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Objective: This trial aimed to evaluate the glycemic control of polyethylene glycol
loxenatide measured with continuous glucose monitoring (CGM) in patients with
type 2 diabetes mellitus (T2DM), with the hypothesis that participants given PEG-
Loxe would spend more time in time-in-range (TIR) than participants were given
insulin glargine after 24 weeks of treatment.

Methods: This 24-week, randomized, open-label, parallel-group studywasconducted
in the Department of Endocrine and Metabolic Diseases, Longhu Hospital, Shantou,
China. Participants with T2DM, who were ≥45 years of age, HbA1c of 7.0%–11.0%, and
treated at least 3monthswithmetforminwere randomized (1:1) to receivePEG-Loxeor
insulin glargine. The primary endpointwas TIR (bloodglucose range: 3.9–10.0mmol/L)
during the last 2 weeks of treatment (weeks 22–24).

Results: From March 2020 to April 2022, a total of 107 participants with T2DM were
screened, of whom 78 were enrolled into the trial (n = 39 per group). At the end of
treatment (weeks 22–24), participants given PEG-Loxe had a greater proportion of
time in TIR compared with participants given insulin glargine [estimated treatment
difference (ETD) of 13.4% (95%CI, 6.8 to 20.0,p<0.001)]. The tight TIR (3.9–7.8mmol/
L) was greater with PEG-Loxe versus insulin glargine, with an ETD of 15.6% (95% CI,
8.9 to 22.4, p < 0.001). The time above range (TAR) was significantly lower with PEG-
Loxe versus insulin glargine [ETD for level 1: −10.5% (95% CI: −14.9 to −6.0), p < 0.001;
ETD for level 2: −4.7% (95% CI: −7.9 to −1.5), p = 0.004]. The time below range (TBR)
was similar between the two groups. The mean glucose was lower with PEG-Loxe
versus insulin glargine, with an ETD of −1.2mmol/L (95% CI, −1.9 to −0.5, p = 0.001).
The SD of CGM glucose levels was 1.88mmol/L for PEG-Loxe and 2.22mmol/L for
insulin glargine [ETD -0.34mmol/L (95% CI: −0.55 to −0.12), p = 0.002], with a similar
CV between the two groups.

Conclusion: The addition of once-weekly GLP-1RA PEG-Loxe to metformin was
superior to insulin glargine in improving glycemic control and glycemic variability
evaluated by CGM in middle-aged and elderly patients with T2DM.
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1 Introduction

The prevalence of type 2 diabetes mellitus (T2DM) continues to
rise globally and shows no signs of stabilizing. The global prevalence
of T2DMwas reported to be 6.28% (462 million individuals) in 2017
(Khan et al., 2020). Recently released data estimates that the number
of individuals with T2DM worldwide will increase to 700 million by
2045 (Sun et al., 2021). T2DM is considered a typical age-related
disease and usually manifests after the age of 40 (Jung et al., 2022).
The incidence of T2DM rises with age, with pooled global estimates
suggesting that it is most commonly seen around 55–59 years of age
(Tinajero and Malik, 2021).

Glucagon-like peptide-1 (GLP-1) receptor agonist (GLP-1RA) is
a new class of glucose-lowering medications that exert efficacy by
promoting insulin secretion and inhibiting glucagon secretion. GLP-
1RA drugs also have multiple benefits, including weight loss,
improvement of lipid profile, and cardiovascular protection
(Pedrosa et al., 2022).

Polyethylene glycol loxenatide (PEG-Loxe) is a once-weekly long-
acting GLP-1RA, derived from the structural modification of exendin-4
(Cai et al., 2023). The efficacy and safety of PEG-Loxe has been
established in patients with T2DM. In a phase 3a trial, PEG-Loxe at
0.2 mg led to a 1.34% reduction in glycated hemoglobin (HbA1c) after
24 weeks of treatment (Shuai et al., 2021). In the phase 3b trial, PEG-
Loxe at 0.2 mg combined with metformin demonstrated a similar

HbA1c reduction (−1.14%) (Gao et al., 2020). Moreover, our
previous study reported that PEG-Loxe improved endothelial cell
function in middle-aged and elderly patients with T2DM (Chen
et al., 2022). Safety data showed that PEG-Loxe was well tolerated,
with <3% of hypoglycemic events, <2% of antidrug antibodies, and
10%–25% of patients experiencing gastrointestinal disorders (Gao et al.,
2020; Shuai et al., 2021).

