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Abstract

BACKGROUND

Inadequate glycemic control in patients with type 2 diabetes (T2DM) is a major
public health problem and a significant risk factor for the progression of diabetic
complications.

AIM

To evaluate the effects of intensive and supportive glycemic management stra-
tegies over a 12-month period in individuals with T2DM with glycated hemoglo-
bin (HbA1c) 2 10% and varying backgrounds of glycemic control.

METHODS

This prospective observational study investigated glycemic control in patients
with poorly controlled T2DM over 12 months. Participants were categorized into
four groups based on prior glycemic history: Newly diagnosed, previously well
controlled with recent worsening, previously off-target but now worsening, and
HbAlc consistently above 10%. HbAlc levels were monitored quarterly, and pa-
tients received medical, educational, and dietary support as needed. The analysis
focused on the success rates of good glycemic control and the associated factors
within each group.

RESULTS

The study showed significant improvements in HbAlc levels in all participants.
The most significant improvement was observed in individuals newly diagnosed
with diabetes: 65% achieved an HbAlc target of < 7%. The results varied between
participants with different glycemic control histories, followed by decreasing
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success rates: 39% in participants with previously good glycemic control, 21% in participants whose glycemic
control had deteriorated compared to before, and only 10% in participants with persistently poor control, with
mean HbAlc levels of 6.3%, 7.7%, 8.2%, and 9.7%, respectively. After one year, 65.2% of the “newly diagnosed
patients”, 39.3% in the “previously controlled group”, 21.9% in the “previously off-target but now worsened'”
group and 10% in the “poorly controlled from the start” group had achieved HbAlc levels of 7 and below.

CONCLUSION

In poorly controlled diabetes, the rate at which treatment goals are achieved is associated with the glycemic
background characteristics, emphasizing the need for tailored strategies. Therefore, different and comprehensive
treatment approaches are needed for patients with persistent uncontrolled diabetes.

Key Words: Type 2 diabetes mellitus; Glycated hemoglobin; Glycemic control; Patient-centered care; Diabetes management;
glycemic background

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

Core Tip: Twelve months of enhanced monitoring and facilitated access to hospital visits in patients with poorly controlled
type 2 diabetes resulted in substantial improvements in glycemic control. However, the glycemic background of patients had
a significant impact on the success of glycemic control. The group with newly diagnosed diabetes showed the most favorable
results (mean glycated hemoglobin at 12 months, 6.3%), whereas the group with persistently poorly controlled diabetes
exhibited the worst results (mean glycated hemoglobin at 12 months, 9.7%), suggesting that new approaches are needed to
improve treatment efficacy.
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INTRODUCTION

The global incidence of diabetes mellitus is increasing, and the number of people affected by this disease is predicted to
increase to over 643 million by 2030. In 2021, diabetes mellitus, particularly type 2 diabetes mellitus (T2DM), and its
associated complications led to 6.7 million deaths worldwide[1]. Inadequate glycemic control in patients with T2DM is a
major public health problem and a significant risk factor for the progression of diabetic complications[2,3]. Glycemic
control remains the most important therapeutic goal for preventing organ dysfunction and other diabetes-related
complications[4].

Although there have been significant developments in diabetes treatment in recent decades, such as the development
of new medications, various diet and exercise recommendations to control blood glucose levels, and new technologies,
less than 50% of people with type 2 diabetes have been reported to achieve a target glycated hemoglobin (HbAlc) level of
<7%[5,6]. Although the success rates reported in clinical trials are likely to be higher, real-life data appear to be different
[7-9]. There are a variety of reasons for this, including medication adherence and persistence, physician and patient
inertia, prejudice against lifestyle changes (e.g., feeling deprived by the idea of a change in their diet), easy return to
unhealthy habits, sleep disturbances, financial conditions that interfere with both healthy eating and medication use, and
reaction to the burden of the disease[10].

