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Abstract

BACKGROUND

There is a lack of clinical evidence on the efficacy and safety of transitioning from
a thrice-daily pre-mixed insulin or basal-prandial regimen to insulin deglu-
dec/aspart (IDegAsp) therapy, with insufficient data from the Chinese popu-
lation.

AIM
To demonstrate the efficacy, safety, and treatment satisfaction associated with the
transition to IDegAsp in type 2 diabetes mellitus (T2DM).

METHODS

In this 12-week open-label, non-randomized, single-center, pilot study, patients
with T2DM receiving thrice-daily insulin or intensive insulin treatment were
transitioned to twice-daily injections of insulin IDegAsp. Insulin doses, hemoglo-
bin Alc (HbA1lc) levels, fasting blood glucose (FBG), hypoglycemic events, a Dia-
betes Treatment Satisfaction Questionnaire, and other parameters were assessed
at baseline and 12-weeks.
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RESULTS

This study included 21 participants. A marked enhancement was observed in the FBG level (P = 0.02), daily total
insulin dose (P = 0.03), and overall diabetes treatment satisfaction (P < 0.01) in the participants who switched to
IDegAsp. There was a decrease in HbAlc levels (7.6 + 1.1 vs 7.4 £ 0.9, P = 0.31) and the frequency of hypoglycemic
events of those who switched to IDegAsp decreased, however, there was no statistically significant difference.

CONCLUSION
The present findings suggest that treatment with IDegAsp enhances clinical outcomes, particularly FBG levels,
daily cumulative insulin dose, and overall satisfaction with diabetes treatment.

Key Words: Insulin degludec/aspart; Type 2 diabetes management; Basal-bolus insulin therapy; Pre-mixed insulin; Diabetes
treatment satisfaction questionnaire

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study aimed to prospectively assess the efficacy, safety, and treatment satisfaction of switching from thrice-
daily pre-mixed insulin or basal-bolus insulin to a twice-daily insulin degludec/aspart (IDegAsp) regimen in Chinese patients
with type 2 diabetes mellitus. The results demonstrated significant improvements in fasting blood glucose levels, reduction
in total insulin dosage, and enhanced patient satisfaction. These findings suggest that IDegAsp simplifies insulin therapy
while maintaining effective glycemic control, thereby offering a promising alternative for optimizing diabetes management
in this population.

Citation: Yang N, Lv L, Han SM, He LY, Li ZY, Yang YC, Ping F, Xu LL, Li W, Zhang HB, Li YX. Efficacy, safety and treatment
satisfaction of transition to a regimen of insulin degludec/aspart: A pilot study. World J Diabetes 2025; 16(1): 95209

URL: https://www.wjgnet.com/1948-9358/full/v16/i1/95209.htm

DOI: https://dx.doi.org/10.4239/wjd.v16.i1.95209

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is an intricate and progressive disease that affects > 90% of the population with diabetes
mellitus[1]. A substantial number of individuals require insulin therapy to effectively manage glycemic levels[2]. Basal
insulin products have a prolonged release profile, and play a role in supplying a steady insulin level throughout the day,
contributing to improved fasting blood glucose (FBG)[3]. Rapid-acting insulin formulations (also called bolus insulin) are
used to counteract increases in blood glucose levels following meals[4]. The adoption of basal-bolus regimens, involving
the separate administration of basal and bolus insulin[5], increases the treatment burden and inconvenience for
individuals, potentially reducing medication adherence[6]. To address these challenges, pre-mixed insulin provides an
established proportion of slow-release (protamine-bound) and rapid acting (unbound) insulin combined in a single
administration[7]. Despite these advantages, pre-mixed insulin formulations have limitations, including the reliance on
correct resuspension for accurate dosing[8], elevated glycemic variability[9], and an extended peak effect that may
excessively lower glucose levels[10].

In recent years, products have been formulated at a set ratio that combines the two glucose-lowering agents[11].
Although administered as a combined formulation, these products preserve their individual kinetic and dynamic
properties related to drug action and metabolism[12,13]. Insulin degludec/aspart (IDegAsp) is a combined formulation
consisting of 70%IDeg for long-acting basal regulation and 30% insulin aspart (IAsp) for a quick response[14]. When
administered with meals, IDegAsp provides both basal and prandial insulin coverage[15]. Administered through a pre-
loaded pen, IDegAsp simplifies usage by eliminating the need for mixing[10]. Compared with pre-mixed insulin
regimens, IDegAsp closely mimics physiological insulin secretion patterns, potentially reducing the injection burden for
patients compared with basal-bolus insulin regimens[2,5,12,14]. Additionally, a study in Chinese patients with T2DM
suggests that, with favorable blood glucose control, basal insulin accounts for 66.7% + 6.8% of the total daily insulin[16],
which is similar to the proportion of IDeg included in IDegAsp. However, there is a lack of clinical evidence on the
efficacy and safety of transitioning to IDegAsp therapy from a thrice-daily pre-mixed insulin or basal-prandial regimen,
and there is insufficient data in the Chinese population.