HbA1c is the gold standard for glycemic monitoring in patients
with T2DM. However, HbA1c only reflects glycemic status for the
prior 3 months, and cannot reflect short-term glycemic variability
and hypoglycemia risk (Hempe and Hsia, 2022). Recently, the use of
continuous glucose monitoring (CGM) technology has been
increasing, providing a range of new indicators [time-in-range
(TIR), coefficient of variation (CV)] in glycemic monitoring.
Among them, TIR is an important indicator for evaluating
glycemic control, and studies have shown that TIR can predict
the risk of diabetes complications (Advani, 2020; Yoo and Kim,
2020). The mechanism of PEG-Loxe lowering blood glucose is
shown in Figure 1. Recently published studies reported that GLP-
1RA (liraglutide, semaglutide, and dulaglutide) significantly
improved TIR in patients with T2DM (Sofizadeh et al., 2019;
Wang et al., 2019; Al Hayek and Al Dawish, 2022). However, it
is unclear whether PEG-Loxe influences TIR in patients with T2DM.

This trial aimed to evaluate the glucose control measured with
CGM in participants with T2DM, based on the hypothesis that

FIGURE 1
Polyethylene glycol loxenatide (PEG-Loxe) can effectively stimulate pancreatic beta cells to secrete insulin to control blood glucose, and there are
fewer adverse reactions such as hypoglycemia.
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participants given PEG-Loxe would spend more time in TIR
(3.9–10.0 mmol/L) than participants were given insulin glargine after
24 weeks of treatment. To test the hypothesis, a 24-week, randomized,
open-label, parallel-group trial was conducted comparing PEG-Loxe vs.
insulin glargine in middle-aged and elderly patients with T2DM. The
primary endpoint was TIR, with secondary endpoints including tight
TIR, time above range (TAR), time below range (TBR), mean glucose,
glycemic variability and HbA1c.

2 Materials and methods

2.1 Trial design and participants

This 24-week, randomized, open-label, parallel-group trial was
conducted between March 2020 and October 2022 by the
Department of Endocrine and Metabolic Diseases, Longhu
Hospital, Shantou, China. The Ethics Committee of Longhu
Hospital approved the trial protocol (No. LHLL2019002), which
followed local regulations and the Declaration of Helsinki. All
patients provided written informed consent. This clinical trial
was registered with ClinicalTrials.gov (ChiCTR1900026514) and
consisted of three periods: a screening period (2 weeks), a run-in
period (2 weeks), and a treatment period (24 weeks) (Figure 2).

Key inclusion criteria included patients with T2DM (according
to the 2020 China guideline criteria) (Society, 2021), ≥45 years of
age, HbA1c of 7.0%–11.0%, and treated with metformin at least
3 months. Key exclusion criteria included patients with severe
diabetic complications, gastrointestinal disease or surgical history,
and history of any cardiovascular diseases that had occurred within
the last 3 months. The entire inclusion and exclusion criteria are
displayed in Supplementary Figure S1.

2.2 Randomization and masking

Eligible participants were randomly assigned (1:1) to receive once-
weekly PEG-Loxe (0.2 mg) or once-daily insulin glargine (100 U/mL)
by using the Interactive Web Response System. Participants were

stratified according to baseline HbA1c (≤8.5% or >8.5%). An open-
label design was used in this trial, mainly due to differences in
administration frequency and injection device between the two groups.

2.3 Procedures

During the run-in period, participants received training for self-
injection and the use of the CGM system (Abbott FreeStyle Libre
Pro, California, United States). At the start of treatment (Week 0),
participants received PEG-Loxe or insulin glargine as an add-on to
metformin treatment. PEG-Loxe (Hansoh Pharma) was
administered subcutaneously, once weekly at a dose of 0.2 mg.
Insulin glargine 100 U/mL (Sanofi) was administered
subcutaneously once daily. Based on baseline fasting glucose, the
initial dose of insulin glargine was at least 8 U per day. The insulin
dose was adjusted twice a week, following a treat-to-
target algorithm, based on the previous three self-monitoring of
blood glucose (SMBG) values (Wang et al., 2019).

Prior to randomization, general information was collected,
including demographic data, vital signs, and medical history.
Blood was drawn for HbA1c testing.

The CGM data were collected during three CGM measuring
periods, namely, run-in period (weeks -2–0), the first 2 weeks of
treatment (weeks 0–2), and the last 2 weeks of treatment (weeks
22–24). The interstitial glucose values were measured at 15 min
intervals by the CGM system (Goldenberg et al., 2021). To be eligible
for the randomization, participants needed to have at least 235 h
(equivalent to 9.8 days) of available CGM data. The CGM system
was removed before randomization. The process was repeated on
two occasions at the start of treatment (weeks 0–2), and the end of
treatment (weeks 22–24). The CGM readings were blinded to
participants but were recorded by the device.

