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ABSTRACT

Background: Type 1 diabetes mellitus (TIDM) represents a considerable global health burden, affecting approximately 5%-10%
of individuals with diabetes. Once-weekly basal insulin could substantially reduce the number of injections for TIDM patients
from 365 daily to 52 weekly doses annually. Therefore, this meta-analysis compares the safety and efficacy of once-weekly insu-
lin formulations.

Methods: The systematic review and meta-analysis included the relevant randomised controlled trials (RCTs) retrieved from
PubMed, EMBASE, Web of Science, Cochrane, and SCOPUS databases until September 2024. The meta-analysis was performed
using (RevMan 5.4.1). The study protocol was registered on PROSPERO (CRD42024603022).

Results: Three RCTs comprising 1724 participants were included. Once-daily insulin significantly decreased glycated haemo-
globin (HbA1c) compared to once-weekly insulin (estimated treatment difference: 0.09%, 95% CI [0.07,0.11], p <0.00001). Fasting
blood glucose levels were comparable between the once-weekly and once-daily insulin groups (estimated treatment difference:
0.44mg/dL, 95% CI [—0.64, 1.52], p=0.42).

Once-weekly insulin was associated with a significant increase in the incidence of injection site reactions (RR: 3.48 with 95% CI
[1.30, 9.31], p=0.01), serious adverse events (RR: 1.55 with 95% CI [1.09, 2.19], p=0.01), and treatment-emergent adverse events
(RR: 1.12 with 95% CI [1.02, 1.23], p=0.02), while no significant difference was observed in hypersensitivity reactions (RR: 1.04
with 95% CI[0.78, 1.38], p=0.79).

Conclusion: Once-daily insulin has demonstrated slightly superior HbA1lc reduction, while once-weekly insulin offers potential
advantages in patient adherence. However, these benefits must be weighed against an increased risk of injection site reactions
and nocturnal hypoglycemia. Although once-weekly insulin is more convenient, treatment decisions should consider individual
patient factors such as hypoglycemia risk and tolerance to injection reactions.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2025 The Author(s). Endocrinology, Diabetes & Metabolism published by John Wiley & Sons Ltd.
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1 | Introduction

Type 1 diabetes mellitus (T1DM), though less common than
type 2 diabetes, affects approximately 5%-10% of individuals
with diabetes and is characterised by absolute insulin deficiency
due to autoimmune destruction of pancreatic islet -cells. This
leads to impaired glucose metabolism and necessitates lifelong
insulin therapy [1]. Despite advancements such as continuous
glucose monitoring (CGM), maintaining optimal glycemic con-
trol remains challenging due to complex intra-daily and day-to-
day glucose fluctuations influenced by factors like exercise, food
intake, stress and hormonal changes [2, 3]. Traditional reliance
on glycated haemoglobin (HbAlc) as the primary marker of
glucose control may not fully capture these fluctuations, which
contribute to complications in TIDM [4]. Addressing glycemic
variability is crucial for improving patient outcomes and achiev-
ing more stable glucose control [5].

Real-world evidence suggests that reducing the frequency of in-
sulin administrations, such as once-weekly insulin formulations,
can significantly improve treatment adherence and, consequently,
better glycemic control. This is especially important in the man-
agement of T1DM, where tight glycemic control is required to
avoid complications like diabetic ketoacidosis (DKA) [5, 6]. Recent
advancements in long-acting insulin formulations have focused
on extending insulin activity while ensuring a stable pharmacoki-
netic and pharmacodynamic profile. Innovations such as insulin
icodec and insulin efsitora alfa incorporate structural modifica-
tions, including albumin binding and Fc fusion technology, to pro-
long the half-life and provide sustained glucose-lowering effects.
These developments aim to reduce injection frequency, enhance
adherence, and minimise glycemic variability.

Additionally, insulin receptor affinity and depot stability im-
provements have contributed to more predictable glucose control,
addressing key challenges in TIDM management [7-9]. Studies
have shown that it offers non-inferior glycemic control compared
to daily insulin degludec. Introducing once-weekly basal insulin
could significantly reduce the number of injections for TIDM pa-
tients from 365 daily doses to only 52 weekly doses annually [7].

