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Introduction
Diabetes mellitus remains a health challenge, with not only type 2 diabetes (T2D) but also type 1 diabetes (T1D) on the 
rise globally. Despite the previous developments in diabetes technologies and therapeutics, many people with diabetes are 
still not able to achieve glycemic goals. However, recent years have seen eye-opening advancements in diabetes 
management. From continuous glucose monitoring (CGM) to in-development continuous dual glucose and ketone 
monitoring (CGKM), automated insulin delivery (AID) systems to in-development fully closed loop systems, weekly 
basal insulin to alternate insulin delivery methods such as inhaled insulin, and weekly dual glucose-dependent insulino
tropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) agonists to in-development triple agonists, many tech
nologies and therapeutics have been developed or are currently in development. This review explores the latest 
advancements in diabetes technology and therapeutics, highlighting their clinical implications, current limitations, and 
future directions in improving outcomes for individuals with diabetes. In this review, we categorized the developments 
into therapeutics and technologies.

Recent Developments in Therapeutics
Inhaled Insulin in Pediatrics and Adults
Inhaled insulin represents a needle-free alternative for meals and correction of high glucose in both adult and pediatric 
patients. Delivered as a dry powder via an oral inhaler, inhaled insulin, such as Afrezza® (FDA approved for adults in 
2014), is rapidly absorbed in the neutral pH of the lungs, reaching the bloodstream much faster than subcutaneous 
injections.1 Its onset of action is approximately 12 minutes, with a short duration of action of 1.5 to 3 hours, making it 
ideal for postprandial glucose control and reducing the risk of insulin stacking and hypoglycemia.2–4

For adults with T1D or T2D, inhaled insulin has demonstrated comparable efficacy to rapid-acting injectable insulin, 
with added benefits such as reduced weight gain and improved patient satisfaction.5–8 It is typically used alongside 
a long-acting basal insulin to provide comprehensive glucose management. Recent studies, including the INHALE-1 
trial, which was presented at the American Diabetes Conference in 2025, have extended these findings to pediatric 
populations. In children aged 4–17 years old with T1D, inhaled insulin showed non-inferior glycemic control compared 
to injected analogs, with favorable safety outcomes and higher preference scores among patients and caregivers. A recent 
case series evaluated the use of inhaled insulin in pregnancy and found that it appears to be safe and may be a feasible 
and acceptable alternative to injectable rapid-acting insulin during pregnancy; however, controlled studies are required 
before using inhaled insulin routinely in this population.9

Inhaled insulin is contraindicated for individuals with chronic lung conditions like asthma or chronic obstructive 
pulmonary disease (COPD) due to the risk of bronchospasm.10 Although minimal changes in pulmonary function have 
been seen with inhaled insulin,11 spirometry testing is required prior to initiation and periodically throughout treatment to 
monitor lung function. The goal includes a forced expiratory volume in one second (FEV1) ≥ 70% of predicted. A ≥ 20% 

Diabetes, Metabolic Syndrome and Obesity 2025:18 4675–4682                                         4675
© 2025 Akturk et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                       

Open Access Full Text Article

Received: 18 November 2025
Accepted: 20 November 2025
Published: 20 December 2025

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-4518-5179
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


decline in FEV1 from baseline may warrant discontinuation of therapy. Overall, inhaled insulin offers a fast-acting, discreet, 
and patient-friendly option that may improve adherence and quality of life for people managing diabetes across age groups.

GLP-1 Use in T1D
The prevalence of obesity is growing in those living with T1D despite the historical phenotype being characterized by 
low to normal weight.12 While the reasons for this increasing body mass index (BMI) include lifestyle concerns similar 
to the general population, some are unique to the T1D population, like the necessary intake of extra carbohydrates to 
avoid hypoglycemia.13,14 Many people with T1D are failing to reach glycemic targets even with high doses of insulin that 
can contribute to subsequent weight gain.15 This in turn can lead to additional insulin resistance, resulting in a vicious 
cycle.13 Given these difficulties, there is significant interest in the use of adjuvant medications for this population, 
particularly ones that can also help with weight loss. With the positive impact of GLP-1 in those with T2D, there has 
been a growing interest in the use for those with T1D.

Previous studies on older formulations of GLP-1, like liraglutide and exenatide, showed modest improvements in 
hemoglobin A1c (HbA1c) and weight loss.16 However, due to the increased risk of mild ketosis with liraglutide with lack 
of significant glycemic improvements, it was not filed for FDA approval for T1D.17,18 However, interest has been 
renewed with the increased effectiveness of the newer GLP-1 agents (semaglutide) and the GIP/GLP1 dual agonists 
(tirzepatide) on weight loss. In retrospective studies of overweight and obese adults with T1D, those taking semaglutide 
or tirzepatide showed greater improvements in weight and HbA1c when compared to matched controls without increased 
adverse effects.18–21 Additionally, retrospective, uncontrolled data in youth with T1D have been promising in regard to 
weight loss, improved glycemia, and insulin dose reduction.22 Off-label use of GLP-1 and dual agonists has been 
increasingly common for those with T1D. However, additional research into the safety and efficacy through double 
blinded randomized control trials is required prior to FDA approval and subsequent widespread use.