In addition to achieving blood glucose control, higher levels of treatment satisfaction are understood to significantly
improve adherence[17]. Enhanced adherence can positively affect glycemic control and potentially alleviate diabetes
distress[18]. The globally recognized Diabetes Treatment Satisfaction Questionnaire (status version) (DTSQs), an
instrument for patient-reported outcomes, evaluates patient satisfaction with diabetes management[19]. This
questionnaire has received official approval from the World Health Organization (WHO) and International Diabetes
Federation (IDF)[20].
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This is the first prospective study, to the best of our knowledge, to demonstrate the efficacy, safety, and treatment
satisfaction associated with the transition from three-times-daily pre-mixed insulin or basal-bolus insulin to a twice-daily
IDegAsp co-formulation in Chinese patients diagnosed with T2DM.

MATERIALS AND METHODS
Study design

This was a 12-week, open-label, non-randomized, single-center, pilot study in participants with T2DM switching from
three-times-daily pre-mixed insulin or basal-bolus insulin therapy to a twice-daily regimen of IDegAsp. The screening
process began in September 2020 and concluded with full recruitment by September 2022. Ethical approval for this study
was obtained from the relevant Ethics Committee of Peking Union Medical College Hospital (approval number HS-2449).
The study adhered to the ethical principles outlined in the Declaration of Helsinki.

Participants

Every participant provided written agreement prior to any research activity, with the study team verifying eligibility at
initial screening. The inclusion criteria were as follows: (1) Patients aged > 18 years with T2DM,; (2) T2DM diagnosis for >
6 months; (3) Treatment with pre-mixed insulin three times daily or a combination of basal and prandial insulin, with or
without oral antidiabetic drugs (OADs), for a minimum of 12 weeks. OADs include metformin, alpha-glucosidase
inhibitors, DPP-4 inhibitors, and SGLT2 inhibitors. Basal insulin comprises long-acting insulin analogs, such as glargine,
detemir, neutral protamine Hagedorn, and IDeg. Prandial insulin includes rapid-acting or short-acting insulin, such as
lispro, IAsp, regular human insulin, and recombinant insulin analogs (IAsp, insulin lispro). Pre-mixed insulin
formulations include: 30/50 mixed IAsp and 25/50 mixed injectable suspension of recombinant insulin lispro with
protamine and recombinant IAsp with protamine; and (4) Body mass index (BMI) < 35 kg/m?2.

Patients meeting any of the following conditions were excluded from the study: (1) Insulin allergy; (2) Total daily
insulin dose > 100 U/day; (3) Prior use of medications that may interfere with glucose metabolism; (4) Pregnancy,
lactation, or women planning pregnancy; (5) History of acute or chronic infections, or a history of tumors; (6) History of
cardiovascular events within the past 3 months, including stroke, decompensated heart failure (NYHA III or IV),
myocardial infarction, coronary artery bypass grafting, or vascular angioplasty; (7) Untreated or uncontrolled severe
hypertension, defined as systolic blood pressure > 180 mmHg and/or diastolic blood pressure = 100 mmHg; (8) Severe
liver or kidney dysfunction; (9) Recurrent severe hypoglycemic episodes, hypoglycemic coma, or hospitalization owing to
diabetic ketoacidosis within the past 3 months; and (10) Presence of mental or psychological disorders, or alcohol
dependence, that might interfere with study compliance.

Study procedures

Consented eligible patients participated in the screening phase, where baseline evaluations were conducted: Hemoglobin
Alc (HbAlc) assessment via high-performance liquid chromatography, demographics (date of birth, sex), medical history,
alcohol consumption, smoking, concomitant medications, occurrence of hypoglycemia, and measurements of weight,
height, blood pressure, heart rate, waist circumference, hip circumference, and physical examination of insulin injection
sites.

Blood samples were assayed, and data including the DTSQs and other relevant information were collected at both
baseline and the 12" week after transitioning to the IDegAsp regimen. The insulin dosage was calibrated as follows: The
starting quantity of IDegAsp was equivalent to the preceding dose and partitioned into two identical subcutaneous
injections. Dosage adjustments were then made in response to pre-prandial self-monitoring blood glucose (SMBG) levels,
with the objective of achieving blood sugar levels within the range 4.4-7.2 mmol/L. If necessary, IAsp could be added
before lunch. All additional pre-existing medications were maintained at unchanged doses throughout the study period.
An episode of hypoglycemia was recorded when SMBG levels were < 3.9 mmol/L or when external aid was necessary.