Our study aims to address this significant advancement by per-
forming a meta-analysis to compare the efficacy of once-weekly
insulin formulations, such as icodec and BIF, with conventional
once-daily insulin options, including degludec. The findings
from this analysis will provide critical insights to support clinical
decision-making, inform the development of treatment guidelines,
and influence healthcare policy, ultimately aiming to enhance per-
sonalised and effective care for individuals living with TIDM.

2 | Methodology
2.1 | Protocol Registration

Our review was conducted following the Cochrane Handbook
for Systematic Reviews and Meta-Analyses [10] and reported
following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guideline [11]. We published the
protocol on PROSPERO for this meta-analysis and pre-registered
it (CRD42024603022).

2.2 | Data Sources and Search Strategy

Through September 12th, 2024, O.A. and A.M. performed an elec-
tronic search across five databases: PubMed (MEDLINE), Scopus,
Web of Science (WoS), Cochrane Central Register of Controlled
Trials (CENTRAL), and Excerpta Medica database (EMBASE).
For every database, we changed the search parameters and key-
words. The searchs outcomes are shown in (Table S1).

2.3 | Eligibility Criteria and Study Selection

We included studies that met the following PICOS criteria:
Population (adult patients >18years with T1DM), Intervention
(once-weekly basal insulin formulations), and Comparison (once-
daily basal insulin formulations). Primary outcomes: (change in
HbA1c and change in fasting blood glucose after an overnight fast
from baseline to end of the study period), and secondary outcomes:
change in body weight, treatment-emergent adverse events, seri-
ous adverse events, death, injection site reaction, hypersensitivity
reaction, hypoglycemia level 1 a glucose alert value of 54-70mg/
dL (3.0-3.9mmol/L), hypoglycemia level 2 a glucose level of
<54mg/dL (<3.0mmol/L), hypoglycemia level 3 a severe event
characterised by altered mental or physical status requiring ex-
ternal assistance for recovery, regardless of glucose measurement,
combined level 2 or 3 hypoglycemia, nocturnal hypoglycemia level
1, nocturnal hypoglycemia level 2, nocturnal hypoglycemia level
3, combined level 2 or 3 nocturnal hypoglycemia, definitions for
nocturnal hypoglycemia (Levels 1, 2, and 3) are identical to those
for hypoglycemia but specifically occur during sleep (between
bedtime and waking). Only RCTs with a minimum duration of
12weeks were included to ensure adequate assessment of glycae-
mic control and safety outcomes.

The following criteria were used to filter out studies: (1) non-
original studies (e.g., book chapters, reviews, correspondence,
letters to editors, commentaries, press articles, guidelines, etc.,);
(2) study designs other than RCTs; (3) studies involving dupli-
cate or overlapping datasets; (4) studies with fewer than 10 par-
ticipants; (5) in vitro experiments and non-human studies; and
(6) studies not reported in English.

2.4 | Study Selection

The review procedure was carried out using the Covidence on-
line tool. After eliminating duplicates, the authors (H.A. and
A.M.) reviewed the retrieved records separately. The entire texts
of the documents that initially satisfied the eligibility standards
were reviewed by (H.A. and A.M.) during the full-text screen-
ing. Every argument was settled by consensus and discussion
with O.A.

2.5 | Data Extraction

Following the retrieval of all the texts of the relevant studies, we
carried out a pilot extraction to arrange the data extraction sheet
appropriately. There are three primary sections to the Excel
(Microsoft, USA) data extraction sheet. The summary features
of the included studies were presented in the first section (name
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of the first author, year of publication, country, name of the jour-
nal, study design, eligible HbA1lc range, target fasting glucose,
bolus dose of basal insulin, previous basal insulin therapy, use
of short-acting bolus insulin, insulin dose-adjustments, follow
up duration, primary outcome). The second part included the
baseline information of the participants (sample size, age, gen-
der, ethnicity, race, duration of diabetes, body mass index (BMI),
baseline HbA1c, baseline fasting glucose, carb counting, CGM,
and basal insulin). Finally, the third part included outcomes
data as previously described. (H.A. and A.M.) completed the
data extraction process. A senior author (O.A.) was consulted,
and agreements were established to settle disputes.