2.4 Endpoints

The primary endpoint was TIR, the percentage of time spent in
target range (3.9–10.0 mmol/L) during the last 2 weeks of treatment

FIGURE 2
This study is consisted of three periods: a screening period (2 weeks), a run-in period (2 weeks), and a treatment period (24 weeks).
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(weeks 22–24), as recommended from the International CGM
Consensus (2019) (Battelino et al., 2019). The secondary
endpoints included tight TIR [the percentage of time spent in
tight target range (3.9–7.8 mmol/L)], TAR (level 1:
10.1–13.9 mmol/L; level 2: >13.9 mmol/L), TBR (level 1:
3.0–3.8 mmol/L; level 2: <3.0 mmol/L), mean glucose, and
glycemic variability [as measured by within-day standard
deviation (SD) and CV] during the last 2 weeks of treatment
(weeks 22–24); and changes in HbA1c at 24 weeks. The
exploratory endpoints included TIR, tight TIR, TAR, TBR, mean
glucose, and glycemic variability during the first 2 weeks of
treatment (weeks 0–2).

Because the safety profiles of PEG-Loxe and insulin glargine are
well characterized, reportable adverse events (AEs) were limited to
serious AEs (SAEs), AEs leading to discontinuation of trial drugs,
and severe hypoglycemia (requiring assistance from another
person).

2.6 Statistical analyses

The planned sample size of 78 participants was randomized 1:
1 to receive either PEG-Loxe or insulin glargine. This sample size
would provide 90% power to detect an absolute difference of ≥25%
in TIR (assuming an SD of 30%, a type I error of 5%, and a 20%
withdrawal rate) (Jendle et al., 2016) between the PEG-Loxe and
insulin glargine groups.

The continuous variables were examined for normal distribution
using Kolmogorov-Smirnov test. Baseline characteristics were
evaluated using independent samples t-test, Mann-Whitney U test,
or χ2 test. The analyses of primary endpoints were performed for the
full analysis set (participants exposed to ≥1 treatment and had a
baseline TIR), and a mixed model for repeated measurements
(MMRM) was used, with a multiple linear imputation method
(Rubin, 1987). Fixed effects included group, time, and interactions
between group and time. Covariates included baseline TIR and sex.
The analyses of secondary endpoints and exploratory endpoints were
performed for the per-protocol set (participants who completed the
study without any major protocol violations). A similar model was
implemented to analyze tight TIR, TAR, TBR, mean glucose, SD, and
CV. The χ2 test or Fisher exact test was used to analyze categorical
variables. Sensitivity analyses were performed for the primary
endpoint, based on the per-protocol set.

Analyses were performed using Statistical Analysis System
(SAS) version 9.4. A p-value <0.05 (2-sided) was considered
statistically significant.

3 Results

Between March 2020 and April 2022, a total of 107 adults with
T2DM were screened, of whom 78 were enrolled into the trial (n =
39 per group). Of the enrolled, 69 participants (88.5%) completed
the trial (n = 35 and n = 34 for PEG-Loxe and insulin glargine,
respectively) (Figure 3). The baseline characteristics were similar
between the two groups (Table 1).

3.1 Primary endpoints

During the last 2 weeks of treatment, participants given
PEG-Loxe spent significantly more TIR (3.9–10.0 mmol/L)
within the 2-week period than did those given insulin
glargine. The least-square mean (LSM) TIR was 81.4% (95%
CI, 76.7–86.0) for the PEG-Loxe group and 67.9% (95% CI,
63.3–72.6) for the insulin glargine group, with an estimated
treatment difference (ETD) of 13.4% (95% CI, 6.8 to 20.0, p <
0.001) (Table 2). This was equivalent to an additional 3.22 h of
TIR per day with PEG-Loxe versus insulin glargine. Sensitivity
analyses for the primary endpoint showed similar results
(Supplementary Table S1).

3.2 Secondary endpoints

At the end of treatment (weeks 22–24), the LSM (95% CI)
tight TIR (3.9–7.8 mmol/L) was greater with PEG-Loxe versus
insulin glargine, with an ETD of 15.6% (95% CI, 8.9 to 22.4, p <
0.001). The TAR (level 1: 10.1–13.9 mmol/L, and level 2:
>13.9 mmol/L) were significantly lower with PEG-Loxe versus
insulin glargine [ETD for level 1: −10.5% (95% CI: −14.9 to −6.0),
p < 0.001; ETD for level 2: −4.7% (95% CI: −7.9 to −1.5), p =
0.004]. The TBR (level 1: 3.0–3.8 mmol/L, and level 2:
<3.0 mmol/L) was similar between the two groups. The mean
glucose was lower with PEG-Loxe versus insulin glargine, with an
ETD of −1.2 mmol/L (95% CI, −1.9 to −0.5, p = 0.001). The
changes in HbA1c at 24 weeks were similar with PEG-Loxe [95%
CI, −1.1% (−1.4 to −0.8)] and insulin glargine [-0.9%
(−1.2to −0.6), p = 0.31]. The SD of CGM glucose levels was
1.88 mmol/L for PEG-Loxe and 2.22 mmol/L for insulin glargine
[ETD -0.34 mmol/L (95% CI: −0.55 to −0.12), p = 0.002], with a
similar CV between the two groups (Table 2). Supplementary
Figure S2 shows CGM profiles examples of 2 participants during
the last 2 weeks of treatment (weeks 22–24).