Dual, Triple GLP-1 Agonists for Weight Loss, T2D, and MASH
The expanding worldwide obesity epidemic is associated with multiple significant comorbidities. Metabolic syndrome, 
with abdominal obesity, T2D, and abnormal lipid profile, is increasingly common. Metabolic Dysfunction-Associated 
Steatotic Liver Disease (MASLD) (formerly non-alcoholic fatty liver disease) affects a quarter of adults globally.23 

Insulin resistance in adipocytes from weight gain can lead to dysregulated lipolysis.24 Excessive delivery of these fatty 
acids to the liver can then drive hepatic de novo lipogenesis.25 Steatosis, or accumulation of fat in the liver, can progress 
to the fibrosis and cirrhosis, characteristic of Metabolic Dysfunction-Associated Steatohepatitis (MASH) (formerly non- 
alcoholic steatohepatitis). MASH can subsequently advance to end stage liver disease and may require transplantation.25

Currently, there are no pharmacologic interventions specifically targeting MASLD or MASH, with lifestyle mod
ification and weight loss remaining the cornerstone of treatment. However, the improvements seen with weight loss can 
be significant, with much of the fibrosis resolving with 10% weight loss.23 GLP-1RAs have been studied in the treatment 
of T2D, where it helps promote insulin secretion from the pancreatic β-cells, decrease glucagon secretion delaying gastric 
emptying, and improving glucose uptake in adipose tissues and skeletal muscles.24 They have also been studied for the 
treatment of complications from T2D, including MASH26 where some histologic improvements have been seen with 
semaglutide use.25 However, dual and triple agents show greater potential for weight loss, glycemic management, and 
treatment of MASH due to the additional mechanisms of action, particularly ones including glucagon receptor agonists. 
Glucagon agonists stimulate hepatic beta oxidation of fatty acids, reduce lipogenesis, and leads to greater energy 
expenditure than GLP-1 alone. This may allow for greater liver fat reduction and weight loss than single agents.23

Studies of dual (Pemvidutide [GLP-1/glucagon receptor dual agonists]23 and triple (Retatrutide [GLP-1, GIP, and 
glucagon receptor agonist]25 have shown promise in the treatment of T2D and MASH. Liver fat reductions appear 
greatest with triple agonists or GLP/glucagon dual agonists compared to GIP/GLP-1 dual agonists,25 though all showed 
improvement compared to placebo groups.27,28
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Weekly Basal Insulins
Basal insulin therapy is the mainstay of glycemic management in T1D and insulin-treated T2D. After the introduction of 
insulin degludec and long-acting insulin glargine (U300), a new era has opened in basal insulin management. The idea of 
weekly injections was tempting, as previously introduced weekly GLP-1 therapies improved adherence, convenience and 
glycemic outcomes. Weekly basal insulins are engineered for ultra-long action through molecular modifications that extend 
their half-life and maintain stable pharmacokinetic (PK) and pharmacodynamic (PD) profiles. There are currently two 
weekly basal insulins under development (some approved in Europe and Asia but no FDA approval as of October 2025).

Insulin Icodec developed by Novo Nordisk showed non-inferiority in HbA1c reduction compared to standard of care 
basal insulin (insulin glargine U100/300 and degludec) in T1D and T2D in several ONWARDS trials.29–33 Recently, 
FDA rejected its approval for T1D citing increased risk of hypoglycemia. In the ONWARDS 6 trial, adults with T1D 
receiving insulin icodec had higher rates of level two and level three hypoglycemia than adults receiving once-daily 
insulin degludec.34 HbA1c changes from baseline to 26 weeks were similar between the two groups.

Insulin efsitora alfa developed by Eli Lilly showed non-inferiority in HbA1c reduction compared to standard of care 
basal insulin (insulin glargine U100 and degludec) in T2D in several QWINT trials.35,36 In the QWINT 5 trial, rates of 
combined level two or level three severe hypoglycemia were higher with efsitora compared with degludec.35 Remaining 
Phase 3 trials are ongoing.

Weekly insulins have a potential to be used first in T2D, and likely in the near future in T1D. It may be combined 
with GLP-1 analogs and decrease the injections for insulin-dependent people with diabetes. Titration complexity, loading 
dose, missing dose mitigation, cost and accessibility after marketing are limitations.

Recent Developments in Technology
New Developments in CGM Space
CGMs have undergone significant advancements in recent years, reshaping diabetes care through smarter, more accurate, 
and more accessible technology. These advancements are driven by innovations in wearable devices, sensor miniaturiza
tion, and digital health integration. The use of CGMs in routine care has significantly improved glycemic control37,38 and 
is now recommended as part of standard diabetes management.39

Newer devices, such as the Dexcom G7, Abbott FreeStyle Libre 3 Plus, and MiniMed Simplera, offer faster warm-up 
times, smaller profiles, all-in-one functionality, and enhanced connectivity with smart phones and AID systems.40 Beyond 
routine diabetes management, CGMs are increasingly being adopted by non-insulin users and individuals focused on 
metabolic health.41,42 Modern CGMs additionally now include AI-powered tools like photo-based meal logging and 
predictive glucose analytics, helping users better understand how food and lifestyle choices affect their glucose levels.40

A unique system, the Eversense 365 CGM, features a 365-day subcutaneously implanted sensor with a removable 
transmitter.43 This design offers an alternative system that may reduce the burden of wear, including minimizing pain and 
discomfort associated with frequent subcutaneous insertion (every 7–15 days) and mitigating skin irritation from 
adhesives designed to be worn for extended periods of time.

Further innovations in the CGM space include the exploration of non-invasive glucose monitoring methods, such as light- 
based technologies (eg, spectroscopy and fluorescence),44,45 electromagnetic approaches (eg, microwave and 
radiofrequency),45,46 and biofluid-based sensors (eg, sweat, tears, saliva).47 More research is needed in these areas to ensure 
sufficient accuracy for insulin dosing decisions.

