Diabetes

e

Baishideng Publishing Group Inc



ﬂ World Journal of
Diabetes

Jaishideng®

Contents Monthly Volume 14 Number 3 March 15, 2023

REVIEW

130 Pancreatic B-cell dysfunction in type 2 diabetes: Implications of inflammation and oxidative stress
Dludla PV, Mabhida SE, Ziqubu K, Nkambule BB, Mazibuko-Mbeje SE, Hanser S, Basson AK, Pheiffer C, Kengne AP
MINIREVIEWS

147 Role of selenium in type 2 diabetes, insulin resistance and insulin secretion
Casanova P, Monleon D

159 Carbamylated lipoproteins in diabetes
Denimal D

170 AT1 receptor downregulation: A mechanism for improving glucose homeostasis
Lopez DL, Casillas OFE, Jaramillo HJ, Romero-Garcia T, Vazquez-Jimenez JG

179 Gestational diabetes mellitus: The optimal time of delivery
Li X, Li TT, Tian RX, Fei JJ, Wang XX, Yu HH, Yin ZZ

188 Fixed-ratio combinations of basal insulin and glucagon-like peptide-1 receptor agonists as a promising
strategy for treating diabetes
Nomoto H

198 Multiple influences of the COVID-19 pandemic on children with diabetes: Changes in epidemiology,
metabolic control and medical care
Zucchini S, Scozzarella A, Maltoni G
ORIGINAL ARTICLE
Basic Study

209 miR-124 is upregulated in diabetic mice and inhibits proliferation and promotes apoptosis of high-glucose-
induced B-cells by targeting EZH2
Duan XK, Sun YX, Wang HY, Xu YY, Fan SZ, Tian JY, Yu Y, Zhao YY, Jiang YL

222 N¢-(carboxymethyl)lysine promotes lipid uptake of macrophage via cluster of differentiation 36 and
receptor for advanced glycation end products
Wang ZQ, Yao HP, Sun Z

234 Tongxinluo promotes endothelium-dependent arteriogenesis to attenuate diabetic peripheral arterial
disease
Gu JJ, Hou YL, Yan YH, Li J, Wei YR, Ma K, Wang XQ, Zhang JH, Wang DD, Li CR, Li DQ, Sun LL, Gao HL

255 Characterization of gut microbial and metabolite alterations in faeces of Goto Kakizaki rats using
metagenomic and untargeted metabolomic approach
Zhao JD, Sun M, Li Y, Yu CJ, Cheng RD, Wang SH, Du X, Fang ZH

WJD | https://www.wjgnet.com I March 15,2023 | Volume14 | Issue3



World Journal of Diabetes
Contents
Monthly Volume 14 Number 3 March 15, 2023
Retrospective Study
271 Clinical and biochemical predictors of intensive care unit admission among patients with diabetic
ketoacidosis
Khan AA, Ata F, Igbal P, Bashir M, Kartha A
Clinical Trials Study
279 Postprandial glucagon-like peptide 1 secretion is associated with urinary albumin excretion in newly
diagnosed type 2 diabetes patients
Song LL, Wang N, Zhang JP, Yu LP, Chen XP, Zhang B, Yang WY
Observational Study
290 Prevalence of type 2 diabetes mellitus in the pediatric population of a third-level care hospital in Mexico
City in 2013 and 2018
Molina-Diaz JM, Vargas-Terrez BE, Medina-Bravo PG, Martinez-Ambrosio A, Miranda-Lora AL, Kliinder-Kliinder M
299 Glucose metabolism continuous deteriorating in male patients with human immunodeficiency virus
accepted antiretroviral therapy for 156 weeks
Liu DF, Zhang XY, Zhou RF, Cai L, Yan DM, Lan LJ, He SH, Tang H
META-ANALYSIS
313 Effectiveness and safety of traditional Chinese medicine decoction for diabetic gastroparesis: A network
meta-analysis
Zhang YX, Zhang YJ, Miao RY, Fang XY, Wei JH, Wei Y, Lin JR, Tian JX
LETTER TO THE EDITOR
343 Ca*/cAMP ratio: An inflammatory index for diabetes, hypertension, and COVID-19
Bergantin L
347 Successful lifestyle modifications may underlie umbilical cord-mesenchymal stromal cell effects in type 2
diabetes mellitus
Papadopoulou A, Papadopoulos KI
Boishidengs WID | https://www.wjgnet.com I March 15,2023 | Volume14 | Issue3