3.3 Exploratory endpoints

During the first 2 weeks of treatment (weeks 0–2), the LSM (95%
CI) TIR (3.9–10.0 mmol/L) was similar with PEG-Loxe [55.6%
(52.0–59.2)] and insulin glargine [54.5% (50.7–58.2), p = 0.66].
The tight TIR, TAR, TBR, mean glucose, SD, and CV were similar
between the two groups (Table 3).

3.4 Safety

The incidence of SAEs was similar with PEG-Loxe and insulin
glargine. Two (2.6%) patients (PEG-Loxe: N = 1 [2.6%] and insulin
glargine: N = 1 [2.6%]) discontinued treatment because of AEs. The
incidence of severe hypoglycemia was 0.0% (0/39) and 2.6% (1/39)
in the PEG-Loxe and insulin glargine groups, respectively. No new
safety issues related to PEG-Loxe were identified (Supplementary
Table S2).
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4 Discussion

This is the first head-to-head study designed to evaluate the
efficacy of PEG-Loxe versus insulin glargine on glycemic control
measured by CGM in middle-aged and elderly patients with T2DM.
In the present trial, compared with insulin glargine, the addition of
PEG-Loxe with metformin resulted in significantly greater TIR
(3.9–10.0 mmol/L) during the last 2 weeks of treatment. This was
accompanied by similar HbA1c reduction between the two groups.

A small fluctuation in plasma drug concentrations is one of the
advantages of long-acting GLP-1RAs (Gentilella et al., 2019), which
may indicate that long-acting GLP-1RAs exert stable glucose-
lowering effects. A few CGM studies have been done on the
effects of GLP-1RA on glucose fluctuation. Dulaglutide treatment
resulted significantly greater improvement in TIR (from 40.7% to
83.1%) compared with insulin glargine (from 52.2% to 73.0%) in
patients with T2DM at 26 weeks (Jendle et al., 2016). TIR increased
significantly in liraglutide-treated patients, from 57% at baseline to

75% at 24 weeks (Lane et al., 2014). As a long-acting GLP-1RA,
PEG-Loxe consists of modified exendin-4 covalently linked to a
branched polyethylene glycol (PEG) (Chen et al., 2017), thereby
enhancing resistance to proteolysis and reducing renal clearance,
which increases stability and prolongs protein circulating times
(Kang et al., 2009). In the previous pharmacokinetic trial, the
concentration–time profile of PEG-Loxe showed small peak-to-
trough fluctuation, indicating that plasma concentration of PEG-
Loxe was relatively stable (Yang et al., 2015). This suggests that PEG-
Loxe may exert stable glucose-lowering effects. In this study, PEG-
Loxe displayed similar potency for TIR improvement (from 48.6% to
81.4%) as dulaglutide. Moreover, insulin glargine treatment resulted
in a TIR level of 67.9% in this study, which is comparable to previous
reports in which insulin glargine increased TIR level to 56.0%–70.7%
(Wang et al., 2019; Goldenberg et al., 2021).

The significantly reduced hyperglycemia (as measured by TAR)
in the PEG-Loxe group supported a significant improvement in
postprandial glycemic control with PEG-Loxe. This improvement

FIGURE 3
Consort flow diagram.
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TABLE 1 Baseline characteristics of participants.

PEG-loxe (n = 39) Insulin glargine (n = 39) p-Value

Women, N (%) 17 (43.6) 22 (56.4) 0.26

Age, y 68.3 (10.4) 67.4 (10.2) 0.73

Duration, y 10.6 (7.6) 9.9 (5.7) 0.67

Body weight, kg 59.4 (12.6) 59.9 (7.6) 0.82

BMI, kg/m2 22.7 (3.1) 22.6 (2.4) 0.85

HbA1c, % 8.56 (1.27) 8.79 (1.10) 0.39

CGM

Mean glucose, mmol/L 10.6 (2.3) 10.1 (2.3) 0.33

TIR (3.9–10.0 mmol/L), % 48.6 (26.8) 52.6 (23.7) 0.48

Tight TIR (3.9–7.8 mmol/L), % 32.1 (19.0) 36.4 (18.1) 0.31

TAR (>10.0 mmol/L), % 50.8 (27.0) 45.8 (25.2) 0.40

TAR (level 1: 10.1–13.9 mmol/L), % 29.6 (15.7) 26.7 (16.3) 0.45

TAR (level 2: >13.9 mmol/L), % 21.2 (0.4) 19.1 (0.9) 0.42

TBR (<3.9 mmol/L), % 0.0 (0.0, 1.0) 0.0 (0.0, 2.0) 0.67

TBR (level 1: 3.0–3.8 mmol/L), % 0.0 (0.0, 1.0) 0.0 (0.0, 2.0) 0.70

TBR (level 2: <3.0 mmol/L), % 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.30