Additionally, integrating multiple analytes into a single sensor, such as lactate and ketones, provides richer information for 
health management. Among these, continuous ketone monitoring (CKM) has made the most progress48,49 with anticipated 
commercial availability in 2026. However, further research is needed to assess the real-world utility of continuous ketone data, 
its impact on diabetes-related outcomes (including diabetic ketoacidosis (DKA) and glycemic control) and its integration into 
AID algorithms.

CGM data are essential for the functionality of AID systems, AI-based dosing algorithms, and glucose tracking tools 
and individually improves glycemic control for people with diabetes. CGMs are evolving from simple monitoring 
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devices into intelligent health platforms, integrating with wearables, electronic health records, and telemedicine to enable 
personalized, proactive diabetes management.

New Developments in AID Space
AID systems have seen remarkable advancements, transforming diabetes management through smarter, more adaptive 
algorithms. These systems integrate CGMs with insulin pumps and algorithms to mimic the function of a healthy 
pancreas through glucose-responsive automatic insulin delivery. While use of CGM alone has shown significant 
improvements in glycemic control in people with diabetes, AID systems are able to achieve even further 
improvements50 and are currently being recommended as the standard of care for people with T1D,39 and becoming 
more widely used in people with T2D not succeeding on current medical management.

AID systems currently FDA approved in the US include the Tandem t: slim X2 and Mobi pumps with Control-IQ+ 
technology, the MiniMed™ 780G with Smart Guard, the Insulet Omnipod® 5 (OP5) system, the Beta Bionics iLet, and 
the newest FDA approved system from Sequel Med Tech and Tidepool Loop, the twiist™ AID system.40 Clinical trials 
with these systems have shown significant reductions in HbA1c in both adult and pediatric patients with T1D (other than 
twiist which received FDA approval through modern mechanisms and have not conducted clinical trials in T1D and T2D 
though data has been published on the real-world use of the Tidepool Loop algorithm).51–56 Several systems have 
additionally received recent FDA approval for T2D (Insulet’s OP5, Tandem’s Control-IQ+, and MiniMed’s 780G) and 
their efficacy have been shown in recent clinical trials.57,58

AID systems are continuing to advance, with improved opportunities to tighten glycemic control (such as with the 
twiist AID system, which features more tunable parameters than any other device currently available), and reduce burden 
(such as with the iLet AID system, which requires only weight to initiate and does not utilize specific carbohydrate 
counting for mealtime insulin dosing). The next step in AID system development is moving towards a fully closed-loop 
system, which requires little to no user interaction and no food insulin bolusing.59,60 Early work with a variety of fully 
closed-loop systems has been promising.61–63 Additional advancements in AID systems, which may further support the 
move towards a fully closed-loop system, include the use of multiple hormones, such as insulin along with glucagon or 
pramlintide.64–67 These innovations mark a shift toward more personalized, seamless, and user-friendly diabetes care, 
bringing us closer to a future where insulin therapy is intuitive, automated, and less intrusive.

AID Use in T2D
AID systems have led to significant glycemic improvements for people living with T1D across all age groups and health 
statuses.68–70 Given the marked glycemic and quality of life improvements with this technology, there has been interest in 
the use for people living with T2D who are not currently meeting the glycemic target on multiple medical therapies. 
However, there has been hesitation in the use of these systems due to psychological factors, particularly related to a fear 
of hypoglycemia, unfamiliarity with the systems, and lack of experience with prandial insulin.71 Across multiple 
countries and systems, the use of any AID system for people with T2D is associated with improvements in HbA1c, 
time in range (70–180 mg/dL),72–74 and both daytime and overnight glycemic control.74 There were no increases in 
severe hypoglycemia or diabetic ketoacidosis (DKA) or hyperosmolar hyperglycemic state (HHS), including in older 
adults.75 In some studies, but not all, those with the highest baseline HbA1c had some increased weight gain with the use 
of AID, potentially due to increased insulin administration.57,72

Benefits of AID systems are seen across a variety of subgroups, including those not previously receiving prandial insulin. 
Intensive carbohydrate counting education does not appear to be required.74 Additionally, frequent hyperglycemia correction 
insulin dosing or engagement with the pump does not appear to be necessary for glycemic improvement, as the system’s ability 
to automatically increase insulin delivery based on rise in glucose levels via basal insulin changes or autocorrections may be 
more useful for glycemic control compared to mealtime announcement. These systems also appear safe for people with T2D 
on other medical therapies like GLP-1 and sodium-glucose cotransporter 2 (SGLT-2) inhibitors.74 Participants reported high 
satisfaction with the AID systems,73 especially related to sleep quality.57 AID systems remain a viable source for those living 
with T2D. There is the potential for improvements in both glycemic control and quality of life, without a need for additional 
education around carb counting. Additional study, particularly in the younger population,24 is required.
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Conclusions
Recent years have witnessed a shift in diabetes management driven by advancements in technology and therapeutics. The 
improvements in CGM and AID systems, as well as digital health technologies, have shaped the treatment of diabetes. 
Advances in diabetes and obesity medications with additional benefits with cardiorenal protection opened a new era in 
preventing long-term complications. The next phase is to bring these therapeutic options to the people in need through 
increased insurance coverage and decreased cost. In summary, the evolving landscape of diabetes technology and 
therapeutics not only improves glycemic control but also transforms the lived experience of people with diabetes.