World Journal of Diabetes

Contents
Monthly Volume 14 Number 3 March 15, 2023

ABOUT COVER

Editorial Board Member of World Journal of Diabetes, Guo-Xun Chen, PhD, Associate Professor, Director,
Department of Nutrition, The University of Tennessee, Knoxville, TN 37909, United States. gchen6@utk.edu

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (W]D, World | Diabetes) is to provide scholars and readers from various
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact
factor (IF) for WID as 4.560; IF without journal self cites: 4.450; 5-year IF: 5.370; Journal Citation Indicator: 0.62;
Ranking: 62 among 146 journals in endocrinology and metabolism; and Quartile category: Q2.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: Xu Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL
World Journal of Diabetes

ISSN
ISSN 1948-9358 (online)

LAUNCH DATE
June 15,2010

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Lu Cai, Md. Shahidul Islam, Michael Horowitz

EDITORIAL BOARD MEMBERS

https:/ /www.wignet.com/1948-9358 /editorialboard.htm

PUBLICATION DATE
March 15, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/gerinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJD | https://www.wjgnet.com 11

March 15,2023 | Volume14 | Issue3


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

%

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4239/wjd.v14.i3.188

World Journal of
Diabetes

World | Diabetes 2023 March 15; 14(3): 188-197

ISSN 1948-9358 (online)

MINIREVIEWS

Fixed-ratio combinations of basal insulin and glucagon-like peptide-
1 receptor agonists as a promising strategy for treating diabetes

Hiroshi Nomoto

Specialty type: Endocrinology and
metabolism

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A
Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Fang ZH, China; Shi J,
China; Xue Y, China

Received: December 28, 2022
Peer-review started: December 28,
2022

First decision: January 5, 2023
Revised: January 13, 2023
Accepted: February 8, 2023
Article in press: February 8, 2023
Published online: March 15, 2023

Jaishideng®

WJD | https://www.wjgnet.com 188

Hiroshi Nomoto, Department of Rheumatology, Endocrinology and Nephrology, Faculty of
Medicine and Graduate School of Medicine, Hokkaido University, Sapporo 060-8638,
Hokkaido, Japan

Corresponding author: Hiroshi Nomoto, MD, PhD, Assistant Professor, Department of
Rheumatology, Endocrinology and Nephrology, Faculty of Medicine and Graduate School of
Medicine, Hokkaido University, N-15, W-7, Kita-ku, Sapporo 060-8638, Hokkaido, Japan.
hnomoto@med.hokudai.ac.jp

Abstract

The maintenance of appropriate glycemic control is important for the prevention
of diabetic complications in people with type 2 diabetes (T2D). Numerous oral
antidiabetic drugs are now clinically available, but in particular, the introduction
of injection regimens using insulin and/or glucagon-like peptide-1 receptor
agonist (GLP-1RA)s represents promising step-up options for oral antidiabetic
drug treatment. The recently licensed fixed-ratio combination (FRC) products,
which comprise basal insulin and a GLP-1RA, have potent anti-hyperglycemic
effects and reduce the undesirable side-effects of each component, such as body
weight gain, hypoglycemia, and gastrointestinal symptoms. Two FRCs-insulin
degludec/Liraglutide and insulin glargine/Lixisenatide-are now clinically
available and, to date, several phase II/1II trials have been conducted in particular
groups of subjects with T2D. However, their utility in real-world clinical settings
is of interest for most clinicians. Recently reported real-world clinical trials of
these two FRCs in various situations have demonstrated their efficacy regarding
glycemic control and the quality of life of people with T2D. Their long-term safety
and efficacy require confirmation, but a treatment strategy that includes an FRC
may be compatible with the concept of “well-balanced” therapy in certain groups
of patients with T2D who have inadequate glycemic control.