Abbreviations: BMI, bodymass index; HbA1c, glycated hemoglobin; CGM, continuous glucose monitoring; TIR, time in range; Tight TIR, tight time in range; TAR, time above range; TBR, time

below range. Data are expressed as mean (SD) or median (interquartile range), unless otherwise indicated.

TABLE 2 Primary and secondary endpoints at the end of treatment (weeks 22–24).

PEG-loxe mean
(95% CI)

Insulin glargine mean
(95% CI)

ETD (PEG-Loxe− insulin glargine)
(95% CI)

p-Value

Primary endpoint n = 39 n = 39

TIR (3.9–10.0 mmol/L), % 81.4 (76.7, 86.0) 67.9 (63.3, 72.6) 13.4 (6.8, 20.0) <0.001

Secondary endpoints n = 35 n = 34

Tight TIR (3.9–7.8 mmol/L), % 67.3 (62.6, 72.1) 51.7 (46.8, 56.5) 15.6 (8.9, 22.4) <0.001

TAR (>10.0 mmol/L), % 17.7 (12.7, 22.7) 33.1 (28.0, 38.2) −15.4 (−22.5, −8.3) <0.001

TAR (level 1: 10.1–13.9 mmol/
L), %

12.1 (9.0, 15.2) 22.6 (19.4, 25.8) −10.5 (−14.9, −6.0) <0.001

TAR (level 2: >13.9 mmol/L), % 5.7 (3.5, 8.0) 10.4 (8.1, 12.7) −4.7 (−7.9, −1.5) 0.004

TBR (<3.9 mmol/L), % 1.7 (0.8, 2.7) 1.1 (0.1, 2.0) 0.7 (−0.7, 2.0) 0.32

TBR (level 1: 3.0–3.8 mmol/L), % 1.5 (0.7, 2.2) 1.0 (0.3, 1.7) 0.5 (−0.5, 1.5) 0.36

TBR (level 2: <3.0 mmol/L), % 0.3 (0.1, 0.5) 0.1 (−0.2, 0.3) 0.2 (−0.1, 0.5) 0.25

Mean glucose, mmol/L 7.8 (7.3, 8.3) 9.0 (8.5, 9.5) −1.2 (−1.9, −0.5) 0.001

Change in HbA1c, % −1.1 (−1.4, −0.8) −0.9 (−1.2, −0.6) −0.2 (−0.6, 0.2) 0.31

SD, mmol/L 1.88 (1.73, 2.03) 2.22 (2.07, 2.37) −0.34 (−0.55, −0.12) 0.002

CV, % 24.0 (22.7, 25.2) 23.9 (22.6, 25.2) 0.1 (−1.7, −1.9) 0.94

Abbreviations: TIR, time in range; Tight TIR, tight time in range; TAR, time above range; TBR, time below range; HbA1c, glycated hemoglobin; SD, standard deviation; CV, coefficient of

variation.
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was also seen in 6-point SMBG profiles of a previous phase 3a study
(Shuai et al., 2021). The fluctuations of postprandial glucose are
more pronounced in Asian patients with T2DM, thus postprandial
glycemic control is particularly important for Asian patients with
T2DM (Lu, 2019). The GLP-1RAs improve both fasting and
postprandial glucose through multiple mechanisms, including
promoting insulin secretion, inhibiting glucagon secretion,
slowing gastric emptying, and reducing appetite (Shaefer et al.,
2015). Among these, slowing gastric emptying and reducing
appetite contribute to postprandial glycemic control (Triplitt and
Solis-Herrera, 2015; Lu, 2019).

Recent evidence has revealed the role of glycemic variability (as
measured by SD and CV) in the development of diabetes
complications (Rodbard, 2018; Umpierrez, , 2018). Glycemic
variability is an important consideration in evaluating the quality
of glycemic control. The SD level is moderately correlated with mean
glucose and almost unrelated to hypoglycemic risk (Rodbard, 2018).
In the present study, patients given PEG-Loxe showed significantly
lower SD than those given insulin glargine, reflecting mean glucose
compared with insulin glargine (7.8 mmol/L and 9.0 mmol/L,
respectively). The CV is highly correlated with hypoglycemia risk
(Rodbard, 2018). According to the International CGM Consensus
(2019), patients should strive for ≤36% of CV (Battelino et al., 2019).
In the present study, the CV were similar in the PEG-Loxe and
insulin glargine groups (24.0% and 23.9%, respectively), and both
met the recommendation of the International CGM Consensus
(2019). This is also consistent with the results of hypoglycemia
(as measured by TBR) in this study.