Data Sharing Statement
Data sharing is not applicable to this article as no data were created or analyzed in this study.

Author Contributions
H.K.A, L.A.W and E.C.C – Conceptualization, Writing – original draft and Writing – review and editing. All authors 
gave final approval of the version to be published; have agreed on the journal to which the article has been submitted; and 
agree to be accountable for all aspects of the work.

Funding
No funding was received.

Disclosure
H.K.A received research support and honorarium through University of Colorado from Medtronic, Tandem Diabetes, 
Roche, Abbott Diabetes and Dexcom; grants from Abbott Diabetes Care and Roche, and consulting fees from Dexcom, 
Roche and Medtronic. L.A.W conducts research with Eli Lilly. E.C.C conducts research funded through the University of 
Colorado with Medtronic, Tandem Diabetes, Insulet, Beta Bionics, Sequel Med Tech, Luna Health, Dexcom, Abbott 
Diabetes, Eli Lilly. The authors declare no other conflicts of interest.

References
1. Heinemann L, Baughman R, Boss A, et al. Pharmacokinetic and pharmacodynamic properties of a novel inhaled insulin. J Diabetes Sci Technol. 

2017;11(1):148–156. doi:10.1177/1932296816658055
2. Grant M, Heise T, Baughman R. Comparison of pharmacokinetics and pharmacodynamics of inhaled technosphere insulin and subcutaneous insulin 

lispro in the treatment of type 1 diabetes mellitus. Clin Pharmacokinet. 2022;61(3):413–422. doi:10.1007/s40262-021-01084-0
3. Kaiserman KB, Christiansen M, Bhavsar S, et al. Reduction in postprandial peak glucose with increased technosphere insulin dosage. J Diabetes 

Sci Technol. 2024;18(2):397–401. doi:10.1177/19322968221110622
4. Haller MJ, Jones MC, Bhavsar S, et al. Time-action profile of technosphere insulin in children with type 1 diabetes. Diabetes Ther. 2023;14 

(3):611–617. doi:10.1007/s13300-023-01368-7
5. Rosenstock J, Bergenstal R, Defronzo RA, et al. Efficacy and safety of technosphere inhaled insulin compared with technosphere powder placebo 

in insulin-naive type 2 diabetes suboptimally controlled with oral agents. Diabetes Care. 2008;31(11):2177–2182. doi:10.2337/dc08-0315
6. Hirsch IB, Beck RW, Marak MC, et al. A randomized trial comparing inhaled insulin plus basal insulin versus usual care in adults with type 1 

diabetes. Diabetes Care. 2025;48(3):353–360. doi:10.2337/dc24-1832
7. Hoogwerf BJ, Pantalone KM, Basina M, et al. Results of a 24-week trial of technosphere insulin versus insulin aspart in type 2 diabetes. Endocr 

Pract. 2021;27(1):38–43. doi:10.1016/j.eprac.2020.11.002
8. Akturk HK, Snell-Bergeon JK, Rewers A, et al. Improved postprandial glucose with inhaled technosphere insulin compared with insulin aspart in 

patients with type 1 diabetes on multiple daily injections: the stat study. Diabetes Technol Ther. 2018;20(10):639–647. doi:10.1089/dia.2018.0200
9. Rickert MC, Barbour LA, Bode BW, et al. Inhaled insulin in pregnancy: a case series supporting feasibility and clinical potential for pregnant 

people with diabetes. Pregnancy. 2025;1:e70065. doi:10.1002/pmf2.70065
10. Potocka E, Amin N, Cassidy J, et al. Insulin pharmacokinetics following dosing with technosphere insulin in subjects with chronic obstructive 

pulmonary disease. Curr Med Res Opin. 2010;26(10):2347–2353. doi:10.1185/03007995.2010.511971
11. Raskin P, Heller S, Honka M, et al. Pulmonary function over 2 years in diabetic patients treated with prandial inhaled technosphere insulin or usual 

antidiabetes treatment: a randomized trial. Diabetes Obes Metab. 2012;14(2):163–173. doi:10.1111/j.1463-1326.2011.01500.x
12. Bailey R, Calhoun P, Garg SK. Weight gain and glycemic control in adults with type 1 diabetes in the t1d exchange registry. Diabetes Technol Ther. 

2024;26(3):156–160. doi:10.1089/dia.2023.0389
13. Vilarrasa N, San Jose P, Rubio M, et al. Obesity in patients with type 1 diabetes: links, risks and management challenges. Diabetes Metab Syndr 

Obes. 2021;14:2807–2827. doi:10.2147/dmso.S223618
14. Kueh MTW, Chew NWS, Al-Ozairi E, et al. The emergence of obesity in type 1 diabetes. Int J Obes. 2024;48(3):289–301. doi:10.1038/s41366- 

023-01429-8

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S580423                                                                                                                                                                                                                                                                                                                                                                                                   4679

Akturk et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1177/1932296816658055
https://doi.org/10.1007/s40262-021-01084-0
https://doi.org/10.1177/19322968221110622
https://doi.org/10.1007/s13300-023-01368-7
https://doi.org/10.2337/dc08-0315
https://doi.org/10.2337/dc24-1832
https://doi.org/10.1016/j.eprac.2020.11.002
https://doi.org/10.1089/dia.2018.0200
https://doi.org/10.1002/pmf2.70065
https://doi.org/10.1185/03007995.2010.511971
https://doi.org/10.1111/j.1463-1326.2011.01500.x
https://doi.org/10.1089/dia.2023.0389
https://doi.org/10.2147/dmso.S223618
https://doi.org/10.1038/s41366-023-01429-8
https://doi.org/10.1038/s41366-023-01429-8