Key Words: Clinical trial; Diabetes mellitus, type 2; Glucagon-like peptide-1 receptor;
Glycemic control; Insulin, long-acting; Quality of life
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Core Tip: Fixed-ratio combination injections comprising basal insulin and glucagon-like peptide-1 receptor
agonists are now available, and their efficacy for glycemic control has been demonstrated in several phase
II/IIT trials. These injections appear to be useful based on the trial data, but real-world clinical evidence
regarding the use of these compounds is limited. In this review, the clinical evidence derived from phase
III and real-world clinical studies regarding the glycemic control of and other outcomes in participants
with type 2 diabetes is summarized.
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INTRODUCTION

The ultimate goals of the treatment of diabetes are to prevent complications and maintain the patient’s
quality of life (QOL). As shown by previous large-scale clinical trials of people with type 2 diabetes
(T2D), the management of not only glycemic control but also of comorbidities, such as dyslipidemia,
hypertension, and obesity, is critical for achieving this goal[l,2]. Of them, the maintenance of
appropriate glycemic control through early diagnosis and intensive treatment has been shown to be
important to prevent macro- and microvascular complications[3].

The recommended first-line treatment for diabetes is lifestyle modification, such as diet and exercise
programs[4-6]. However, anti-diabetic medications are often required for people with uncontrolled T2D
to achieve their glycemic targets. A number of anti-diabetic agents are now available for clinical use.
Several guidelines recommend the selection of appropriate drugs based on the patient’s background
and complications, such as cardiovascular disease, kidney dysfunction, and/or obesity[4-6]. However,
regardless of whether patients are treated with a single or multiple oral antidiabetic agents, they often
require the addition of an injectable agent [insulin or a glucagon-like peptide-1 receptor agonist (GLP-
1RA)].

Because an appropriate glycemic condition is associated with the best outcomes[1-3], more intensive
or earlier treatment of dysglycemia using potent injectable agents may be beneficial. In addition to
single-agent injectable products, fixed-ratio combination (FRC) injections, comprising basal insulin and
a GLP-1RA, have recently become available. The efficacy of FRC injections for glycemic control has been
demonstrated in previous phase II/III trials. Several authors have argued that these injections are useful
based on the results of these clinical trials, although real-world clinical evidence regarding their utility is
limited. This review discusses the utility of and clinical outcomes associated with the use of such FRCs
in people with T2D, especially recently published clinical evidence derived from phase III and real-
world clinical studies.

EFFECTS OF TWO INJECTABLE AGENTS: BASAL INSULIN AND GLP-1RAS

Monnier et al[7] reported that nocturnal-to-morning hyperglycemia is one of the characteristics of a lack
of glycemic control in participants with T2D who are being treated without insulin therapy[7]. In such
cases, insulin injection therapy is the most appropriate treatment option. However, insulin therapy has
several disadvantages, despite its potent anti-hyperglycemic actions, such as hypoglycemia, body
weight gain, and the injection frequency, especially in the case of multiple daily injection (MDI) therapy
[4].

Of the existing therapeutic strategies involving insulin, regimens including basal insulin therapy are
associated with a significantly lower incidence of identified hypoglycemia than MDIs, despite achieving
similar glycemic control[8]. In addition, basal insulin therapy has been shown to cause less body weight
gain than other insulin regimens[9,10]. The most practical protocol for a patient is a simple one of once
daily injections, with easy dose adjustment, which is associated with a good QOL and appropriate
fasting glucose concentrations[11,12]. However, although basal insulin is useful for managing fasting
blood glucose concentrations, basal insulin does not always prevent postprandial hyperglycemia[13].
Additionally, because glucose spikes are closely associated with atherosclerotic disease[14,15], an
additional therapy is often necessary in patients with such glycemic profiles.

