ-
enced glycemic control and overall high treatment satisfac-
tion in both groups. The difference in HbA1c was statistically 
significant, but of small clinical relevance. Future real-
world studies using the device in larger number of patients 
with type 1 and type 2 diabetes are needed to confirm our 
preliminary results.

In conclusion, this pilot cross-over randomized controlled 
trial using a mobile health technology showed that this smart 
insulin pen cap was safe, with a tendency towards improve-
ment in glycemic control parameters, and with overall high 
satisfaction rates. Future larger studies are needed to confirm 
these findings in a diverse population of patients with 
diabetes.
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