15. Ebekozien O, Mungmode A, Sanchez J, et al. Longitudinal trends in glycemic outcomes and technology use for over 48,000 people with type 1 
diabetes (2016-2022) from the t1d exchange quality improvement collaborative. Diabetes Technol Ther. 2023;25(11):765–773. doi:10.1089/ 
dia.2023.0320

16. Rebelos E, Anastasiou IA, Tentolouris N, et al. Glucagon-like peptide-1 receptor agonists as add-on therapy to insulin for type 1 diabetes mellitus: 
a systematic review and meta-analysis. Hormones. 2025. doi:10.1007/s42000-025-00704-9

17. Mathieu C, Zinman B, Hemmingsson JU, et al. Efficacy and safety of liraglutide added to insulin treatment in type 1 diabetes: the adjunct one 
treat-to-target randomized trial. Diabetes Care. 2016;39(10):1702–1710. doi:10.2337/dc16-0691

18. Akturk HK, Dong F, Snell-Bergeon JK, et al. Efficacy and safety of tirzepatide in adults with type 1 diabetes: a proof of concept observational 
study. J Diabetes Sci Technol. 2025;19(2):292–296. doi:10.1177/19322968231223991

19. Garg SK, Kaur G, Haider Z, et al. Efficacy of semaglutide in overweight and obese patients with type 1 diabetes. Diabetes Technol Ther. 2024;26 
(3):184–189. doi:10.1089/dia.2023.0490

20. Garg SK, Akturk HK, Kaur G, et al. Efficacy and safety of tirzepatide in overweight and obese adult patients with type 1 diabetes. Diabetes Technol 
Ther. 2024;26(6):367–374. doi:10.1089/dia.2024.0050

21. Snell-Bergeon JK, Kaur G, Renner D, et al. Effectiveness of semaglutide and tirzepatide in overweight and obese adults with type 1 diabetes. 
Diabetes Technol Ther. 2025;27(1):1–9. doi:10.1089/dia.2024.0328

22. Lopach CM, Dobbs TJ, Zimmerman C, Forlenza GP, Alonso GT, Nadeau KJ. Glucagon-like peptide-1 receptor agonists (glp-1-ra) and glp-1/ 
gastrointestinal peptide ra (glp-1/gip-ra) use in adolescents and young adults with type 1 diabetes and overweight or obesity. Diabet Technol Obes 
Med. 2025;1:50–5. doi:10.1089/dtom.2025.0018

23. Harrison SA, Browne SK, Suschak JJ, et al. Effect of pemvidutide, a glp-1/glucagon dual receptor agonist, on masld: a randomized, double-blind, 
placebo-controlled study. J Hepatol. 2025;82(1):7–17. doi:10.1016/j.jhep.2024.07.006

24. Młynarska E, Czarnik W, Dzieża N, et al. Type 2 diabetes mellitus: new pathogenetic mechanisms, treatment and the most important complications. 
Int J Mol Sci. 2025;26(3):1094. doi:10.3390/ijms26031094

25. Sanyal AJ, Kaplan LM, Frias JP, et al. Triple hormone receptor agonist retatrutide for metabolic dysfunction-associated steatotic liver disease: 
a randomized phase 2a trial. Nat Med. 2024;30(7):2037–2048. doi:10.1038/s41591-024-03018-2

26. Nevola R, Epifani R, Imbriani S, et al. Glp-1 receptor agonists in non-alcoholic fatty liver disease: current evidence and future perspectives. 
Int J Mol Sci. 2023;24(2):1703. doi:10.3390/ijms24021703

27. Loomba R, Hartman ML, Lawitz EJ, et al. Tirzepatide for metabolic dysfunction-associated steatohepatitis with liver fibrosis. N Engl J Med. 
2024;391(4):299–310. doi:10.1056/NEJMoa2401943

28. Hartman ML, Sanyal AJ, Loomba R, et al. Effects of novel dual gip and glp-1 receptor agonist tirzepatide on biomarkers of nonalcoholic 
steatohepatitis in patients with type 2 diabetes. Diabetes Care. 2020;43(6):1352–1355. doi:10.2337/dc19-1892

29. Lingvay I, Asong M, Desouza C, et al. Once-weekly insulin icodec vs once-daily insulin degludec in adults with insulin-naive type 2 diabetes: the 
onwards 3 randomized clinical trial. JAMA. 2023;330(3):228–237. doi:10.1001/jama.2023.11313

30. Philis-Tsimikas A, Asong M, Franek E, et al. Switching to once-weekly insulin icodec versus once-daily insulin degludec in individuals with basal 
insulin-treated type 2 diabetes (onwards 2): a phase 3a, randomised, open label, multicentre, treat-to-target trial. Lancet Diabetes Endocrinol. 
2023;11(6):414–425. doi:10.1016/s2213-8587(23)00093-1

31. Bajaj HS, Aberle J, Davies M, et al. Once-weekly insulin icodec with dosing guide app versus once-daily basal insulin analogues in insulin-naive 
type 2 diabetes (onwards 5): a randomized trial. Ann Intern Med. 2023;176(11):1476–1485. doi:10.7326/m23-1288

32. Mathieu C, Ásbjörnsdóttir B, Bajaj HS, et al. Switching to once-weekly insulin icodec versus once-daily insulin glargine u100 in individuals with 
basal-bolus insulin-treated type 2 diabetes (onwards 4): a phase 3a, randomised, open-label, multicentre, treat-to-target, non-inferiority trial. Lancet. 
2023;401(10392):1929–1940. doi:10.1016/s0140-6736(23)00520-2