Two types of GLP-1RAs are defined on the basis of their structural features. Some GLP-1RAs have
similar structures to human endogenous GLP-1, with a few amino acid modifications to avoid cleavage
by dipeptidyl peptidase (DPP)-4. However, other GLP-1RAs are derived from exendin-4, which also
renders them resistant to DPP-4-mediated degradation[16,17]. GLP-1RAs act via the GLP-1 receptor,
which is expressed on the plasma membranes of cells and activates adenylate cyclase, leading to an
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increase in cAMP in pancreatic beta-cells[18,19]. This increase in cAMP increases the intracellular cAMP
concentration, causing an increase in insulin secretion from vesicles in a blood glucose-dependent
manner and an improvement in glycemic control[20]. The main advantage of GLP-1RAs is that they
have pleotropic effects in various tissues, such as the cardiovascular system, adipose tissue, liver, and
kidney[18]. Notably, several phase III trials of the safety and efficacy of high-dose GLP-1RAs have
demonstrated cardioprotective effects[21-23].

Another advantage of GLP-1RAs is their effects on body weight. GLP-1RAs reduce gastric emptying
and appetite, and change the eating preference via effects on the neural network and hypothalamus,
leading to weight loss[24,25]. These actions of GLP-1RAs differ according to the duration of their
activity (i.e., whether they are short- or long-acting)[26]. Short-acting GLP-1RAs, such as lixisenatide and
exenatide, strongly suppress gastric peristalsis, resulting in the rapid inhibition of postprandial
hyperglycemia following drug administration. However, long-acting GLP-1RAs, such as liraglutide and
semaglutide, have less marked effects on the gastrointestinal tract, but are more effective at increasing
insulin secretion by beta-cells, and thereby have distinct anti-hyperglycemic effects[26,27]. Nevertheless,
despite the clinical utility of GLP-1RAs, studies have reported that they might be less efficacious when
beta-cell function is poor, thereby limiting their utility for glycemic control[28,29].

These two types of injectable agents have advantages and limitations regarding their utility for
glycemic control and the correction of metabolic abnormalities. Eng et al[30] conducted a meta-analysis
that compared the utility of a combination therapy comprising basal insulin and a GLP-1RA, along with
other antihyperglycemic therapies, including MDIs[30] They found that this provided robust glycemic
control, with less increase in hypoglycemia or weight gain, which represents the ideal management of
diabetes. However, although this combination therapy was shown to be effective, it is relatively
expensive and necessitates two injection devices, which may be associated with a deterioration in the
patient’s QOL.

CONCEPT AND PHASE Il TRIALS OF FRCS OF BASAL INSULIN AND GLP-1RAS

Two pre-filled injectable FCR products comprising basal insulin and a relatively low-dose GLP-1RA are
now clinically available. These products are insulin degludec (IDeg)/Liraglutide (IDegLira) and insulin
glargine/Lixisenatide (IGlarLixi). One dose of IDegLira contains 1 unit of IDeg and 0.036 mg of
liraglutide, whereas 1 dose of IGlarLixi comprises 1 unit of insulin glargine plus 0.33-to-1 pg of
lixisenatide (Table 1). The use of such FCRs in the clinical setting was anticipated to be associated with a
reduction in the injection frequency. This reduction aimed to maximize the efficacy, while minimizing
the disadvantages of the two injectable regimens (body weight gain and hypoglycemia for basal insulin,
and gastrointestinal symptoms and the inability to manage fasting plasma glucose for GLP-1RAs), and
be associated with superior clinical outcomes.

The addition of an injectable therapy to the use of oral anti-diabetic agents (OADs) represents a
promising step-up therapy aimed at achieving good glycemic control. Phase III trials comparing the
efficacy of FRCs vs basal insulin and/or GLP-1RAs with that of OADs have been conducted (Table 2).
The DUAL I trial compared the efficacies of IDegLira and IDeg or liraglutide in insulin-naive patients
[31]. This trial showed a reduction in glycated hemoglobin Alc (HbAlc) values in participants
administered IDegLira, with non-inferiority to IDeg and superiority to liraglutide, without increasing
the risk of weight gain and hypoglycemia. Similarly, the efficacy of IGlarLixi for a reduction in HbAlc
values was evaluated in the LixiLan-O trial, which involved the addition of IGlarLixi, insulin glargine,
or lixisenatide to the use of OADs[32]. IGlarLixi was associated with the largest reduction in HbAlc
values among these arms, with no change in body weight, and a similar incidence of hypoglycemic
events to insulin glargine. However, the effects on body weight clearly differed according to the GLP-
1RA therapy used in these two trials. The utility of two FRCs in insulin-treated patients was also
compared in the Dual V trial[33] and the LixiLan-L trial[34]. In both studies, a larger reduction in HbAlc
values was achieved, along with fewer hypoglycemic events, in patients using FRCs vs their
comparators, in the absence of body weight gain. The same trend was shown in participants with T2D
and various treatment backgrounds in other trials of IDegLira[35-39] and IGlarLixi[40-43]. Therefore,
these clinical trials have established these two FRCs as useful step-up therapies for particular groups of
patients with T2D and poor glycemic control.