2.6 | Risk of Bias

Using the Cochrane RoB2 tool, (H.A. and A.M.) independently
assessed the studies' quality [12]. They evaluated the following
five domains: the risk of bias associated with the randomisation
process, deviation from the intended intervention, missing out-
come data, measuring the outcome, and choosing the reported
results. The first author (O.A.) was consulted, and agreements
were established to settle disputes.

2.7 | Statistical Analysis

We utilised Review Manager (RevMan) software 5.4.1 [13].
Outcome measures were assessed using the risk ratio (RR)
and its corresponding 95% confidence interval (CI). To account
for variations in study designs and participant characteristics,
we employed a random-effects model to address potential het-
erogeneity. Heterogeneity was evaluated using the I? statistic,
which quantifies the percentage of the total variability in effect
estimates across studies attributed to heterogeneity rather than
chance. We considered a significance level of p<0.1 for the I?
statistic to indicate notable heterogeneity. In instances of signifi-
cant heterogeneity, we conducted a leave-one-out meta-analysis.
The DerSimonian and Laird method was used to estimate the
between-study variance (tau-squared) within the random-
effects model. Statistical significance for the overall effect size
was determined by a p-value below 0.05.

3 | Results
3.1 | Search Results and Study Selection

Our search retrieved 713 studies after searching the databases.
After removing duplicates, there were 310 studies. Following
title and abstract screening, 14 studies were evaluated in full
text. Of these, three studies [7, 14, 15] were included in this sys-
tematic review and meta-analysis. The PRISMA flow diagram is
shown in (Figure 1).

3.2 | Characteristics of Included Studies
A total of three RCTs with 1724 participants were included. Two

were phase III RCTs, while Kazda et al. was a phase II trial.
The follow-up duration ranged from 26 weeks to 57weeks. In

the once-weekly group, two studies used insulin alpha efsitora,
while one used insulin icodec combined with aspart in the inter-
vention group. In the once-daily group, two studies used deglu-
dec, while Jones et al. used aspart in combination with degludec
in the comparator group. The mean age of the participants
ranged from 44.1 to 47.4years, and the BMI ranged from 25.9
to 27.5kg/m?. Further details of the included studies' summary
and the participants' baseline characteristics are demonstrated
in Tables 1 and 2. Moreover, key findings (e.g., HbAlc changes,
hypoglycemia rates, and adverse effects) across the studies ana-
lysed are shown in Table 3.

3.3 | Risk of Bias

All three studies showed some concerns, mainly due to the un-
clear risk of deviations from the intended intervention, primarily
due to the open-label study design, which may have influenced
participant and investigator behaviour (Figure 2).

3.4 | Primary Outcomes

The pooled data from the three studies, including 1457 partic-
ipants, showed that once-daily insulin significantly decreased
HbA1lc compared to once-weekly insulin (estimated treatment
difference (ETD): 0.09% with 95% CI [0.07, 0.11], p<0.00001)
(Figure 3). The pooled studies were homogenous (p=0.56,
P=0%).

3.5 | Secondary Efficacy Outcomes

The pooled data from the three studies, including 1435 partici-
pants, showed that once-weekly insulin was associated with no
statistically significant difference in the fasting blood glucose
levels compared to once-daily insulin (ETD: 0.44mg/dL with
95% CI [—0.64, 1.52], p=0.42) (Figure 4). The pooled studies
were heterogeneous (p <0.00001, I’=100%), and the heteroge-
neity could not be solved through the leave-one-out sensitivity
analysis (Table S2).

3.6 | Secondary Safety Outcomes

Once-weekly insulin was associated with a significant increase
in the incidence of injection site reactions (RR: 3.48 with 95% CI
[1.30, 9.31], p=0.01), serious adverse events (RR: 1.55 with 95%
CI[1.09, 2.19], p=0.01), and treatment-emergent adverse events
(RR: 1.12 with 95% CI [1.02, 1.23], p=0.02). The pooled studies
were homogeneous (p=0.19, I’=40%), (p=0.43, I’=0%), and
(p=0.17, I>=48%), respectively. However, there was no statisti-
cally significant difference between the two groups in the inci-
dence of hypersensitivity reactions (RR: 1.04 with 95% CI [0.78,
1.38], p=0.79). The pooled studies were homogeneous (p =0.50,
I>=0%) (Figure 5a-d).