33. Russell-Jones D, Babazono T, Cailleteau R, et al. Once-weekly insulin icodec versus once-daily insulin degludec as part of a basal-bolus regimen in 
individuals with type 1 diabetes (onwards 6): a phase 3a, randomised, open-label, treat-to-target trial. Lancet. 2023;402(10413):1636–1647. 
doi:10.1016/s0140-6736(23)02179-7

34. Meier M, Hagans J, Brackett C. Once-weekly basal insulin therapy in type 1 diabetes: a paradigm shift or a work in progress? Am J Health Syst 
Pharm. 2025;82(22):1220–1227. doi:10.1093/ajhp/zxaf169

35. Bergenstal RM, Weinstock RS, Mathieu C, et al. Once-weekly insulin efsitora alfa versus once-daily insulin degludec in adults with type 1 diabetes 
(qwint-5): a phase 3 randomised non-inferiority trial. Lancet. 2024;404(10458):1132–1142. doi:10.1016/s0140-6736(24)01804-x

36. Philis-Tsimikas A, Bergenstal RM, Bailey TS, et al. Once-weekly insulin efsitora alfa versus once-daily insulin degludec in adults with type 2 
diabetes currently treated with basal insulin (qwint-3): a phase 3, randomised, non-inferiority trial. Lancet. 2025;405(10497):2279–2289. 
doi:10.1016/s0140-6736(25)01044-x

37. Mann EA, Rompicherla S, Miyazaki B, et al. Early continuous glucose monitor use in children and adolescents with type 1 diabetes: rates of 
initiation and impact on glycemic outcomes. Diabetes Care. 2025;48(5):768–775. doi:10.2337/dc25-0076

38. Champakanath A, Akturk HK, Alonso GT, et al. Continuous glucose monitoring initiation within first year of type 1 diabetes diagnosis is associated 
with improved glycemic outcomes: 7-year follow-up study. Diabetes Care. 2022;45(3):750–753. doi:10.2337/dc21-2004

39. American Diabetes Association. 7.Diabetes technology: standards of care in diabetes-2025. Diabetes Care. 2025;48(1 Suppl 1):S146–s166. 
doi:10.2337/dc25-S007

40. Akturk HK, Bindal A. Advances in diabetes technology within the digital diabetes ecosystem. J Manag Care Spec Pharm. 2024;30(10–b Suppl): 
S7–s20. doi:10.18553/jmcp.2024.30.10-b.s7

41. Klonoff DC, Nguyen KT, Xu NY, et al. Use of continuous glucose monitors by people without diabetes: an idea whose time has come? J Diabetes 
Sci Technol. 2023;17(6):1686–1697. doi:10.1177/19322968221110830

42. Zahalka SJ, Akturk HK, Galindo RJ, et al. Continuous glucose monitoring for prediabetes: roles, evidence, and gaps. Endocr Pract. 2025;31 
(8):1054–1060. doi:10.1016/j.eprac.2025.05.742

43. Bailey TS, Liljenquist DR, Denham DS, et al. Evaluation of accuracy and safety of the 365-day implantable eversense continuous glucose 
monitoring system: the enhance study. Diabetes Technol Ther. 2025;27(5):407–411. doi:10.1089/dia.2024.0592

44. Leung HMC, Gong C, Geiser L, et al. Clinical evaluation of a polarization-based optical noninvasive glucose sensing system. Sci Rep. 2025;15 
(1):8877. doi:10.1038/s41598-025-92515-6

https://doi.org/10.2147/DMSO.S580423                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 4680

Akturk et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1089/dia.2023.0320
https://doi.org/10.1089/dia.2023.0320
https://doi.org/10.1007/s42000-025-00704-9
https://doi.org/10.2337/dc16-0691
https://doi.org/10.1177/19322968231223991
https://doi.org/10.1089/dia.2023.0490
https://doi.org/10.1089/dia.2024.0050
https://doi.org/10.1089/dia.2024.0328
https://doi.org/10.1089/dtom.2025.0018
https://doi.org/10.1016/j.jhep.2024.07.006
https://doi.org/10.3390/ijms26031094
https://doi.org/10.1038/s41591-024-03018-2
https://doi.org/10.3390/ijms24021703
https://doi.org/10.1056/NEJMoa2401943
https://doi.org/10.2337/dc19-1892
https://doi.org/10.1001/jama.2023.11313
https://doi.org/10.1016/s2213-8587(23)00093-1
https://doi.org/10.7326/m23-1288
https://doi.org/10.1016/s0140-6736(23)00520-2
https://doi.org/10.1016/s0140-6736(23)02179-7
https://doi.org/10.1093/ajhp/zxaf169
https://doi.org/10.1016/s0140-6736(24)01804-x
https://doi.org/10.1016/s0140-6736(25)01044-x
https://doi.org/10.2337/dc25-0076
https://doi.org/10.2337/dc21-2004
https://doi.org/10.2337/dc25-S007
https://doi.org/10.18553/jmcp.2024.30.10-b.s7
https://doi.org/10.1177/19322968221110830
https://doi.org/10.1016/j.eprac.2025.05.742
https://doi.org/10.1089/dia.2024.0592
https://doi.org/10.1038/s41598-025-92515-6