REAL-WORLD EVIDENCE FOR THE EFFICACY OF FRC THERAPIES FOR GLYCEMIC
CONTROL

As described above, phase III randomized, controlled trials (RCTs) have demonstrated the efficacy and
utility of the two FRCs. However, applying these results to daily clinical practice is difficult because the
concomitant treatments for T2D are highly restricted, and the doses of FRCs are adjusted using tight
treat-to-target strategies, resulting in the administration of relatively high doses of FRCs. Therefore, the
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Table 1 Details of the fixed-ratio combinations of basal insulin and glucagon-like peptide-1 receptor agonists

IDegLira IGlarLixi

Combination Insulin degludec + liraglutide Insulin glargine + lixisenatide

Proportion (/dose) Insulin degludec 1 unit + liraglutide (1) Glargine 1 unit + lixisenatide 0.33-0.50 pg; and (2) Glargine 1 unit +
0.036 mg lixisenatide 1.0 g’

Frequency Once daily Once daily

Indication Adults with type 2 diabetes Adults with type 2 diabetes

Dosage Up to 50 doses/day (1) Up to 20-60 doses/day; and (2) up to 20 doses/day

CVOT for GLP-1RA Liraglutide: LEADER[21] Lixisenatide: ELIXA[62]

component

CVOT for insulin component DEVOTE[63] ORIGEN][64], DEVOTE[63]

The combination of insulin glargine 1 unit + lixisenatide 1.0 pg/ unit is only approved in Japan.
GLP-1RA: Glucagon-like peptide-1 receptor agonist; IDegLira: Insulin glargine/liraglutide; IGlarLixi: Insulin glargine/lixisenatide: CVOT: Cardiovascular
outcome trial.

Table 2 Major phase lll trials of fixed-ratio combinations of basal insulin and a glucagon-like peptide-1 receptor agonist

Relative reduction in HbA1c vs

FRC Name Baseline treatment ~ Comparator Duration
comparator
IDegLira Dual I[31] OADs IDeg or Lira 26 wk —0.47% vs IDeg (P < 0.0001);
-0.64% vs Lira (P < 0.0001)
Dual II[35] Basal insulin + Met IDeg 26 wk -1.1% (P < 0.0001)
Dual III[36] GLP-1RA GLP-1RA 26 wk. -0.94% (P < 0.001)
Dual IV[37] SU or SU + Met Placebo 26 wk -1.02% (P < 0.001)
Dual V[33] Basal insulin IGlar U100 26 wk -0.59% (P < 0.001)
Dual VII[38] Basal insulin + Met Basal-bolus therapy 26 wk -0.02% (P < 0.0001)
Dual IX[39] SGLT2i IGlar U100 26 wk -0.36% (P < 0.0001)
IGlarLixi LixiLan-O[32] Met + other OADs IGlar or Lixi 30 wk —0.3% vs IGlar (P < 0.0001); -0.8%
vs Lira (P < 0.0001)
LixiLan-L[34] Basal insulin + OADs IGlar U100 30 wk -0.5% (P < 0.001)
LixiLan JP-O1[40] OADs Lixisenatide 26 wk -1.07% (P < 0.0001)
LixiLan JP-O2[41] OADs IGlar U100 26 wk -0.63% (P < 0.0001)
LixiLan JP-L[42] Met + basal insulin IGlar U100 26 wk -0.74% (P < 0.0001)
LixiLan-L-CN[43] Basal insulin + OADs IGlar U100 30 wk -0.7% (P < 0.0001)