The definition of “poor glycemic control” is not clearly defined and includes patients with HbAlc levels that exceed the
target value without specific upper limits or gradations. Consequently, it is difficult to determine the prevalence of poorly
controlled diabetes and its associated factors. This also leads to a heterogeneous group of patients with varying glycemic
values and probably different characteristics that influence diabetes management. Even in individuals with “persistently
poorly controlled diabetes mellitus”, which characterizes those who have consistently high HbAlc levels despite
treatment, the threshold varies between 8.5% and 9.5%. More than 10% of individuals diagnosed with diabetes have an
HbA1lc value > 10%[11]. This variability indicates the need for personalized treatment plans that consider individual
patient factors rather than strictly adhering to uniform HbAlc targets and highlights the limitations of using a single
glycemic target for all populations[12]. This discrepancy in achieving glycemic control is a notable and frustrating
observation, even in specialized diabetes units. Although some patients achieve glycemic targets effortlessly, others
consistently struggle to achieve or maintain these targets despite being treated in the same clinical setting. Early identi-
fication of patients who would benefit from additional or different approaches would allow for more effective and timely
intervention, potentially leading to improved glycemic control in a greater number of individuals.
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The United Kingdom Prospective Diabetes Study showed that every reduction in HbAlc level leads to a 37% reduction
in microvascular complications and a 21% reduction in the risk of any endpoint or death associated with diabetes[13].
Patients with persistently poorly controlled diabetes mellitus contribute to the growing burden of diabetes despite
receiving clinical-based diabetes care, as they are associated with higher healthcare utilization and higher costs owing to
inadequate glycemic control[2]. A study evaluating the impact of lowering HbAlc levels on healthcare costs in patients
with uncontrolled diabetes (HbAlc = 9%) found that the group with lower HbAlc levels had an average annual reduction
in healthcare costs of 24% in the first year of observation and 17% in the following year[14]. These results highlight the
potential financial benefits of lowering HbAlc levels in patients with uncontrolled diabetes.

Therapeutic inertia is defined as the failure to advance or de-intensify therapy when appropriate[15]. It results from a
combination of factors involving the patient, physician, and healthcare system[15-17]. Studies have shown that less than
50% of people with type 2 diabetes and treatment failure receive intensification within one year[17-20]. This inertia leads
to underutilization of effective therapies and contributes to poor glycemic control and suboptimal management of
cardiovascular risk factors in patients with diabetes. The INTEGRA study revealed promising results in terms of the
effectiveness of dedicated visits in reducing HbAlc levels, particularly in individuals with initially high HbAlc levels
(HbAlc > 9%), reflecting the effect of reducing therapeutic inertia[17]. This is particularly crucial for patients with
persistently poorly controlled type 2 diabetes, for whom achieving positive outcomes is of paramount importance. The
challenge of managing this particular group of patients and the question of whether their uncontrolled diabetes was truly
due to clinical inertia or inherent heterogeneity within the group led us to conduct this study.

In this study, we aimed to investigate the effects of close and intensive monitoring of different glycemic trajectories on
lowering HbAlc levels and reaching target levels in individuals with a baseline HbAlc of 10% or more. In addition, we
examined the effects of education level, depression, dietary awareness, exercise, and weight change on glycemic control.

MATERIALS AND METHODS

In this prospective observational study, patients with an HbAlc level of 10% or higher who underwent initial evaluation
in internal medicine diabetes outpatient clinics between August 1%, 2021, and December 31*, 2021, were consecutively
invited to participate in the study. Power analysis was performed using the GPower software (version 3.1) to determine
the necessary sample size. Based on an assumed medium effect size (Cohen’s d = 0.5), power of 0.80, and alpha level of
0.05, the analysis indicated that at least 128 participants were required to achieve statistical significance. In total, 266
participants were included in this study to account for potential dropouts and missing data. The study was conducted in
accordance with the declaration of Helsinki and good clinical practice guidelines. The protocol was approved by the
Ethics Committee of the Istanbul Medeniyet University Goztepe Research and Training Hospital (No. 2021/0413).
Clinical trial: No. NCT06385899.

Trial participants

Eligible participants were individuals aged > 18 years with a documented diagnosis of type 2 diabetes and an HbAlc
level of >10%. Key exclusion criteria were acute infection or inflammation lasting longer than one-week, acute metabolic
decompensation, endocrine disease other than thyroid or active oncologic treatment, and inability to attend follow-up,
such as living in another city. All eligible patients were invited to participate in the study and written informed consent
was obtained from all patients who agreed. The participants were followed up to the 12* month of follow-up of the last
patient.

Patient groups

The subject cohorts were stratified according to their HbAlc levels and glycemic control profiles. Group 1 included
subjects who were newly diagnosed with type 2 diabetes within the previous month with no prior documented diabetic
pathology or glucose-modulating pharmacotherapy and were hereby categorized as “newly diagnosed patients”.

The remaining participants had an established diagnosis of type 2 diabetes with at least three recorded HbAlc values,
which facilitated the assessment of their glycemic background. There had to be a minimum interval of three months
between serial HbAlc assessments, with the most recent measurement usually taken six months prior to participation in
the study.

Participants in group 2 had previously demonstrated consistently good blood glucose levels, confirmed by an HbAlc
threshold of 7% or less at least six months before enrollment. However, as their current HbAlc level exceeded the 10%,
these individuals were referred to as the “previously controlled group”.

The participants in group 3 had HbAlc values that varied between 7% and 9.5% on several occasions. The increase in
their most recent HbAlc levels beyond the 10% limit indicated a progressive deterioration in their blood glucose
management, so they were labeled as the group that had “previously off target but now worsened”.

The final group, group 4, consisted of participants whose previous HbAlc levels were invariably above 10%, and were
consequently categorized as “poorly controlled from the start”.

Both group 1 and group 2 were categorized as group A for further analysis, as they had a history of good metabolic
control, that is, no diabetes or previous HbAlc levels of 7% or less. Group 3 and group 4, on the other hand, were
classified as group B as they had poor metabolic control for more than one year prior to enrollment and were considered
“persistently poorly controlled”.
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Intervention

The participants’ characteristics were assessed at baseline. Data were collected through a review of medical records and
interviews with patients. Participants” diabetes type, previous laboratory analyses, medications, dose of medications, and
regularity of intake were further investigated as previously described[21]. The participants” previous HbAlc indices were
used to form the patient cohorts. All participants completed three different questionnaires, which are listed below, and
then underwent predetermined laboratory tests including C-peptide and HbAlc levels. Participation in the study was
initiated after patients completed the questionnaire. All patients were examined by a qualified diabetes nurse educator
and dietitian at least once, with follow-up appointments scheduled as necessary according to the guidance of the medical
professional or at the request of the patients. All patients received a routine 10-minute diabetes education consultation
from both the qualified diabetes nurse educator and dietitian at their first visit. These consultations were not
standardized and were conducted independently of the study protocol to replicate real-life clinical conditions. The
content of subsequent appointments was determined based on individual needs, with a duration not exceeding the
routine practice time of 10 minutes. Patient visits to the diabetes clinic were carried out in collaboration with their
respective physicians who specialized in diabetes care. During these visits, patients had the opportunity to discuss their
concerns and receive personalized guidance on managing their diabetes. Additionally, participants were encouraged to
maintain regular contact with the medical team through phone consultations. This ensured that the patients had easy
access to the necessary diagnostic tests and medications, as they were affiliated with a social health institution. This study
followed the current diabetes guidelines for diagnostic assessments and treatment interventions. The key focus of this
study was to improve patient access to healthcare professionals and enhance their treatment plans.

Participants were evaluated at intervals of at least three months, with the last visit taking place at the end of the twelfth
month after enrollment. At the end of the study, the participants were also asked whether they had taken their medi-
cation as recommended, whether they had adhered to dietary advice, and what their exercise habits were like. All blood
tests, including fasting C-peptide and HbAlc, were performed after 10-14 hours of fasting in the central hospital
laboratory. The study staff measured the waist and hip circumference, height, and weight of the participants were
measured, and body mass index (BMI): (Weight in kilograms divided by height in meters squared) was calculated.

Study endpoints

The primary endpoint was the effect of glycemic background on the change in mean HbAlc from baseline to the end of
the 12-month period and the percentage of patients achieving a target HbAlc level of 7% or less in predefined groups
with different glycemic backgrounds under close and intensive monitoring.

For the secondary endpoints, this study aimed to investigate how baseline characteristics, such as education, mindful
eating, depression, daily physical activity, and changes in weight and BMI influenced changes in HbAlc levels in patients
with different glycemic backgrounds over a 12-month period. The analysis predicted the participants’ ability to achieve
their HbAlc goals by examining the influence of these factors.

Education, mindful eating, depression, and daily physical activity were selected as secondary measures because of
their impact on the adaptation to healthy lifestyle choices. Education is an important social factor that affects health status
and facilitates adaptation to changing health challenges. Establishing healthy behaviors, such as improving nutrition,
weight management, and integrating regular exercise into lifestyle, is now recognized as a fundamental step in the
management of chronic diseases, especially diabetes. Mindful eating entails making conscious food choices to maintain a
healthy lifestyle, while monitoring daily physical activity is a means of assessing exercise behavior. We employed the
validated Turkish mindful eating questionnaire, which includes 30 items graded on a scale from 1 (never) to 5 (always),
assessing seven concepts of eating behavior and mindfulness, with higher scores indicating higher levels of mindful
eating[22]. We used the total score for the analysis. Depressive symptoms are associated with challenges in regulating
blood glucose levels and reducing adherence to dietary and exercise guidelines. In our study, we used the Turkish
version of the beck depression inventory, a 21-question self-assessment tool designed to measure the severity of
depression. Depression severity was classified based on the following scores: No depression (0-9 points), mild (10-16
points), moderate (17-24 points), and severe (> 25 points)[23]. The general practice physical activity questionnaire is a
brief survey that assesses daily physical activities such as exercise, cycling, walking, housework/childcare, and
gardening. It also assesses the level of physical activity in one’s occupation and the walking speed. Based on the results,
individuals are categorized as “active”, “inactive”, “moderately inactive” or “moderately active” based on their physical
activity index[24].

Statistical analysis

Normally distributed numerical variables are presented as mean * SD, while non-normally distributed numerical
variables are reported as median and interquartile range (IQR). The median value represents the midpoint of the data and
the IQR indicates the range within which the middle 50% of the values fall, highlighting a variable. Categorical variables
are presented using frequency and percentage measures. The normality of the numeric variables was assessed using the
Kolmogorov-Smirnov test. Group differences in categorical variables were evaluated using the Pearson ¥ test for
expected frequencies exceeding 5 in 2 x 2 tables, and Fisher’s exact test for frequencies below 5. When comparing two
independent groups, the Student’s ¢-test was applied to normally distributed variables, and the Mann-Whitney U test was
used for non-normally distributed variables. Analysis of variance was used to compare the means of more than two
independent groups for normally distributed numerical variables, whereas the Kruskal-Wallis H test was used when the
variables did not follow a normal distribution. Pairwise comparisons of numerical variables with normal distributions
were conducted using the Tukey’s test. For variables that did not follow a normal distribution, P values were adjusted
using the Bonferroni correction. For longitudinal analyses involving measurements from the same patients at different
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time points, paired t-tests were used for normally distributed numeric variables, Wilcoxon signed-rank tests were used
for non-normally distributed data, and McNemar’s test was used for categorical variables. The magnitude of the effect
sizes for differences between groups was assessed using Cohen’s d test. Cohen’s d quantifies the size of the difference
between two groups in standard deviation units, where values of 0.2, 0.5, and 0.8 correspond to small, moderate, and
large effects, respectively. Binary logistic regression was used to explore the effects of the independent variables on
binary dependent variables. The significance level was set at P < 0.05. Statistical analyses were performed using the
statistical product and service solutions-20 and R programming languages.

RESULTS

The baseline demographic and clinical profiles of participants are shown in Table 1. Group A (n = 51), comprising group 1
and group 2, was characterized by previous normal or good metabolic control, and group B (n = 81), comprising group 3
and group 4, which had poor metabolic control, were compared. There was no statistically significant difference in age
between group A (54.4 +10.3 years) and group B (56.7 + 9.6 years). Among 132 patients, 58.3% were male. In group A,
27.5% (n = 14) were female, while 72.5% (n = 37) were male. Group B exhibited a higher proportion of females 50.6% (n =
41) than males 49.4% (n = 40) of males (P = 0.009). At baseline, group B exhibited statistically higher beck depression
scores (median: 12, IQR = 12) than group A (7.9 £ 5.9) (P < 0.001). Group A displayed significantly higher glucose levels
(283.9 £ 75.9 mg/dL) than group B (238.7 + 77.4 mg/dL) (P = 0.007).

The baseline clinical outcomes of the four groups are shown in Table 2. Statistically significant differences were
observed in glucose (P = 0.016) and HbAlc (P = 0.007) levels among the groups. Pairwise comparisons revealed that the
mean glucose level in group 1 (294.1 + 87.8 mg/dL) was significantly higher than in group 3 (229.1 + 72.8 mg/dL).
Additionally, the HbAlc level in Group 1 (13.6 + 2%) was significantly higher than that in the other groups.