Regarding the hypoglycemic events, there was no significant
difference between the two groups in the incidence of level 1
hypoglycemia (RR: 1.01 with 95% CI [0.99, 1.03], p=0.32),
and the pooled studies were heterogeneous (p=0.07, I>=63%)
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FIGURE1 | PRISMA flow chart of the screening process.

(Figure 6a). However, after leaving Bergenstal et al. the pooled
studies were homogeneous (p=0.75, I’=0%) (Table S2).
Regarding the incidence of level 2 hypoglycemia, there was
no significant difference between both groups (RR: 1.02 with
95% CI [0.93, 1.12], p=0.69), and the pooled studies were het-
erogeneous (p=0.008, I>’=80%) (Figure 6b). However, after ex-
cluding Bergenstal et al. the pooled studies were homogeneous

(p=0.66, I’=0%), and once-weekly insulin was associated with
a statistically significant increase in the rates of level 2 hypo-
glycemia (RR: 1.06 with 95% CI [1.01, 1.12], p=0.01) (Table S2).
Meanwhile, there was no significant difference between both
groups in the incidence of level 3 hypoglycemia (RR: 1.91 with
95% CI1[0.66, 5.57], p=0.23), and the pooled studies were hetero-
geneous (p=0.03, I>=78%) (Figure 6¢). Regarding the incidence
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FIGURE3 | Forest plot of the differences in HbAlc levels.
insulin once weekly insulin once daily Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bergenstal et al.2024 -1.47 0.18 293 -1.23 0.12 311 334% -0.24 [-0.26, -0.22] L]
Jones et al.2023 -0.58 0.45 290 -1.88 04 292 33.3% 1.30[1.23, 1.37] =
Kazda et al.2023 -0.41 0.5 123 -0.67 045 126 33.3% 0.26 [0.14, 0.38] =
Total (95% Cl) 706 729 100.0% 0.44 [-0.64, 1.52]

Heterogeneity: Tau? = 0.90; Chi? = 1718.69, df = 2 (P < 0.00001); I = 100%

Test for overall effect: Z = 0.80 (P = 0.42)

FIGURE4 | Forest plot of the differences in fasting blood glucose levels.

or renal impairment. Clinicians should thus account for poten-
tial confounding factors when interpreting HbA1lc values and
considering adjustments in insulin therapy [18].

Despite the challenges of transitioning a patient with T1IDM
to once-weekly basal insulin [19], in terms of fasting blood

4 05 0 05 1
Favours [insulin weekly] Favours [insulin daily]

glucose, no significant differences were observed between
the two regimens. This suggests that once-weekly insulin can
achieve similar short-term glycemic targets as daily insulin
in controlling fasting blood glucose levels. However, the high
heterogeneity in this outcome indicates considerable vari-
ability in the included studies, which limits the confidence in
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a) Hypersensitivity reactions

insulin once weekly insulin once daily Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bergenstal etal.2024 42 343 38 349 45.0% 1.12([0.74,1.70] — i
Jones etal.2023 36 290 41 292 4838% 0.88[0.58,1.34] ——
Kazda etal.2023 9 139 5 126 6.3% 1.63[0.56, 4.74]
Total (95% Cl) 772 767 100.0%  1.04[0.78,1.38] e
Total events a7 g4
Heterogeneity: Chi*=1.40, df= 2 (P = 0.50); F=0% IJ=2 0:5 é é
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b) Injection site reactions
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Bergenstal etal.2024 9 343 1 349 195% 916([1.17,71.89)
Jones etal.2023 1 290 2 292 39.2% 0.50[0.05,5.52] L
Kazda etal.2023 8 139 2 126 41.3% 3.63[0.78,16.76) T— &
Total (95% Cl) 772 767 100.0%  3.48[1.30,9.31] e
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b 2= - - CR= I + t d
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c) Serious adverse events
insulin once weekly insulin once daily Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bergenstal etal. 2024 45 343 24 349 496% 1.91[1.19, 3.08] —i—
Jones etal.2023 24 290 20 292 41.6% 1.21[0.68, 2.14]
Kazda et al.2023 5 139 4 126 8.8% 1.13[0.31,4.13] —
Total (95% ClI) 772 767 100.0%  1.55[1.09,2.19] R
Total events 74 48
Heterogeneity: Chi*=1.70, df= 2 (P = 0.43), F=0% o ol v 100

Test for overall effect: Z= 2.46 (P=0.01)
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d) Treatment emergent adverse events

insulin once weekly insulin once daily Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bergenstal et al.2024 247 343 234 349 79.2% 1.07[0.97,1.19] ]
Kazda etal. 2023 82 139 58 126 208% 1.28[1.01,1.62) —
Total (95% CI) 482 475 100.0% 1.12[1.02,1.23] e
Total events 329 292

e (i = = = - + t t t
Heterogeneity: Chi*=1.93, df=1 (P=0.17); F= 48% 07 055 12 15

Testfor overall effect: Z= 2.34 (P =0.02)

FIGURE 5
emergent adverse events.

this result. Further research with standardised study designs
may be needed to elucidate these regimens' impact on fasting
glucose.

Despite advancements in insulin therapy, managing T1DM re-
mains complex, and challenges persist, particularly regarding
adverse reactions associated with different dosing regimens [20].
Injection site reactions, although generally rare, can range in se-
verity from localised erythema and swelling to more generalised
reactions, such as urticaria and angioedema [21]. This meta-
analysis emphasised the safety profile of once-weekly insulin, as
the less frequent dosing could potentially alter adverse event pat-
terns. Our analysis revealed a statistically significant increase in
injection site reactions among patients on once-weekly insulin.

Favours [insulin weekly] Favours [insulin daily]

| Forest plot of safety outcomes: (a) hypersensitivity reactions, (b) injection site reactions, (c) serious adverse events, and (d) treatment-

This heightened risk may stem from the larger volume or higher
insulin concentration in once-weekly formulations, which could
cause localised irritation. Further research may be necessary to
optimise these formulations or adjust injection techniques to
mitigate these reactions. Additionally, serious adverse events
and treatment-emergent adverse events were more frequently
observed in patients using once-weekly insulin. These findings
suggest that while once-weekly insulin offers the advantage of
fewer injections, it may pose increased risks of adverse events
that should be carefully considered.

Achieving optimal glycemic control with minimal glucose
variability and hypoglycemia, especially nocturnal hypoglyce-
mia, remains a key objective in insulin therapy, particularly for
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a) Hypoglycemia level 1

insulin once weekly  insulin once daily

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergenstal et al.2024 340 343 337 349 Mot estimable

Jones etal.2023 288 290 289 292 53.8% 1.00[0.99,1.02]

Kazda et al.2023 116 116 123 123 46.2% 1.00[0.98,1.02]

Total (95% ClI) 406 415 100.0% 1.00 [0.99, 1.01]

Total events 404 412

Heterogereity: Tau?= 0.00; Chi#= 0.10, df=1 (P = 0.75); F= 0%
Testfor overall effect Z= 0.32 (P = 0.75)

b) Hypoglycemia level 2
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insulin once weekly  insulin once daily Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergenstal et al.2024 270 343 2895 349 Not estimable
Jones etal.2023 262 290 250 292 67.3% 1.06[0.99,1.12] +——
Kazda et al.2023 108 116 106 123 327% 1.08[0.99,1.18] =
Total (95% CI) 406 415 100.0% 1.06 [1.01,1.12] i
Total events 370 356

i 12 - . iR - - - R - ; : : {
Heterogeneity: Tau®= 0.00; Chi*=0.19, df=1 (P = 0.66); F= 0% 085089 M

Testfor overall effect Z=2.44 (P =0.01)

c) Hypoglycemia level 3

: 1.2
Favours [insulin weekly] Favours [insulin daily]

insulin once weekly  insulin once daily Risk Ratio Risk Ratio

Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergenstal et al.2024 35 343 11 349 51.7% 3.24[1.67,6.27] ——
Jones etal.2023 13 280 12 292 483% 1.09[0.51, 2.35]
Total (95% CI) 633 641 100.0% 1.91 [0.66, 5.57]
Total events 48 23
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Heterogeneity: Tau®= 0.46; Chi*= 4.45, df=1 (P=0.03); F=78% 0.01 01 1 10 100

Testfor overall effect Z=1.19 (P = 0.23)

d) Hypoglycemia level 2 or 3

Favours [insulin weekly] Favours [insulin daily]

insulin once weekly insulin once daily Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bergenstal et al.2024 305 343 306 348 548% 1.01[0.96, 1.07] —i—
Jones et al.2023 263 290 250 292 451% 1.06[1.00,1.12] -
Total (95% CI) 633 641 100.0% 1.03 [0.99, 1.08] '-
Total events 568 556
Heterogeneity. Chi*=1.12,df=1 (P=0.29), F=10% 0"85 0?9 1f1 132

Test for overall effect. Z=1.66 (P=0.10)

FIGURE 6
(d) hypoglycemia level 2 or 3.

patients with T1IDM [22]. Nocturnal hypoglycemia, defined as
a drop in blood glucose levels below 3.5mmol/L during sleep,
poses a serious risk due to its potential to go undetected, leading
to unrecognised hypoglycemia and an elevated risk of cardio-
vascular events [23]. Our analysis showed no overall significant
difference in the incidence of level 1 or level 2 hypoglycemia be-
tween once-weekly and once-daily insulin regimens. However,
excluding the study by Bergenstal et al. revealed a slight but
statistically significant increase in level 2 hypoglycemia among
patients on once-weekly insulin, suggesting that this regimen
may be associated with a higher risk of more severe hypogly-
cemic episodes. Moreover, a significant increase in nocturnal
hypoglycemia was observed for both level 1 and level 2 events
with once-weekly insulin. This is particularly concerning as
nocturnal hypoglycemia episodes may go undetected, increas-
ing the risk of serious adverse outcomes. For patients with a
history of hypoglycemia or those at higher risk of nocturnal

Favours [insulin weekly] Favours [insulin daily)

| Forest plot of hypoglycemic events, categorised as (a) hypoglycemia level 1, (b) hypoglycemia level 2, (c) hypoglycemia level 3, and

episodes, clinicians should exercise caution when considering
a once-weekly insulin regimen. Enhanced glucose monitoring,
particularly during nighttime hours, may be necessary to mit-
igate these risks. The slight increase in HbAlc observed with
once-weekly insulin may be attributed to differences in phar-
macokinetics and pharmacodynamics. Once-weekly insulins
generally exhibit prolonged absorption and a flatter time-action
profile, which may lead to less stable glucose control compared
to once-daily basal insulins. Additionally, the increased risk of
nocturnal hypoglycemia may stem from variations in insulin
metabolism, with peak activity occurring during the overnight
period [24]. Furthermore, the higher incidence of injection site
reactions observed in our analysis could be related to the in-
creased volume and concentration of the weekly formulation.
These potential mechanisms highlight the need for further in-
vestigation into the long-term metabolic effects and safety pro-
file of once-weekly insulin regimens.
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a) Nocturnal hypoglycemia level 1

insulin once weekly insulin once daily Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bergenstal et al.2024 262 343 246 349 431%  1.08[0.99,119] T—
Jones etal.2023 237 290 21 292 37.2%  1.13[1.03,1.24)] —
Kazda et al.2023 113 116 115 123 19.7% 1.04[0.99,1.10] T
Total (95% CI) 749 764 100.0%  1.09 [1.04,1.15] -
Total events 612 572
Heterogeneity: Chi*= 3.48, df=2 (P=018); F= 43% 0?? 0.=85 1?2 1?5

Test for overall effect: Z= 3.33 (P = 0.0009)

b) Nocturnal hypoglycemia level 2
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insulin once weekly  insulin once daily Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jones etal.2023 171 290 140 292 B7.2% 1.23[1.06, 1.43]
Kazda et al.2023 34 116 70 123 328% 1.27 [1.05,1.54] L —
Total (95% Cl) 406 415 100.0%  1.24[1.10,1.40] B
Total events 255 210
Heterogeneity: Chi*=0.08, df=1 (P=0.78), F= 0% 07 05 13 15

Testfor overall effect: Z= 3.55 (P = 0.0004)
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c) Nocturnal hypoglycemia level 2 or 3

insulin once weekly  insulin once daily

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bergenstal etal.2024 182 343 181 349 51.3% 1.02[0.89,1.18)

Jones etal.2023 171 290 140 292 487% 1.23[1.086, 1.43) ——

Total (95% Cl) 633 641 100.0% 1.12[0.93,1.34]

Total events 353 3N

Heterogeneity: Tau®=0.01; Chi®= 2.98, df= 1 (P = 0.08); F = 66% 0?5 0?? ; 1?5 52

Testfor overall effect. Z=122 (P=0.22)

FIGURE7 |
and (c) nocturnal hypoglycemia level 2 or 3.

Lastly, it is important to comment on the heterogeneity in this
study, as we observed notable heterogeneity in outcomes, in-
cluding fasting blood glucose levels (p<0.00001, I>=100%),
incidence of level 1 hypoglycemia (p=0.07, I*=63%), level 2 hy-
poglycemia (p=0.008, I*=80%), level 3 hypoglycemia (p=0.03,
I2=78%), and type 2 or 3 nocturnal hypoglycemia. Several
factors may explain this heterogeneity. First, in the study by
Jones et al. insulin dose adjustment was uniquely reported.
Participants switched to insulin degludec intending to achieve a
pre-breakfast self-measured blood glucose level of 4-7mmol/L.
The starting dose was calculated as seven times the pre-trial
daily basal insulin dose, with an additional 50% for those whose
screening HbAlc was <8.0% and 100% for those whose screen-
ing HbAlc was >8.0%. Second, the eligible HbA1lc range varied
across other investigations; for example, Kazda et al. included
5.6%-9.5%, whereas Bergenstal et al. included 7%-10%. Third,
the target fasting glucose ranges (80-130, 80-100, and 80-
120mg/dL) differed among the three studies, potentially lead-
ing to more frequent insulin dose escalations and increasing
the risk of hypoglycemia. Furthermore, CGM was only reported
by Bergenstal et al. potentially affecting both the detection and
management of hypoglycemia. Lastly, although both insulin
icodec and insulin efsitora are administered once weekly, their
pharmacokinetic profiles differ. Insulin icodec has an approxi-
mate half-life of 7-8 days (168-196 h) [25] and reaches maximum
concentration (Tmax) around 16h post-administration [26]. By
contrast, insulin efsitora has a half-life of approximately 17 days

Favours [insulin weekly] Favours [insulin daily]

Forest plot of nocturnal hypoglycemia events, categorised as (a) nocturnal hypoglycemia level 1, (b) nocturnal hypoglycemia level 2,

[8] and achieves Tmax around 4days [26]. This prolonged half-
life supports a more stable insulin release and flatter pharmaco-
kinetic profile, potentially reducing peak-to-trough fluctuations
and maintaining consistent basal coverage. However, it under-
scores the need for new metrics that more accurately capture
glycemic changes over these extended dosing intervals [26].