FCR: Fixed-ratio combination; GLP-1RA: Glucagon-like peptide-1 receptor agonist; IDegLira: Insulin glargine/liraglutide; IGlarLixi: Insulin
glargine/lixisenatide; OADs: Oral anti-diabetic agents; Met: Metformin; SU: Sulfonylurea; SGLT2i: Sodium/ glucose cotransporter 2 inhibitor; IDeg: Insulin
degludec; Lira: Liraglutide; IGlar: Insulin glargine.

efficacy of these new agents should be validated in real-world clinical settings.

To date, several real-world clinical trials have been conducted with various endpoints (Table 3). First,
although combination therapies of basal insulin plus a GLP-1RA have several clinical advantages[30],
which strategy is most appropriate for people with poorly controlled T2D who are being treated with
basal insulin is unclear. Morieri et al[44] retrospectively analyzed the difference in efficacy between the
addition of a GLP-1RA to basal insulin and switching from basal insulin to FRCs in 609 participants
with T2D[44]. They found that FRC treatment resulted in a larger reduction in HbAlc values, whereas
the body weight loss was larger in the GLP-1RA initiation group. Regarding the final doses of the
injections, the number of units of basal insulin required was higher in the FRC group, whereas the
number of units of GLP-1RA required was higher in the flexible group. The results of this study
highlight the differences in the two treatment regimens. Good glycemic control can be achieved using
FRCs and the extra-pancreatic effects of a GLP-1RA, such as body weight management and possibly
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Table 3 Real-world evidence regarding the efficacy of fixed-ratio combinations of basal insulin and a glucagon-like peptide-1 receptor

agonist for glycemic control

Ref. Target patients Design Duration Representative outcomes

Morieri et al[44], 2019 Treated w/o GLP-1RA Retrospective, observational 5.7 mo FRCs were associated with a larger
reduction in HbAlc, whereas GLP-1RA
reduced body mass

Egede et al[45], 2020 (1) OADs  basal insulin or Retrospective, observational 6 mo (1) IDegLira use was associated with a

GLP-1RA alone; and (2) MDIs reduction in HbAlc; and (2) Switching to
or GLP-1RA with insulin IDegLira did not reduce HbAlc

Persano et al[50], 2021  MDIs Prospective, observational 6 mo Switching from MDIs to IDegLira improved
HbAlc, body mass, and the QOL score

Kawaguchi et al[51], OADs + basal insulin RCT 2wk IDegLira resulted in a significantly longer

2022 time in the target glucose range than
IDegAsp

Oe et al[52], 2022 IDeg + DPP-4i Prospective, observational 2wk Switching from IDeg + DPP-4i to IDegLira
significantly improved glucose fluctuations
and the QOL score

Guja et al[46], 2022 GLP-1RA + OADs RCT/prospective, observa- 6 mo/26 wk IGlarLixi significantly improved HbAlc,

tional regardless of the use of an SGLT2i

Bala et al[47], 2022 OAD:s # basal insulin Prospective, observational 24 wk Introduction of IGlarLixi significantly
reduced HbAlc

Ramirez-Rincon et al OADs and/ or insulin Retrospective, observational ~3-7 mo Introduction of IDegLira significantly

[48], 2022 reduced HbAlc and insulin requirements

Bilic-Curcic et al[49], Insulin therapy Retrospective, observational > 6 mo Switching to FRCs (IDegLira and IGlarLixi)

2022

significantly reduced HbAlc and body

mass

GLP-1RA: Glucagon-like peptide-1 receptor agonist; OADs: Oral anti-diabetic agents; MDIs: Multiple daily insulin injections; IDeg: Insulin degludec; DPP-
4i: Dipeptidyl peptidase-4 inhibitor; RCT: Randomized, controlled trial; FRC: Fixed-ratio combination; IDegLira: Insulin glargine/liraglutide; IGlarLixi:
Insulin glargine/lixisenatide; QOL: Quality of life; IDegAsp: Insulin degludec/aspart; SGLT2i: Sodium/ glucose cotransporter 2 inhibitor; Lira: Liraglutide;
IGlar: Insulin glargine.

cardiovascular protection, are superior to those of a GLP-1RA alone. Notably, high-dose liraglutide has
been shown to reduce cardiovascular risk in high-risk patients with T2D[21]. However, to date, no
prospective trials have assessed the cardiovascular outcomes of FRCs.