Endpoints and assessments

The primary endpoint was the change in HbAlc levels at 12 weeks of treatment relative to baseline. Secondary endpoints
were the change from baseline in fasting plasma glucose (FPG), insulin dose, and incidence of adverse reactions, notably
hypoglycemia. Patient satisfaction with treatment, also a secondary endpoint, was measured using the translated Chinese
version of the DTSQs.

The DTSQs consists of eight distinct items[19,20]. An aggregate of six queries evaluates overall treatment satisfaction,
including aspects of satisfaction with current treatment, convenience, flexibility, understanding of diabetes,
recommendation of treatment to others, and willingness to continue. Rated on a scale of 0 (“very dissatisfied”) to 6 (“very
satisfied”), the scores of these questions reflect the degree of patient satisfaction. Cumulative scoring generated a
combined index of treatment satisfaction ranging 0-36, where higher scores denote increased satisfaction. The second and
third items of the DTSQs specifically gauge the perceived regularity of excessively high and low blood glucose levels,
with a scoring bandwidth from 0 (none of the time) to 6 (most of the time).

Statistical analyses

Descriptive statistical techniques included the calculation of percentages and mean values with their corresponding SD,
and these were used to provide the basic features of the data, according to the evaluation of distribution for normality. A
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paired-sample t-test or Wilcoxon signed-rank test was used for normally distributed continuous variables of baseline and
follow-up parameters. Statistical significance was set at P < 0.05. Data analysis was conducted using the IBM SPSS
software (version 26.1, IBMCorp, 2019, Armonk, NY, United States).

RESULTS

Twenty-six participants consented to participate in this initial investigation, and 21 participants completed the study. Five
subjects voluntarily withdrew from the study owing to incomplete follow-up. Table 1 presents the baseline demographics
and clinical characteristics of participants. The study group included 8 men and 13 women, having a mean age of 59.1 *
12.6 years. A total of 47.6% of the participants had a T2DM duration of 5-10 years. An insulin therapy duration of <5
years was noted in 47.6% of the patients. Eight patients exhibited diabetic retinopathy and 11 presented with diabetic
nephropathy.

By week 12, there was a decrease in HbAlc levels in those who switched to IDegAsp, however, this was not statist-
ically significant (7.6% *1.1% vs 7.4% + 0.9%, P = 0.31) (Table 2). There is a significant decrease in FBG (10.4 + 3.7 vs 7.9
2.5 mmol/L, P = 0.02), along with a notable reduction in insulin dosage (53.3 £ 25.9 vs 43.3 £ 18.1 units, P = 0.03) (Table 2).
There appeared to be a decreasing trend in the frequency of hypoglycemic events; however, this was not statistically
significant (P = 0.07) (Table 2). Switching to IDegAsp significantly reduced the number of injections (3.95 + 0.2 vs 2.1 + 0.3,
P <0.01) (Table 2). Prior to the transition, 1 patient received three-times-daily pre-mixed insulin, and 20 patients received
basal-bolus insulin (four total injections/day) (Table 1). After 12 weeks, 2 patients received insulin injections three times
daily (twice-daily IDegAsp and once-daily as part), and 19 patients received twice-daily IDegAsp.

At week 12, the participants exhibited a statistically significant increase in scores for the following DTSQs items
compared with baseline: Satisfaction with current treatment (P = 0.01), convenience (P < 0.01), willingness to continue (P
< 0.01), understanding of diabetes (P = 0.02), and recommendation of treatment to others (P = 0.01) (Table 3). By the 12th
week, participants demonstrated a marked and statistically significant elevation in their assessment of overall treatment
satisfaction when compared with baseline (23.1 + 5.4 vs 31.0 + 5.8, P < 0.01) (Table 3). A considerable decrease in the
reported incidence of unacceptable hyperglycemia was noted (P = 0.03) (Table 3), whereas there was no significant
change in the perceived frequency of unacceptable hypoglycemia (P = 0.11).

No significant differences were detected in relation to alterations in fasting C-peptide, liver function (alanine transa-
minase and aspartate aminotransferase), renal function (creatinine), or lipid concentrations (total cholesterol, trigly-
cerides, and low-density lipoprotein-cholesterol) between baseline and 12 weeks (Figure 1).