The onset of action of insulin glargine occurred 1 h after
subcutaneous administration (Rosskamp and Park, 1999). In an
unpublished phase one study, PEG-Loxe lowered blood glucose
levels in patients with T2DM 1 h after subcutaneous injection. In
this study, we explored the efficacy of PEG-Loxe and insulin
glargine in the initial stage of treatment (weeks 0–2). The results

showed similar efficacy between the two groups. This suggests
that PEG-Loxe is similar to insulin glargine and can take effect in
a short time.

One limitation of this study is the small sample size. Another
limitation is the open-label design, which might increase the risk of
bias. Large scale and longer duration studies are needed to further
validate the benefits of PEG-Loxe.

In conclusion, the addition of once-weekly GLP-1RA PEG-Loxe
to metformin was superior to insulin glargine in improving glycemic
control and glycemic variability evaluated by CGM in middle-aged
and elderly patients with T2DM.
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p-Value
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CV, % 21.9 (21.0, 22.9) 22.1 (21.2, 23.1) −0.22 (−1.6, 1.2) 0.76

Abbreviations: TIR, time in range; Tight TIR, tight time in range; TAR, time above range; TBR, time below range; SD, standard deviation; CV, coefficient of variation.

Frontiers in Pharmacology frontiersin.org07

Zhang et al. 10.3389/fphar.2023.1171399

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1171399


manuscript. KH reviewed the manuscript. All authors approved the
final version.

Funding

The study has been approved by Shantou Science and
Technology Support, China (No:200812225264260).

Acknowledgments

The authors would like to thank Chixiao Zhang (UIUC) for
assistance on statistical analyses.

Conflict of interest

Authors YD and YZ are employed by Jiangsu Hansoh
Pharmaceutical Group Co., Ltd.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1171399/
full#supplementary-material

References

Advani, A. (2020). Positioning time in range in diabetes management.Diabetologia 63
(2), 242–252. doi:10.1007/s00125-019-05027-0

Al Hayek, A. A., and Al Dawish, M. A. (2022). Evaluation of patient-reported
satisfaction and clinical efficacy of once-weekly semaglutide in patients with type
2 diabetes: An ambispective study. Adv. Ther. 39 (4), 1582–1595. doi:10.1007/s12325-
022-02053-0

Battelino, T., Danne, T., Bergenstal, R. M., Amiel, S. A., Beck, R., Biester, T., et al.
(2019). Clinical targets for continuous glucose monitoring data interpretation:
Recommendations from the international Consensus on time in range. Diabetes
Care 42 (8), 1593–1603. doi:10.2337/dci19-0028

Cai, H., Chen, Q., Duan, Y., Zhao, Y., and Zhang, X. (2023). Short-term effect of
polyethylene glycol loxenatide on weight loss in overweight or obese patients with
type 2 diabetes: An open-label, parallel-arm, randomized, metformin-controlled
trial. Front. Endocrinol. (Lausanne) 14, 1106868. doi:10.3389/fendo.2023.
1106868

Chen, F., He, L., Li, J., Yang, S., Zhang, B., Zhu, D., et al. (2022). Polyethylene
glycol loxenatide injection (GLP-1) protects vascular endothelial cell function in
middle-aged and elderly patients with type 2 diabetes by regulating gut microbiota.
Front. Mol. Biosci. 9, 879294. doi:10.3389/fmolb.2022.879294

Chen, X., Lv, X., Yang, G., Lu, D., Piao, C., Zhang, X., et al. (2017). Polyethylene glycol
loxenatide injections added to metformin effectively improve glycemic control and
exhibit favorable safety in type 2 diabetic patients. J. Diabetes 9 (2), 158–167. doi:10.
1111/1753-0407.12397

Gao, F., Lv, X., Mo, Z., Ma, J., Zhang, Q., Yang, G., et al. (2020). Efficacy and
safety of polyethylene glycol loxenatide as add-on to metformin in patients with
type 2 diabetes: A multicentre, randomized, double-blind, placebo-controlled,
phase 3b trial. Diabetes Obes. Metab. 22 (12), 2375–2383. doi:10.1111/dom.
14163

Gentilella, R., Pechtner, V., Corcos, A., and Consoli, A. (2019). Glucagon-like peptide-
1 receptor agonists in type 2 diabetes treatment: Are they all the same? Diabetes Metab.
Res. Rev. 35 (1), e3070. doi:10.1002/dmrr.3070