The efficacy of switching from basal insulin therapy to IDegLira or IGlarLixi has been confirmed in
prospective and retrospective trials[45-49]. As expected, such a switch resulted in lower HbAlc values,
regardless of the concomitant OADs being used. Real-world data from Egede et al[45] also showed the
utility of switching from MDIs to IDegLira[45]. They found that simplification of the protocol from
MDIs to FRC was not associated with a worsening of HbAlc, despite being associated with modest
weight loss. However, a prospective study of a switch from MDIs to once-daily IDegLira showed a
reduction in HbA1lc values, the total insulin dose required, and body weight[50].

One motivation to use injections containing a GLP-1RA component is to reduce glucose fluctuations,
which is difficult using basal insulin regimens. Differences in the effects of the two step-up regimens
(switching from basal insulin to once-daily IDegAsp or IDegLira) on glycemic variability were
confirmed in an RCT using intermittently scanned continuous glucose monitoring by Kawaguchi ef al
[51]. They demonstrated that a step up to IDegLira was associated with a longer period of time in the
target glucose range (3.9-10.0 mmol/L) and a lower glucose variability after breakfast and lunch than
the use of IDegAsp. Oe et al[52] reported that a switch from a combination therapy of a DPP-4 inhibitor
plus IDeg to the same dose of IDegLira significantly ameliorated indices of glycemic variability,
including the mean amplitude of glycemic excursions, even when a relatively low dose of the GLP-1RA
component was administered[52]. This finding can be at least partially explained by the differences in
the serum GLP-1 concentrations achieved by using DPP-4 inhibitors and GLP-1RAs. Taking into consid-
eration that a large number of patients with T2D are treated with DPP-4 inhibitors in Asian countries
[53], such a switch also represents a useful step-up treatment strategy.

Importantly, Kawaguchi et al[51] showed that endogenous insulin secretary capacity was important
to maximize the efficacy of such FRCs[51]. Beta-cell function declines over time in people with T2D[54].
Therefore, early induction of FRCs might be a reasonable treatment option. However, clinical evidence
assessing the efficacy of these FRCs is limited to step-up or switching therapy from other antihyper-
glycemic medications. In addition, these FRCs cannot be induced as a first injection regimen in certain
countries. Taken together, these findings suggest that further investigation to determine whether FRCs
can be a first-step treatment for T2D should be performed in the future.
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Table 4 Real-world evidence regarding patients’ satisfaction with fixed-ratio combinations of basal insulin and a glucagon-like peptide-

1 receptor agonist

Ref. Target patients Design Duration Representative outcomes

Persano et al[50],2021 ~ MDIs Prospective, observational 6 mo Switching from MDIs to IDegLira improved
HbAlc, body mass, and the QOL score

Rizza et al[55], 2021 MDIs, basal insulin + Prospective, interventional 6 mo The DTSQ score improved, but CASP-19 did

OADs, and OADs alone not, after switching to IDegLira

Polonsky et al[56], 2022 Basal insulin + OADs RCT 26 wk Switching from basal insulin to IGlarLixi
improved patient-reported outcomes vs
twice daily BIAsp 30

Oe et al[57], 2023 IDeg + DPP-4i Prospective, observational 2 wk Switching from IDeg + DPP-4i to IDegLira

improved QOL, as assessed using DTR-QOL

GLP-1: Glucagon-like peptide-1; MDIs: Multiple daily insulin injections; OADs: Oral anti-diabetic agents; IDeg: Insulin degludec; DPP-4i: Dipeptidyl
peptidase-4 inhibitor; RCT: Randomized, controlled trial; IDegLira: Insulin glargine/liraglutide; QOL: Quality of life; DTSQ: Diabetes Treatment
Satisfaction Questionnaire; CASP-19: 19-item Control, Autonomy, Self-realization, Pleasure scale; IGlarLixi: Insulin glargine/lixisenatide; BIAsp 30:
Biphasic insulin aspart 30/70; DTR-QOL: Diabetes therapy-related QOL.