45. Martins AJL, Velásquez RJ, Gaillac DB, et al. A comprehensive review of non-invasive optical and microwave biosensors for glucose monitoring. 
Biosens Bioelectron. 2025;271(117081):117081. doi:10.1016/j.bios.2024.117081

46. Hanna J, Tawk Y, Azar S, et al. Wearable flexible body matched electromagnetic sensors for personalized non-invasive glucose monitoring. Sci 
Rep. 2022;12(1):14885. doi:10.1038/s41598-022-19251-z

47. Reddy VS, Agarwal B, Ye Z, et al. Recent advancement in biofluid-based glucose sensors using invasive, minimally invasive, and non-invasive 
technologies: a review. Nanomaterials. 2022;12(7):1082. doi:10.3390/nano12071082

48. Alva S, Castorino K, Cho H, et al. Feasibility of continuous ketone monitoring in subcutaneous tissue using a ketone sensor. J Diabetes Sci Technol. 
2021;15(4):768–774. doi:10.1177/19322968211008185

49. Kong YW, Jones HC, Ngan J, et al. Preventing diabetic ketoacidosis with continuous ketone monitoring: insights from a clinical research case. 
Diabetes Technol Ther. 2025. doi:10.1177/15209156251362494

50. Sawyer A, Sobczak M, Forlenza GP, et al. Glycemic control in relation to technology use in a single-center cohort of children with type 1 diabetes. 
Diabetes Technol Ther. 2022;24(6):409–415. doi:10.1089/dia.2021.0471

51. Carlson AL, Sherr JL, Shulman DI, et al. Safety and glycemic outcomes during the MiniMed™ advanced hybrid closed-loop system pivotal trial in 
adolescents and adults with type 1 diabetes. Diabetes Technol Ther. 2022;24(3):178–189. doi:10.1089/dia.2021.0319

52. Brown SA, Kovatchev BP, Raghinaru D, et al. Six-month randomized, multicenter trial of closed-loop control in type 1 diabetes. N Engl J Med. 
2019;381(18):1707–1717. doi:10.1056/NEJMoa1907863

53. Brown SA, Forlenza GP, Bode BW, et al. Multicenter trial of a tubeless, on-body automated insulin delivery system with customizable glycemic 
targets in pediatric and adult participants with type 1 diabetes. Diabetes Care. 2021;44(7):1630–1640. doi:10.2337/dc21-0172

54. Russell SJ, Beck RW, Damiano ER, et al. Multicenter, randomized trial of a bionic pancreas in type 1 diabetes. N Engl J Med. 2022;387 
(13):1161–1172. doi:10.1056/NEJMoa2205225

55. Breton MD, Kanapka LG, Beck RW, et al. A randomized trial of closed-loop control in children with type 1 diabetes. N Engl J Med. 2020;383 
(9):836–845. doi:10.1056/NEJMoa2004736

56. Lum JW, Bailey RJ, Barnes-Lomen V, et al. A real-world prospective study of the safety and effectiveness of the loop open source automated 
insulin delivery system. Diabetes Technol Ther. 2021;23(5):367–375. doi:10.1089/dia.2020.0535

57. Pasquel FJ, Davis GM, Huffman DM, et al. Automated insulin delivery in adults with type 2 diabetes: a nonrandomized clinical trial. JAMA Netw 
Open. 2025;8(2):e2459348. doi:10.1001/jamanetworkopen.2024.59348

58. Kudva YC, Raghinaru D, Lum JW, et al. A randomized trial of automated insulin delivery in type 2 diabetes. N Engl J Med. 2025;392 
(18):1801–1812. doi:10.1056/NEJMoa2415948

59. Akturk HK, Brown SA, Beck RW, et al. Registration and real-life studies on automated insulin delivery systems. Diabetes Technol Ther. 2025;27 
(S3):S48–s59. doi:10.1089/dia.2025.0130

60. Bergenstal RM, Heller A, Breton MD, et al. Evolution of the artificial pancreas: components and integration-cgms, insulin, and ap systems. 
J Diabetes Sci Technol. 2025;19(4):883–894. doi:10.1177/19322968251342239

61. Pryor EC, Moscoso-Vasquez M, Fulkerson D, et al. Miniaturized neural networks for deploying fully closed loop insulin delivery systems: a pilot 
study featuring flexible meal announcement options. J Diabetes Sci Technol. 2025;19:19322968251364283. doi:10.1177/19322968251364283

62. Wilkinson T, Donnelly S, Lever C, et al. First in human feasibility study: automated insulin delivery utilizing a self-adapting algorithm in adults 
with type 1 and type 2 diabetes. J Diabetes Sci Technol. 2025:19322968251349528. doi: 10.1177/19322968251349528

63. Kadiyala N, Lakshman R, Allen J, et al. Fully closed-loop improves glycemic control compared with pump with cgm in adolescents with type 1 diabetes 
and hba1c above target: a two-center, randomized crossover study. Diabetes Technol Ther. 2025;27(9):719–727. doi:10.1089/dia.2025.0062

64. Wu Z, Lebbar M, Taleb N, et al. Comparing dual-hormone and single-hormone automated insulin delivery systems on nocturnal glucose management 
among children and adolescents with type 1 diabetes: a pooled analysis. Diabetes Obes Metab. 2023;25(1):310–313. doi:10.1111/dom.14850

65. Majdpour D, Tsoukas MA, Yale JF, et al. Fully automated artificial pancreas for adults with type 1 diabetes using multiple hormones: exploratory 
experiments. Can J Diabetes. 2021;45(8):734–742. doi:10.1016/j.jcjd.2021.02.002