DISCUSSION

This 12-week, open-label, non-randomized, single-center, pilot study revealed significant improvements in FBG, daily
total insulin dose, and overall diabetes treatment satisfaction with a switch to the IDegAsp co-formulation from three-
times-daily pre-mixed insulin or basal-bolus insulin in patients with T2DM. Additionally, a declining trend was noted in
both HbA1lc levels and the rate of hypoglycemic events.

This study showed a significant improvement in FBG control upon transitioning to IDegAsp, with a reduction in
HbAlc compared to baseline, although the latter did not achieve statistical significance, aligning with findings from
previous studies. A meta-analysis encompassing eight studies comparing twice-daily IDegAsp to twice-daily traditional
pre-mixed insulin[10,14,21-26] showed a significant reduction in HbAlc levels for both regimens, yet the difference
between the groups did not reach statistical significance. Twice-daily IDegAsp exhibited a significant reduction in FBG
levels compared to twice-daily traditional pre-mixed insulin treatment. The observed glycemic reduction, as indicated by
FBG levels, was primarily owing to the prolonged action of IDeg present in IDegAsp[2]. A recent meta showed that
compared with BIAsp30, IDegAsp could significantly reduce FPG levels, insulin dosage, and the risk of nocturnal
hypoglycemic events in T2D patients, without increasing the overall risk of adverse events[27]. Earlier studies have
highlighted the advantages of twice-daily regimens using long-acting insulin for better glycemic management over other
methods[28,29]. For instance, transitioning from a single daily injection to a twice-daily dose of insulin glargine has been
shown to enhance blood glucose regulation in patients with inadequate diabetes control[29]. When examining studies
comparing basal-bolus insulin therapy with twice-daily IDegAsp injections, some revealed no difference in HbAlc
between the two groups[30,31], whereas others demonstrated a significant improvement in HbA1c[5,32]. To our
knowledge, this is the first investigation of the transition from three-times-daily pre-mixed insulin or basal-bolus insulin
to IDegAsp in a Chinese population, which found an improvement in blood glucose control, fewer daily injections, and
no increased susceptibility to hypoglycemia. A previous study showed that the proportional demand for basal insulin in
Chinese patients with T2DM also changed. Recent studies suggest that, with favorable blood glucose control, basal
insulin accounts for 66.7% + 6.8% of total daily insulin[16], which is similar to the proportion of IDec included in
IDegAsp. Therefore, the use of IDegAsp may reduce the number of injections while providing effective blood glucose
control in Chinese patients with T2DM. Although the changes in HbAlc levels were not statistically significant, it is
important to note that this study is a preliminary evaluation. However, the emergence of the new drug iGlarLixi appears
to provide more options for patients with T2DM. A study showed that in Chinese people with T2D suboptimally
controlled with OADs, once-daily iGlarLixi provided better glycaemic control with BW benefit and lower hypoglycemia
event rates vs IDegAsp[33]. Larger-scale and longer-term studies are warranted to confirm these findings.
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Table 1 Baseline characteristics of the participants, n (%)/mean * SD

Characteristic Patients (n=21)
Age (year) 59.1+126
Male, No. patients 8 (38.1)
BMI (kg/m?) 245435
WC (cm) 90.9+9.6
WHR 09+0.1
SBP (mmHg) 126.1+18.7
DBP (mmHg) 74.8 £8.0
HR (bpm) 79.9+11.8
Smoking, No. patients 5(23.8)
Alcohol drinking, No. patients 4 (19.0)
Duration of diabetes (year)

<10 3 (14.3)
10-20 10 (47.6)
>20 8 (38.1)
Baseline insulin regimen, No. patients

Three times-daily premixed insulin 1(4.8)
Basal-bolus insulin 20 (95.2)
Duration of insulin therapy (year)

<5 9 (42.9)
5-10 6 (28.6)
>10 6 (28.6)
Oral antidiabetic medicine, No. patients

Metformin 8 (38.1)
a-Glucosidase inhibitor 8(38.1)
DPP-4 inhibitor 4 (19.0)
SGLT?2 inhibitor 5(23.8)
Complications, No. patients

Retinopathy 8 (38.1)
Nephropathy 11 (52.4)
Comorbidity, No. patients

CVD 4 (19.0)
Stroke 2(9.5)

WHR: Waist-to-hip ratio; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; CVD: Cardiovascular disease.