WID |
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EFFECTS OF FRC THERAPIES ON PATIENT-RECORDED OUTCOMES

Another important aspect of such new injections is their effects on the QOL of the patients. Agents that
not only improve glycemic control, but also avoid the worsening of or even improve QOL would be
ideal. To date, the real-world evidence regarding their effects on QOL scores is limited (Table 4). A
single-arm prospective trial was performed by Persano et al[50] who studied 45 participants who
switched from MDIs to IDegLira[50]. The QOL was assessed in 21 participants using the Diabetes
Treatment Satisfaction Questionnaire, and showed an improvement from 20.1 to 27.6. The authors
considered that the reduction in the number of injections required from four to one each day might have
contributed to this improvement. The same result was also obtained in older people with T2D in
another prospective study conducted by Rizza ef al[55]. The simplification of the treatment for diabetes
using FRCs improved Diabetes Treatment Satisfaction Questionnaire scores and other indices of
activities of daily living and the mental state. This was probably achieved because of greater efficiency
and compliance with the therapy, and the absence of any increase in hypoglycemia or body weight gain.
Another RCT showed that, even compared with twice daily biphasic insulin aspart 30/70 (BIAsp 30),
IGlarLixi was associated with improvements in the management of diabetes and treatment burden[56].
Interestingly, a sub-analysis of clinical trials by Oe et al[57] showed an improvement in the QOL score
after switching from insulin glargine plus a DPP-4 inhibitor to IDegLira, despite this only comparing
once daily injection regimens[57]. This switch improved the Diabetes Therapy-related QOL score, and
especially domain 2, which reflects anxiety and dissatisfaction with treatment. Notably, the sub-score
reflecting dissatisfaction with poor blood glucose control was also significantly improved, which may be
explained by the amelioration of glucose fluctuations by the FRC[57].

An economic point of view is also an important issue for such new treatment regimens. Several
reports from the United Kingdom and Czech Republic compared the cost-effectiveness of IDegLira and
IGlarLixi. Pohlmann ef al[58] reported that IDegLira used for treating people with T2D who were
treated with basal insulin had a higher cost than IGlarLixi in the Czech Republic[58]. IDegLira was
associated with a longer lifespan and quality-adjusted life-years (QALYs) than IGlarLixi[58]. However,
other reports from the UK that compared the cost-effectiveness among IGlarLixi, IDegLira, and basal
insulin plus dulaglutide or liraglutide showed almost similar QALYs, although IGlarLixi provided
substantial cost saving owing to a lower acquisition cost[59]. The same cost-saving effect was also
confirmed in an IGlarLixi add-on strategy in people with T2D treated with oral antihyperglycemic
agents[60]. IGlarLixi showed slightly higher estimated QALYs at an acceptable higher cost with a
reduction in the daily injection frequency compared with twice daily BIAsp 30[61]. The cost-effect-
iveness of these two FRCs appears to be different. However, the acquisition costs and required doses for
FRCs to maintain appropriate glycemic control differ among countries and races, possibly resulting in
different outcomes of patients” burden. Although large-scale, long-term RCTs of the effects of such
combinations on patient-reported outcomes are required to confirm these theories, FRC therapies might
represent a useful option for people with T2D who have a sub-optimal QOL.

CONCLUSION

Currently, clinicians can recommend several therapeutic approaches using injectable agents in people
with T2D who have inadequate glycemic control. The purpose of such treatments differs according to
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the components of each product; however, a balance of efficacy and safety is critical. FRCs comprising
basal insulin and a GLP-1RA have the potential to be such a “well-balanced” therapy. However, the
long-term efficacy of FRCs regarding cardiovascular outcomes and the protection of beta-cells, as well
as patient-reported outcomes, should be further assessed and discussed in the future.
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