66. Castle JR, El Youssef J, Wilson LM, et al. Randomized outpatient trial of single- and dual-hormone closed-loop systems that adapt to exercise using 
wearable sensors. Diabetes Care. 2018;41(7):1471–1477. doi:10.2337/dc18-0228

67. Cohen E, Tsoukas MA, Legault L, et al. Simple meal announcements and pramlintide delivery versus carbohydrate counting in type 1 diabetes with 
automated fast-acting insulin aspart delivery: a randomised crossover trial in Montreal, Canada. Lancet Digit Health. 2024;6(7):e489–e499. 
doi:10.1016/s2589-7500(24)00092-x

68. de Visser HS, Waraich S, Chhabra M, et al. Automated insulin delivery systems and glucose management in children and adolescents with type 1 
diabetes: a systematic review and meta-analysis. JAMA Pediatr. 2025;179(11):1162. doi:10.1001/jamapediatrics.2025.2740

69. Pham AQ, Lingvay I, Ahmadi N, et al. Use of commercially available automated insulin delivery systems in pregnant people with type 1 diabetes. 
Diabetes Res Clin Pract. 2025;228(112454):112454. doi:10.1016/j.diabres.2025.112454

70. Noor N, Kamboj MK, Triolo T, et al. Hybrid closed-loop systems and glycemic outcomes in children and adults with type 1 diabetes: real-world 
evidence from a u.S.-based multicenter collaborative. Diabetes Care. 2022;45(8):e118–e119. doi:10.2337/dc22-0329

71. Gavin JR, Abaniel RM, Virdi NS. Therapeutic inertia and delays in insulin intensification in type 2 diabetes: a literature review. Diabetes Spectr. 
2023;36(4):379–384. doi:10.2337/ds22-0084

72. Anderer S. Automated insulin delivery may benefit patients with type 2 diabetes. JAMA. 2025;333(19):1659. doi:10.1001/jama.2025.4670
73. Levy CJ, Raghinaru D, Kudva YC, et al. Beneficial effects of control-iq automated insulin delivery in basal-bolus and basal-only insulin users with 

type 2 diabetes. Clin Diabetes. 2024;42(1):116–124. doi:10.2337/cd23-0025
74. Bhargava A, Bergenstal RM, Warren ML, et al. Safety and effectiveness of MiniMedTM 780g advanced hybrid closed-loop insulin intensification in 

adults with insulin-requiring type 2 diabetes. Diabetes Technol Ther. 2025;27(5):366–375. doi:10.1089/dia.2024.0586
75. Reznik Y, Carvalho M, Fendri S, et al. Should people with type 2 diabetes treated by multiple daily insulin injections with home health care support 

be switched to hybrid closed-loop? The close ap+ randomized controlled trial. Diabetes Obes Metab. 2024;26(2):622–630. doi:10.1111/dom.15351

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S580423                                                                                                                                                                                                                                                                                                                                                                                                   4681

Akturk et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.bios.2024.117081
https://doi.org/10.1038/s41598-022-19251-z
https://doi.org/10.3390/nano12071082
https://doi.org/10.1177/19322968211008185
https://doi.org/10.1177/15209156251362494
https://doi.org/10.1089/dia.2021.0471
https://doi.org/10.1089/dia.2021.0319
https://doi.org/10.1056/NEJMoa1907863
https://doi.org/10.2337/dc21-0172
https://doi.org/10.1056/NEJMoa2205225
https://doi.org/10.1056/NEJMoa2004736
https://doi.org/10.1089/dia.2020.0535
https://doi.org/10.1001/jamanetworkopen.2024.59348
https://doi.org/10.1056/NEJMoa2415948
https://doi.org/10.1089/dia.2025.0130
https://doi.org/10.1177/19322968251342239
https://doi.org/10.1177/19322968251364283
https://doi.org/10.1177/19322968251349528
https://doi.org/10.1089/dia.2025.0062
https://doi.org/10.1111/dom.14850
https://doi.org/10.1016/j.jcjd.2021.02.002
https://doi.org/10.2337/dc18-0228
https://doi.org/10.1016/s2589-7500(24)00092-x
https://doi.org/10.1001/jamapediatrics.2025.2740
https://doi.org/10.1016/j.diabres.2025.112454
https://doi.org/10.2337/dc22-0329
https://doi.org/10.2337/ds22-0084
https://doi.org/10.1001/jama.2025.4670
https://doi.org/10.2337/cd23-0025
https://doi.org/10.1089/dia.2024.0586
https://doi.org/10.1111/dom.15351


Diabetes, Metabolic Syndrome and Obesity                                                                                 

Publish your work in this journal 
Diabetes, Metabolic Syndrome and Obesity is an international, peer-reviewed open-access journal committed to the rapid publication of the 
latest laboratory and clinical findings in the fields of diabetes, metabolic syndrome and obesity research. Original research, review, case reports, 
hypothesis formation, expert opinion and commentaries are all considered for publication. The manuscript management system is completely 
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to 
read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-journal

Diabetes, Metabolic Syndrome and Obesity 2025:18 4682

Akturk et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Recent Developments in Therapeutics
	Inhaled Insulin in Pediatrics and Adults

	GLP-1 Use in T1D
	Dual, Triple GLP-1 Agonists for Weight Loss, T2D, and MASH
	Weekly Basal Insulins
	Recent Developments in Technology
	New Developments in CGM Space

	New Developments in AID Space
	AID Use in T2D
	Conclusions
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure

