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Aim: Insulin titration often faces inertia, hindering glycemic control. A patient-centered approach empowers patients to overcome this 
inertia. This study aims to compare the effectiveness of patient-preferred and guideline-recommended self-titration algorithms in 
achieving glycemic targets and improving adherence.
Methods: Outpatients with type 2 diabetes (T2D) who did not respond to oral antihyperglycemic drugs (OAD) were assessed. They 
were randomly assigned to patient-preferred and guideline-recommended groups. In the patient-preferred group, individuals selected 
an algorithm to self-adjust their insulin glargine dosage by 2 units every 3 days if the mean fasting blood glucose (FBG) over the past 3 
consecutive days was ≥7.0 mmol/L, or by 1 unit daily if the FBG on the same day was ≥7.0 mmol/L. In the guideline-recommended 
group, insulin glargine was titrated by 2 units every 3 days if the mean FBG over the past 3 consecutive days was ≥7.0 mmol/L. The 
FBG target was set below <7.0 mmol/L.
Results: Thirty-nine participants in the patient-preferred group and 42 in the guideline-recommended group completed the study. The 
cumulative rates of achieving the FBG target in the patient-preferred group compared to the guideline-recommended group were 
69.2% vs 54.8% (χ²=1.792, p=0.181) in week 1, 89.7% vs 73.8% (χ²=3.403, p = 0.065) in week 2, 94.9% vs 76.2% (χ²=17.638, 
p=0.000) in week 3, and 100.0% vs 88.1% (χ²=4.405, p=0.036) in week 4. Adherence rates were significantly higher in the patient- 
preferred group (97.4%, 37/38) compared to the guideline-recommended group (66.7%, 28/42) (χ²=12.688, p=0.000). Insulin glargine 
dosage at FBG target achievement was 21.2±4.3 U in the patient-preferred group and 18.8±6.7 U in the guideline-recommended group 
(t=1.888, p=0.063). Hypoglycemia was reported in 1 patient in the guideline-recommended group, with no instances in the patient- 
preferred group.
Conclusion: The patient-preferred self-titration algorithm demonstrates a higher rate of reaching glucose targets and improved 
adherence.
Trial Registration Number: ChiCTR2100050805.
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Introduction
Type 2 diabetes (T2D) is a progressive condition, necessitating insulin therapy to achieve glucose targets for many 
patients, despite the array of available antidiabetic treatments.1
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Basal insulin, when added to metformin and other oral agents, serves as a convenient initial regimen.1 Once instituted, 
titration becomes pivotal for attaining desired glucose levels.2

The evolution of insulin titration can be categorized into two phases. Prior to the 1980s, physicians predominantly 
handled insulin titration for most patients. However, initiating insulin often required frequent contact with healthcare 
providers, which proved challenging due to resource constraints.3 Notably, reports such as UKPDS 33 and 34 indicated 
insulin dose adjustments only every three months.4,5

The 1990s ushered in the era of self-titration of insulin through self-monitoring of blood glucose (SMBG), enhancing 
the maintenance of glycemic control.6,7 The introduction of long-acting insulins, safer than NPH insulin, prompted 
numerous randomized controlled trials involving glargine and detemir, which demonstrated non-inferiority or superiority 
of patient-titrated insulin algorithms compared to standard care for glycemic control in T2D.8–12 The 2018 ADA 
Standards of Medical Care in Diabetes recommended insulin self-titration, suggesting 2–4 units once or twice weekly.13

Trials such as ATLAS, AT.LANTUS, and ATAS employed insulin self-titration algorithms entailing increments of 2 
or 4 units of glargine every three days.8–10 Subsequently, starting in 2019, both ADA, EASD consensus, and AACE 
recommended titrating basal insulin by 2 units every three days.14,15

Interestingly, our prior survey revealed that patient-preferred insulin titration algorithms diverge from the ADA, 
EASD, and AACE recommended methods.16 Only 9.1% of patients favored titrating by 2 units every three days, while 
90.9% preferred 1 unit daily. This discrepancy implies that the ADA and EASD endorsed self-titration approaches are 
incongruent with their emphasis on patient-centered care, which involves involving patients in medical decisions to 
overcome barriers and improve therapy adherence.17

Now that patient-preferred algorithm is different from that of ADA/EASD-recommended, a head-to-head comparison 
of the two algorithms is urgently needed. Our present study aims to objectively compare these divergent approaches 
which will provide evidence for guideline recommendation.

Methods
Participants
This multicenter, randomized, controlled prospective study adhered to the principles of the Declaration of Helsinki. 
Approval was granted by the institutional ethics committees of the Third Affiliated Hospital of Southern Medical 
University, as well as the academic ethics review boards of the Second, Fourth, and Fifth Affiliated Hospitals of 
Guangzhou Medical University. From January 2021 to June 2023, written informed consent was obtained from all 
participants before their engagement in the study.

Inclusion/Exclusion Criteria
Inclusion criteria encompassed outpatients with T2D who exhibited failure with oral antihyperglycemic drugs (OAD) 
(HbA1c ≥7.0% and fasting blood glucose [FBG] ≥7.0 mmol/L). The age range for inclusion was 18 to 75 years. 
Exclusion criteria included noncompliance with daily FBG measurement, alanine aminotransferase and aspartate 
aminotransferase levels exceeding three times the upper normal limit, serum creatinine levels ≥130 μmol/L, pregnancy, 
or utilization of medications known to disrupt glucose control.

Randomization
Utilizing SPSS V.19.0, randomization codes were generated by computer software. Patients were randomly allocated in 
a 1:1 ratio to either of the two algorithms across the four medical centers.

Insulin Initiation and Titration
Education concerning FBG monitoring and insulin administration was provided in accordance with the local practices of 
each hospital. All patients were instructed to commence insulin glargine (Lantus®; Aventis Pharma, Strasbourg, France) 
at an initial dose of 0.2 U/kg and to administer it consistently in the evening (between 21:00 and 22:00 h).
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Patients were equipped with insulin titration algorithms. Those assigned to the guideline-recommended group self- 
titrated their basal insulin by 2 units every three days if the mean FBG over the preceding 3 consecutive days was ≥7.0 
mmol/L. Conversely, subjects designated to the patient-preferred group were granted the option to select one of two 
insulin titration algorithms: first, self-titration of basal insulin by 2 units every three days if the mean FBG over the 
previous 3 consecutive days was ≥7.0 mmol/L; second, self-titration of basal insulin by 1 unit daily if the FBG on the 
same day was ≥7.0 mmol/L. The target FBG was set below <7.0 mmol/L.

Outcome
The primary outcome of this study was to assess the divergence in the rate at which both groups achieved FBG levels 
<7.0 mmol/L. A patient was deemed to have attained the efficacy target when their FBG levels were consistently below 
<7.0 mmol/L for three consecutive days. The initial day of this three-day span was logged as the date of meeting the 
glucose target, thereby marking the conclusion of the patient’s participation in the study.

The secondary outcome included evaluating the adherence of the two groups. Safety assessment involved scrutinizing 
the percentage of patients encountering hypoglycemic incidents during the study period. Hypoglycemic episodes were 
defined as instances characterized by hypoglycemia-related symptoms accompanied by a documented blood glucose level 
below <3.9 mmol/L. For severe hypoglycemia, the definition encompassed incidents in which hypoglycemia symptoms 
necessitated external assistance from another individual.

Statistical Analyses
Significance was ascribed to a difference exceeding one week in the time required for the two groups to reach their 
respective blood glucose targets. Assuming a notable difference in FBG, a significance level (α) of 0.05%, and an 80% 
statistical power, a total of 76 patients per group were determined to be needed, considering a 20% dropout rate. The 
intended recruitment was set at 100 patients overall.

Pearson’s χ²-test or Student’s t-test was employed to assess the significance of disparities between the patient- 
preferred and guideline-recommended groups. Findings were presented as mean ± standard deviation (SD). Statistical 
computations were performed using IBM Corporation’s SPSS Statistical Software 19.0. The chosen threshold for 
statistical significance was α=0.05.

Results
Figure 1 illustrates the study’s progression. Between January 2021 and June 2023, a total of 121 patients with OAD 
treatment failure were subjected to screening. Among these, 100 expressed willingness to commence and self-adjust 
insulin therapy, leading to their inclusion in the study. These participants were then randomly and equally allocated to 
either the patient-preferred or guideline-recommended groups.

Of the 39 patients who successfully completed the patient-preferred regimen, 35 selected the algorithm involving 
daily titration of 1 unit, while the remaining 4 opted for the algorithm involving titration of 2 units every 3 days.

Baseline demographic and clinical attributes of participants were comparably distributed across the treatment groups, 
as detailed in Table 1.

Difference of Rate of Reaching Glucose Target
The cumulative rates of reaching the FBG target in the patient-preferred group compared to the guideline-recommended 
group were as follows: in week 1, 69.2% vs 54.8% (χ²=1.792, p=0.181); in week 2, 89.7% vs 73.8% (χ²=3.403, p = 0.065); in 
week 3, 94.9% vs 76.2% (χ²=17.638, p=0.000); and in week 4, 100.0% vs 88.1% (χ²=4.405, p=0.036) (Figure 2).

The actual mean FBG of each week in the patient-preferred group compared to the guideline-recommended group 
were as follows: in week 1, 10.8±1.7 vs 11.1±1.9 (t=1.644, p=0.104); in week 2, 9.3±1.0 vs 9.5±0.9 (t=0.816, p = 0.417); 
in week 3, 7.4±0.5 vs 7.9±0.7(t=3.470, p=0.001); and in week 4, 6.6±0.3 vs 6.9±0.5 (t=2.791, p=0.007) (Figure 3).
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Adherence
One patient in the patient-preferred group (using the titration of 2 units every 3 days) and 14 patients in the guideline- 
recommended group did not strictly adhere to the designated algorithm. Adherence rates were 97.4% in the patient- 
preferred group and 66.7% in the guideline-recommended group (χ²=12.688, p=0.000).

Figure 1 Patient disposition. 
Abbreviation: SMBG, self-monitoring of blood glucose.

Table 1 Baseline Characteristics of Participants

Patient-Preferred  
n=39

Guideline-Recommended  
n=42

p-value

Male, n (%) 21(53.8) 28(66.7) 0.238

Age, yrs 54.1±8.7 57.0±11.2 0.211
Weight, kg 64.2±12.7 64.4±11.2 0.515

BMI, kg/m2 23.7±3.7 23.8±3.9 0.939

Diabetes duration, yrs 7.4±4.9 8.2±6.0 0.857
FBG, mmol/L 13.8±2.7 12.8±3.7 0.289

HbA1c, % 10.6±2.0 9.9±1.6 0.236

AST, U/L 25.3±15.4 21.4±11.0 0.209
ALT, U/L 18.7±10.0 17.1±8.0 0.407

Creatinine, μmmol/L 78.2±16.9 78.1±16.6 0.987

Baseline therapy
Metformin, n (%) 30 (76.9) 37 (88.1) 0.184

Sulphonylurea, n (%) 27 (69.2) 22 (52.4) 0.121

AGI, n (%) 4 (10.3) 2 (4.8) 0.345
TZD, n (%) 11 (28.2) 14 (33.3) 0.618

DPP4i, n (%) 14 (35.9) 8 (19.0) 0.088

SGLT2i, n (%) 8 (20.5) 17 (40.5) 0.053

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; AGI, alpha-glucosidase 
inhibitor; TZD, Thiazolidinedione; DPP-4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium glucose co- 
transporter 2 inhibitors.
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Insulin Dose
The mean insulin glargine dose upon reaching the FBG target was 21.2±4.3 U in the patient-preferred group and 18.8 
±6.7 U in the guideline-recommended group (t=1.888, p=0.063).

Safety
Hypoglycemia was reported in only 1 patient within the guideline-recommended group, while no instances of hypogly-
cemia were observed in the patient-preferred group.

Discussion
In the present study, patients who self-titrated using the patient-preferred algorithm achieved a significantly higher rate of 
reaching the FBG target compared to those following the guideline-recommended algorithm. This attributed to several 
reasons. First, patients using self-preferred algorithm titrated insulin dose in time. Second, guideline-recommended 
algorithm is a little complex and easily confused. Increasing 2 unit every 3 days needs to calculate mean FBG. 
Sometimes patients were not sure whether it is 2 unit every 3 days or 3 units every 2 days even it was written on the 
patients record. This alignment was reinforced by the robust 97.4% adherence observed in the patient-preferred group.

The method for adjusting insulin glargine involves raising the dose by 2 units every 3 days until the FBG reaches the 
desired level. This approach was initially suggested by Yki-Järvinen and later employed in the AT.LANTUS controlled 

Figure 2 Accumulated rate of reaching FBG target. *p<0.05. 
Abbreviation: FBG, fasting blood glucose.

Figure 3 The actual mean FBG of each week. **p<0.01; ***p<0.001. 
Abbreviation: FBG, fasting blood glucose.
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trial.7,8 This method was also adopted in the consensus guidelines of ADA, EASD, and AACE.14,15 Subsequently, other 
diabetes experts’ agreements, such as those from Southeast Europe and India, also endorsed this approach.18,19

Although the authors of the AT.LANTUS trial stated that the patient-led titration method, increasing by 2 units every 
3 days, is simple and had a high adherence rate over 22 weeks, and can easily be translated into clinical practice in both 
primary and secondary health care settings, our current findings reveal that the real-world clinical application of this 
method has only a 66.7% adherence rate. It is well known that randomized clinical trials have many measures ensuring 
patient adherence including regular visits, telephone contacts, free glucose test, and so on. Further, subject insulin dose 
adjustment was reviewed by the investigator at clinical visits or over the telephone. In real-world setting it is different. 
Our previous survey indicated that patients dislike this method due to its inconvenience. Conversely, patients favored the 
self-titration approach, where insulin glargine is increased by 1 unit daily, as first introduced in the INSIGHT study.20 The 
primary reason for patients’ preference was its simplicity.16 A straightforward titration approach offers several advan-
tages, including fewer clinic visits for adjusting insulin doses, allowing timely dose escalation, and enabling patients to 
confidently manage their insulin regimen.21 This empowers patients in diabetes management and offers greater therapy 
flexibility.21 These benefits can potentially enhance adherence compared to more complicated methods, as complex 
titration methods are a major obstacle to patients’ acceptance.22,23

The guideline-recommend algorithm is not so much patient-centered as disease-centered or even physician-centered. 
According to the position of the ADA/EASD on patient-centered approach, physicians and patients act as partners, 
mutually exchanging information and deliberating on options in order to reach a consensus on the therapeutic course of 
action.17 The therapeutic regimen should be as simple as possible to optimize adherence.17 Importantly, engaging patients 
in medical decisions also enhance adherence to therapy.17 The ADA/EASD guideline-recommended algorithm may lead 
to poor adherence due to neglecting patient preferences.

T2D has a growing prevalence and confers significant cost burden to the health care system. Medication non- 
adherence places a significant cost burden on healthcare systems.24 Curtis et al reported that compared with nonadher-
ence, adherence to glucose-lowering agents among patients with T2D was associated with a significant reduction in acute 
care costs and resource utilization.25 Egede et al also found that the patient-preferred algorithm may potentially help 
reduce the cost burden of this condition.26 Our patient-preferred algorithm had a 97.4% adherence rate and a higher rate 
of reaching FBG target in short term. It will helpful for reducing complication and reducing cost burden in long term.

Implementing patient-inclusion on decision-making need a little more time to explain the difference between two 
algorithms and let patients select their preferred one.

Our study has several limitations. First, it only involved a short-term observation focused on FBG, without 
considering HbA1c levels. However, it’s important to note that basal insulin adjustments should primarily be based on 
FBG levels.1,15,27 It’s widely recognized that FBG plays a significant role in influencing HbA1c levels. Second, there 
were relatively higher rate of lost to follow up in both arms (22% and 16%, respectively).

Conclusion
This study demonstrated that the patient-preferred self-titration approach, mainly increasing by 1 unit daily, exhibited 
better adherence, led to appropriate insulin dose adjustments, and proved to be both effective and safe in reducing FBG 
levels. Future guidelines should recommend patient-preferred basal insulin self-titration algorithm.
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