4.1 | Clinical Practice Implications

Implementing once-weekly insulin therapy in T1DM requires
careful consideration of several key clinical practice elements.
Patient selection is paramount, with ideal candidates being those
who demonstrate poor adherence to daily regimens, maintain
stable glucose control, or face significant barriers to daily insu-
lin administration [27]. Conversely, patients requiring frequent
dose adjustments, those with a history of severe injection site
reactions, or individuals with highly variable insulin require-
ments may be less suitable for this approach. Treatment decisions
should carefully weigh the trade-offs between a slight increase in
HbA1c, a higher risk of nocturnal hypoglycaemia, and potential
adherence benefits, while also considering patient preferences
and lifestyle factors. The monitoring strategy should be particu-
larly rigorous during the initial transition period, incorporating
more frequent blood glucose measurements, early assessment of
injection sites, and close tracking of glycaemic patterns. Long-
term follow-up should focus on regular evaluation of injection
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sites, monitoring for cumulative effects on glycaemic control,
and ongoing assessment of patient satisfaction and adherence
[28-30]. Risk mitigation strategies should address both injection
site reactions through proper site rotation and technique educa-
tion, as well as glycaemic control through optimised mealtime
insulin dosing and potential CGM use. Comprehensive patient
education is essential, covering the new administration sched-
ule, injection site management, the importance of maintaining
scheduled doses, and modified sick-day protocols. Healthcare
systems must consider various factors, including potential re-
ductions in supply costs and healthcare utilisation, insurance
coverage implications and resource allocation for increased
initial education time and modified follow-up schedules [31].
Future research priorities should address long-term safety and
efficacy, quality of life impact, cost-effectiveness, optimal patient
population identification and transition protocol development.
Implementation should follow a structured approach, beginning
with low-risk patients and establishing clear monitoring proto-
cols and communication channels. Success should be measured
through systematic outcome monitoring, adverse event tracking,
patient satisfaction assessment and adherence rate evaluation.
While once-weekly insulin presents a promising option for select
T1DM patients, particularly those struggling with daily admin-
istration adherence, successful implementation requires careful
patient selection, comprehensive monitoring and robust risk mit-
igation strategies within a framework of shared decision-making
between healthcare providers and patients.

4.2 | Limitations

Several important limitations should be considered when inter-
preting the results of this meta-analysis comparing once-weekly
and once-daily insulin regimens in TIDM. The analysis was
constrained by the inclusion of only three RCTs with 1724 par-
ticipants, which limits the statistical power and generalisability
of the findings. The relatively short follow-up duration, ranging
from 26 to 57weeks, prevents a comprehensive assessment that
limits our ability to assess long-term glycaemic control, dura-
bility of adherence and safety outcomes. Additionally, hetero-
geneity was observed in fasting blood glucose outcomes, which
may be influenced by differences in patient characteristics or in-
sulin formulations across studies. Lastly, our analysis does not
include real-world data, which may provide a more comprehen-
sive understanding of patient adherence and long-term safety.
The study population demographics were relatively narrow,
with mean ages ranging from 44.1 to 47.4years and BMI ranges
of 25.9-27.5kg/m?, potentially limiting applicability to broader
patient populations, including elderly individuals, paediatric
patients, and those with more extreme BMIs. Treatment proto-
cols varied across studies, with two studies using alpha Efsitora
and one using codec with Aspart, while comparator groups used
either Degludec alone or Aspart with Degludec, making direct
comparisons challenging. The assessment of outcomes focused
primarily on glycaemic control and safety parameters, with lim-
ited evaluation of important patient-centred outcomes such as
quality of life, treatment satisfaction and adherence.

Additionally, the economic implications and healthcare util-
isation patterns were not thoroughly examined. The analysis

was further limited by varying definitions of adverse events
and hypoglycemia levels across studies, potentially affecting
the consistency of safety outcome reporting. Some subgroup
analyses were restricted due to the small number of studies and
participants, and specific patient populations may have been
underrepresented. These limitations highlight the need for fu-
ture research incorporating more extended follow-up periods,
larger and more diverse patient populations, standardised pro-
tocols and comprehensive outcome measures, including patient-
reported outcomes and cost-effectiveness analyses. Particular
attention should be paid to studying specific patient subgroups,
including those with various comorbidities and different ethnic
backgrounds, to better understand the generalisability of these
findings. Despite these limitations, this meta-analysis provides
valuable initial insights into the comparative efficacy and safety
of once-weekly versus once-daily insulin regimens while em-
phasising the importance of cautious interpretation and applica-
tion of the findings in clinical practice.

5 | Conclusion

In conclusion, this meta-analysis suggests that once-weekly in-
sulin in Type 1 Diabetes Mellitus offers a nuanced alternative to
daily insulin, with modest differences in glycemic control and
notable safety considerations. While once-daily insulin demon-
strated slightly superior HbA1lc reduction, once-weekly insulin
presents potential advantages in patient adherence, balanced
against increased risks of injection site reactions and nocturnal
hypoglycemia. Patient selection is crucial, with ideal candidates
being those struggling with daily insulin regimens and main-
taining stable glucose control.
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