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Advances in smart pens 
and smart caps:

What Can They Contribute to Diabetes Management?

T
echnological advancements have progressively resha-
ped the landscape of diabetes care. In recent years, we 
have witnessed exponential growth in the use of hybrid  
closed-loop insulin pumps. Data indicate that this sin-
gular advancement has translated into better glycemic 

control in the population with type 1 diabetes mellitus (T1DM) (1).  
However, the article by Ebekozien et al. showed that only 35% of peo-

ple with T1DM use a hybrid closed-loop system. Additionally, this  
type of technology is extremely uncommon in those with type 2 
diabetes mellitus (T2DM). These numbers are even lower outside 
developed countries. Nevertheless, the full integration of con-
tinuous glucose monitoring (CGM) and insulin therapy data is a 
success story that should serve as a model for other insulin de-
livery regimens. 
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Continuing with the model of integrated 
closed-loop systems, an important aspect 
is user interaction. For other individuals 
treated with insulin who do not use the-
se systems, challenges include improving 
self-management of therapy and enhancing 
information sharing with the clinical team 
and other caregivers.

For many years, devices that recorded in-
sulin dose and injection timing with pens 
have been available. However, only recently 
has the integration of CGM data and other 
user-assistance features been introduced. 
A document from the Diabetes Area of the 
Spanish Society of Endocrinology and Nutri-
tion (SEEN), published recently, reviews the 
characteristics of marketed or soon-to-be-
marketed products and the available scien-
tific evidence. It describes various aspects, 
such as the profiles of users and professio-
nals who benefit the most, barriers to wi-
despread adoption, and changes in the care 
model that the implementation of these de-
vices may bring (2).

Essentially, there are 2 approaches from the 
perspective of the physical device: 

Some are reusable insulin pens for use with 
cartridges. 

Other solutions are caps that fit onto dispo-
sable pre-filled insulin pens. 

Regarding insulin therapy monitoring 
functions, the following can be distingui-
shed:

Downloadable insulin pens: allow data 
(dose and injection timing) to be down-
loaded and integrated with CGM data.

Connected insulin pens and caps: can con-
tinuously share information with specific 
software solutions and forward it to care-
givers.

Smart insulin pens and caps: some systems 
advise users on insulin therapy manage-
ment and can therefore be aptly termed 
“smart.”

In addition to the advantages in individual 
use for improving user adherence, other 
promising applications should be conside-
red. The role of this technology is also to 

FIGURE 1. Schematic Representation of Connected Insulin Pens and Caps
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close the loop with the diabetes team (in-
cluding interaction through telemedicine 
uses), its use in institutionalized individuals 
treated with insulin in nursing homes or 
hospitals, and, finally, its utility in clinical 
research. 

Former observational studies confirmed up 
to 43% missed bolus insulin doses or 11% 
missed basal insulin doses per week, as well 
as incorrect timing in insulin administration 
(2). Recent real-world data from users of 
Inpen and Novopen devices confirmed the 
relationship between greater punctuali-
ty or number of daily boluses with better 
time in range (TIR) (4,5). The first and only 
randomized controlled trial to test the be-
nefits of a connected cap in people with 
T2DM treated with basal insulin was publi-
shed by Rodolfo Galindo and the team at 
Emory University (6). They demonstrated 
that active use of the Insulclock system re-
sulted in lower mean daily blood glucose, 
greater HbA1c reduction, and higher ove-
rall user satisfaction. Our group published 
the first randomized controlled trial of a 
connected cap in people with T1DM (7). 
Access to integrated information using the 
Insulclock system achieved a 6% increase in 
TIR and a reduction in time above 180 mg/
dL (TAR180) through improved adherence 
to insulin doses.

The technological evolution in diabetes 
focuses on reaching integrated ecosys-
tems that incorporate, at a minimum, all 
glycemic data, meals, and physical activity. 
Some of these systems have synchronous 
or asynchronous telemedicine interaction 
features, such as chat or video chat (https://
www.insulcloud.com). All these features hi-
ghlight the fundamental role that connec-
ted pens and caps can play in the integra-
ted care of people with diabetes and their 
clinical team.

In institutional settings, such as nursing 
homes and hospitals, connected insulin 
pens and caps offer a promising solution 
to improve the accuracy and integration 
of insulin therapy data into electronic heal-
th records. By streamlining data collection 
and sharing processes, these devices have 
the potential to enhance the quality of 
care provided to residents, leading to safer 
and more efficient diabetes management 
practices. A good example is our Trescasas 
Study, a telemedicine program based on 
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CONCLUSIONS
Connected pens and caps aid in self-ma-
nagement of insulin therapy by integra-
ting this data with CGM and enabling in-
formation sharing with the clinical team 
and other caregivers. 

Observational studies and clinical trials 
have demonstrated that the use of these 
devices is associated with greater adhe-
rence to insulin therapy, better glycemic 
control, and higher satisfaction among 
people with diabetes. Their use in insti-
tutional settings such as nursing homes 
and hospitals can improve diabetes care 
in these environments. 

The evolution of these systems, integra-
ting artificial intelligence algorithms, 
can contribute to making insulin pen 
therapy as close as possible to integra-
ted closed-loop systems.

CGM and the Insulclock connected cap system, develo-
ped in seven nursing homes in Castile and León (Spain), 
including insulin-treated residents aged 68 to 102 years 
(8). The intervention achieved a more stable and safer 
glycemic profile in this complex and fragile population, 
reducing the rate of hypoglycemic events.

Regarding the role of connected insulin pens and caps in 
clinical research, some ongoing trials are already using 
these devices to track insulin therapy precisely and effi-
ciently (https://www.radial.eu/en). These decentralized 
clinical trials (DCTs) have the potential to transform cli-
nical trials by improving accessibility and data collection 
in a real-world setting while reducing the burden of par-
ticipating in clinical research. Another example is how the 
benefits of second-generation rapid insulins (“ultra-ra-
pid”) vs first-generation analogs, which had not been 
systematically demonstrated in previous pivotal clinical 
trials, were highlighted in a recent real-world study using 
insulin cap technology (9).

Nevertheless, we must emphasize that further research is 
needed to obtain robust clinical evidence of the benefits 
of this technology. 

The evolution of these systems from connected to smart 
is highly promising. Systems should be able to provide pre-
dictive advice on insulin doses and alerts to avoid hypergly-
cemia or hypoglycemia. With the integration of predictive 
algorithms and artificial intelligence-based support sys-
tems, connected insulin pens and caps are poised to offer 
personalized and proactive care that can bring the bene-
fits of integrated closed-loop systems closer to the lives of 
people treated with insulin pens. 
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