Our investigation revealed a decrease in the number of daily injections administered once participants had transitioned
to IDegAsp. The implications of reducing the number of insulin injections for clinical practice and patients are
noteworthy. This shift may address certain barriers to insulin intensification and reduce clinical inertia. Additionally, the
more manageable insulin regimen could boost patient confidence and adherence to treatment. Furthermore, our study
revealed a reduction in the total insulin dosage with IDegAsp. Previous studies have consistently demonstrated that the
daily insulin dose of once-daily IDegAsp is either lower than[34,35] that of basal insulin or comparable to[36-38] it. Real-
world data shows that patients in the IDegAsp group received a significantly lower mean daily dose than patients in the
basal-bolus or pre-mixed insulin groups[5,14,31]. These reductions may translate into fewer adverse events.

Our research revealed a decreasing trend in the occurrence of hypoglycemic events by the 12" week from baseline,
although the difference was not statistically significant. The occurrence of hypoglycemic episodes poses a significant
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Table 2 Comparison of blood glucose control, insulin dosage, and hypoglycemic events, n (%)/mean * SD

Characteristic Baseline At 12 weeks P value
HbA1c (%) 76+1.1 74+09 0.31
FBG (mmol/L) 104 £3.7 79+25 0.02
Insulin dose, unit 533+259 433+181 0.03
Number of injections 3.95+0.2 21+03 <0.01
Hypoglycemic events, n times per month 0.07

0 6 (28.6) 10 (47.6)

1-2 9 (42.9) 8 (38.1)

3-5 2(9.5) 1(4.8)

>5 4 (19.0) 2(9.5)

FBG: Fasting blood glucose; HbAlc: Hemoglobin Alc.

Table 3 Comparison of diabetes treatment satisfaction questionnaire, n (%)/mean * SD'

Question Baseline At 12 weeks P value
Satisfaction with current treatment 40£13 5409 0.01

The occurrence rate of unacceptable hyperglycemia 21+£17 08+15 0.03
The occurrence rate of unacceptable hypoglycemia 15+18 07+13 0.11
Convenience 3.6+15 5.4 +0.08 <0.01
Flexibility 46+13 50+1.1 0.12
Understanding of diabetes 43+1.0 50+1.1 0.02
Recommend treatment to others 31+138 50+1.8 0.01
Willingness to continue 3.6+1.6 53+1.0 <0.01
Opverall treatment satisfaction 231+54 31.0£538 <0.01

IThe aggregate score for treatment satisfaction is calculated by totaling the scores for item 1 and items 4 to 8 of the Diabetes Treatment Satisfaction

Questionnaire.

challenge to achieving optimal metabolic control, especially in individuals with insulin-treated T2DM. Prior investig-
ations have demonstrated that relative to traditional pre-mixed insulin, twice-daily IDegAsp demonstrates a similar
overall hypoglycemic profile, yet with a notably lower incidence of nocturnal hypoglycemia[39]. Prolonged basal insulin
release from IDeg contributes to a reduced risk of hypoglycemia, enhancing the safety profile of IDegAsp[28,40-43]. Real-
world evidence from Turkey aligns with our findings, illustrating a significant reduction in hypoglycemic events after
transitioning from pre-mixed and intensive insulin to the twice-daily IDegAsp co-formulation in patients with T2DM
over a 12-week period[14]. Our study also implies, to some extent, that the shift to IDegAsp did not lead to an increase in
the occurrence of hypoglycemic events, instead demonstrating a declining trend.

The DTSQs, validated and officially endorsed by the WHO and IDF, has been translated into over 100 Languages and
is utilized in many countries[44]. In our study, despite the relatively modest sample size, we observed a high satisfaction
score, measuring 31.0 £ 5.8 out of 36. This score represents a significant improvement from the baseline score of 23.1 + 5.4.
Moreover, the participants rated the IDegAsp regimen highly on convenience. Importantly, they were more inclined to
recommend this regimen to others and expressed a greater willingness to continue with the treatment.

This study represents the first prospective investigation of the effectiveness and safety of transitioning from three-
times-daily pre-mixed or basal-bolus insulin to twice-daily IDegAsp in a Chinese population. However, this study has
some limitations. Given the open-label nature of this study, the possibility of observer bias and extraneous variables
influencing the data cannot be excluded. Another limitation relates to the small sample size. Considering the abbreviated
duration of the intervention, further long-term follow-up is necessary to ascertain enduring efficacy.
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Figure 1 Comparison of biochemical characteristics. FCP: Fasting c-peptide; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TC: Total
cholesterol; TG: Triglycerides; LDL-C: Low-density lipoprotein cholesterol.

CONCLUSION

In conclusion, lower FBG levels, a reduction in overall insulin dosage, and higher diabetes treatment satisfaction were
revealed following transition from three-times-daily pre-mixed insulin or basal-bolus insulin to twice-daily IDegAsp.
IDegAsp therapy has the potential to aid diverse patient populations, and future research is warranted to explore its full
spectrum of benefits.
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