Goldenberg, R. M., Aroda, V. R., Billings, L. K., Christiansen, A. S. L., Meller
Donatsky, A., Parvaresh Rizi, E., et al. (2021). Effect of insulin degludec versus
insulin glargine U100 on time in range: SWITCH PRO, a crossover study of basal
insulin-treated adults with type 2 diabetes and risk factors for hypoglycaemia. Diabetes
Obes. Metab. 23 (11), 2572–2581. doi:10.1111/dom.14504

Hempe, J. M., and Hsia, D. S. (2022). Variation in the hemoglobin glycation index.
J. Diabetes Complicat. 36 (7), 108223. doi:10.1016/j.jdiacomp.2022.108223

Jendle, J., Testa, M. A., Martin, S., Jiang, H., and Milicevic, Z. (2016). Continuous
glucose monitoring in patients with type 2 diabetes treated with glucagon-like
peptide-1 receptor agonist dulaglutide in combination with prandial insulin lispro:
An AWARD-4 substudy. Diabetes Obes. Metab. 18 (10), 999–1005. doi:10.1111/
dom.12705

Jung, W., Yoon, J. M., Han, K., Kim, B., Hwang, S., Lim, D. H., et al. (2022).
Association between age-related macular degeneration and the risk of diabetes mellitus:
A nationwide cohort study. Biomedicines 10 (10), 2435. doi:10.3390/
biomedicines10102435

Kang, J. S., Deluca, P. P., and Lee, K. C. (2009). Emerging PEGylated drugs. Expert
Opin. Emerg. Drugs 14 (2), 363–380. doi:10.1517/14728210902907847

Khan, M. A. B., Hashim, M. J., King, J. K., Govender, R. D., Mustafa, H., and Al
Kaabi, J. (2020). Epidemiology of type 2 diabetes - global burden of disease and
forecasted trends. J. Epidemiol. Glob. Health 10 (1), 107–111. doi:10.2991/jegh.k.
191028.001

Lane, W., Weinrib, S., Rappaport, J., and Hale, C. (2014). The effect of addition of
liraglutide to high-dose intensive insulin therapy: A randomized prospective trial.
Diabetes Obes. Metab. 16 (9), 827–832. doi:10.1111/dom.12286

Lu, J. M. (2019). The role of glucagon-like peptide-1 receptor agonists in type
2 diabetes in asia. Adv. Ther. 36 (4), 798–805. doi:10.1007/s12325-019-00914-9

Pedrosa, M. R., Franco, D. R., Gieremek, H. W., Vidal, C. M., Bronzeri, F., de Cassia
Rocha, A., et al. (2022). GLP-1 agonist to treat obesity and prevent cardiovascular
disease: What have we achieved so far? Curr. Atheroscler. Rep. 24 (11), 867–884. doi:10.
1007/s11883-022-01062-2

Rodbard, D. (2018). Glucose variability: A review of clinical applications and research
developments. Diabetes Technol. Ther. 20 (S2), S25-S215–S215. doi:10.1089/dia.2018.
0092

Rosskamp, R. H., and Park, G. (1999). Long-acting insulin analogs. Diabetes Care 22
(2), B109–B113.

Rubin, D. B. (1987). Multiple imputation for nonresponse in surveys. New York, NY:
Wiley.

Shaefer, C. F., Jr., Kushner, P., and Aguilar, R. (2015). User’s guide to mechanism of
action and clinical use of GLP-1 receptor agonists. Postgrad. Med. 127 (8), 818–826.
doi:10.1080/00325481.2015.1090295

Shuai, Y., Yang, G., Zhang, Q., Li, W., Luo, Y., Ma, J., et al. (2021). Efficacy and safety
of polyethylene glycol loxenatide monotherapy in type 2 diabetes patients: A
multicentre, randomized, double-blind, placebo-controlled phase 3a clinical trial.
Diabetes Obes. Metab. 23 (1), 116–124. doi:10.1111/dom.14198

Society, C. D. (2021). Guideline for the prevention and treatment of type 2 diabetes
mellitus in China (2020 edition). Chin. J. Diabetes Mellit. 13 (4), 315–409. doi:10.3760/
cma.j.cn115791-20210221-00095

Sofizadeh, S., Imberg, H., Olafsdottir, A. F., Ekelund, M., Dahlqvist, S., Hirsch, I., et al.
(2019). Effect of liraglutide on times in glycaemic ranges as assessed by CGM for type
2 diabetes patients treated with multiple daily insulin injections. Diabetes Ther. 10 (6),
2115–2130. doi:10.1007/s13300-019-00692-1

Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., Duncan, B. B., et al.
(2021). IDF diabetes Atlas: Global, regional and country-level diabetes prevalence

Frontiers in Pharmacology frontiersin.org08

Zhang et al. 10.3389/fphar.2023.1171399

https://www.frontiersin.org/articles/10.3389/fphar.2023.1171399/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2023.1171399/full#supplementary-material
https://doi.org/10.1007/s00125-019-05027-0
https://doi.org/10.1007/s12325-022-02053-0
https://doi.org/10.1007/s12325-022-02053-0
https://doi.org/10.2337/dci19-0028
https://doi.org/10.3389/fendo.2023.1106868
https://doi.org/10.3389/fendo.2023.1106868
https://doi.org/10.3389/fmolb.2022.879294
https://doi.org/10.1111/1753-0407.12397
https://doi.org/10.1111/1753-0407.12397
https://doi.org/10.1111/dom.14163
https://doi.org/10.1111/dom.14163
https://doi.org/10.1002/dmrr.3070
https://doi.org/10.1111/dom.14504
https://doi.org/10.1016/j.jdiacomp.2022.108223
https://doi.org/10.1111/dom.12705
https://doi.org/10.1111/dom.12705
https://doi.org/10.3390/biomedicines10102435
https://doi.org/10.3390/biomedicines10102435
https://doi.org/10.1517/14728210902907847
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1111/dom.12286
https://doi.org/10.1007/s12325-019-00914-9
https://doi.org/10.1007/s11883-022-01062-2
https://doi.org/10.1007/s11883-022-01062-2
https://doi.org/10.1089/dia.2018.0092
https://doi.org/10.1089/dia.2018.0092
https://doi.org/10.1080/00325481.2015.1090295
https://doi.org/10.1111/dom.14198
https://doi.org/10.3760/cma.j.cn115791-20210221-00095
https://doi.org/10.3760/cma.j.cn115791-20210221-00095
https://doi.org/10.1007/s13300-019-00692-1
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1171399


estimates for 2021 and projections for 2045. Diabetes Res. Clin. Pract. 183, 109119.
doi:10.1016/j.diabres.2021.109119

Tinajero, M. G., and Malik, V. S. (2021). An update on the epidemiology of type
2 diabetes: A global perspective. Endocrinol. Metab. Clin. North Am. 50 (3), 337–355.
doi:10.1016/j.ecl.2021.05.013

Triplitt, C., and Solis-Herrera, C. (2015). GLP-1 receptor agonists: Practical
considerations for clinical practice. Diabetes Educ. 41 (1), 32S-46S–46S. doi:10.1177/
0145721715607981

Umpierrez, G. E., and Kovatchev, B. P. (2018). Glycemic variability: How to measure
and its clinical implication for type 2 diabetes. Am. J. Med. Sci. 356 (6), 518–527. doi:10.
1016/j.amjms.2018.09.010

Wang, J., Li, H. Q., Xu, X. H., Kong, X. C., Sun, R., Jing, T., et al. (2019). The effects of
once-weekly dulaglutide and insulin glargine on glucose fluctuation in poorly oral-
antidiabetic controlled patients with type 2 diabetes mellitus. Biomed. Res. Int. 2019,
2682657. doi:10.1155/2019/2682657

Yang, G. R., Zhao, X. L., Jin, F., Shi, L. H., and Yang, J. K. (2015). Pharmacokinetics
and pharmacodynamics of a polyethylene glycol (PEG)-conjugated GLP-receptor
agonist once weekly in Chinese patients with type 2 diabetes. J. Clin. Pharmacol. 55
(2), 152–158. doi:10.1002/jcph.386

Yoo, J. H., and Kim, J. H. (2020). Time in range from continuous glucose monitoring:
A novel metric for glycemic control. Diabetes Metab. J. 44 (6), 828–839. doi:10.4093/
dmj.2020.0257

Frontiers in Pharmacology frontiersin.org09

Zhang et al. 10.3389/fphar.2023.1171399

https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.ecl.2021.05.013
https://doi.org/10.1177/0145721715607981
https://doi.org/10.1177/0145721715607981
https://doi.org/10.1016/j.amjms.2018.09.010
https://doi.org/10.1016/j.amjms.2018.09.010
https://doi.org/10.1155/2019/2682657
https://doi.org/10.1002/jcph.386
https://doi.org/10.4093/dmj.2020.0257
https://doi.org/10.4093/dmj.2020.0257
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1171399

	Efficacy of polyethylene glycol loxenatide versus insulin glargine on glycemic control in patients with type 2 diabetes: a  ...
	1 Introduction
	2 Materials and methods
	2.1 Trial design and participants
	2.2 Randomization and masking
	2.3 Procedures
	2.4 Endpoints
	2.6 Statistical analyses

	3 Results
	3.1 Primary endpoints
	3.2 Secondary endpoints
	3.3 Exploratory endpoints
	3.4 Safety

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