HbA1c change from baseline

The clinical outcomes at the end of the study were evaluated in group A and group B (Table 3). HbAlc levels were
significantly lower in group A (median: 7%, IQR = 1.2%) than in group B (median: 8.5%, IQR = 2%) (P < 0.001). Similarly,
group A had a significantly lower glucose level (median: 133.5 mg/dL, IQR = 36.8 mg/dL) than Group B (172.9 + 57.5
mg/dL) (P < 0.001). Group A also showed a higher C-peptide level (median: 2.7 ng/mL, IQR = 2.0 ng/mL) compared to
group B (median: 2.1 ng/mL, IQR = 1.9 ng/mL) (P = 0.012). Conversely, no statistically significant differences were
observed in other metabolic parameters such as BMI, waist circumference, or lipid profiles [low-density lipoprotein
(LDL)-cholesterol, high-density lipoprotein (HDL)-cholesterol, triglycerides, and total cholesterol] between the groups
after the 12-month period.

The clinical outcomes after 12 months in the four groups are summarized in Table 4. Significant differences were noted
in glucose (P < 0.001) and HbAlc levels (P < 0.001) among the groups. Pairwise comparisons revealed that the median
glucose level in group 4 (199 mg/dL, IQR =113 mg/dL) was significantly higher than that in the other groups (P < 0.05).
Similarly, group 4 exhibited the highest mean HbAlc level (9.4% + 2%), which was significantly greater than that in the
other groups (P < 0.05). Additionally, the mean HbAlc level in group 1 (6.6% + 0.9%) was significantly lower than that in
group 3 (8.4% +1.7%) (P = 0.001).

Changes in clinical outcomes over time for group A and group B and all patients are detailed in Table 5. In group A,
significant and large reductions from baseline were evident in median glucose levels (baseline: 275 mg/dL; 12 months:
131 mg/dL; P < 0.001; Cohen’s d = 2.2) and median HbA1lc levels (baseline: 12.1%; 12 months: 7.0%; P < 0.001; Cohen’s d
= 3.2). Furthermore, significant and large reductions were observed in median LDL cholesterol (baseline: 111.5 mg/dL; 12
months: 85.5 mg/dL; P = 0.015; Cohen’s d = 0.6) and median total cholesterol (baseline: 198.0 mg/dL; 12 months: 173.0
mg/dL; P =0.001; Cohen’s d = 0.6). Conversely, a moderate increase in median HDL cholesterol (baseline: 37.0 mg/dL; 12
months: 43.0 mg/dL; P < 0.001; Cohen’s d = 0.4) and a moderate reduction in median triglyceride levels (baseline: 202.0
mg/dL; 12 months: 164.0 mg/dL; P = 0.003; Cohen’s d = 0.4) were also observed. Group B demonstrated significant and
substantial reductions in median HbAlc levels (baseline: 11.2%; 12 months: 8.7%; P < 0.001; Cohen’s d = 1.6), alongside
modest reductions in median total cholesterol (baseline: 192.0 mg/dL; 12 months: 172.0 mg/dL; P < 0.001; Cohen’s d =
0.5) and median glucose levels (baseline: 242.5 mg/dL; 12 months: 170.0 mg/dL; P < 0.001; Cohen’s d = 0.6). Additionally,
significant and moderate reductions were observed in median triglyceride levels (baseline: 181.0 mg/dL; 12 months: 155
mg/dL; P <0.001; Cohen’s d = 0.3) and mean LDL-cholesterol (baseline: 112.4 mg/dL; 12 months: 96.5 mg/dL; P = 0.040;
Cohen’s d = 0.4). No significant changes were detected in any of the other parameters. In all patients, significant and
substantial reductions were noted in median glucose levels (baseline: 259.0 mg/dL; 12 months: 146 mg/dL; P < 0.001;
Cohen’s d = 1.1) and median HbA1c levels (baseline: 11.7%; 12 months: 7.8%; P < 0.001; Cohen’s d = 2.1). Moreover,
significant and moderate reductions were observed in median LDL-cholesterol (baseline: 107.5 mg/dL; 12 months: 91.5
mg/dL; P = 0.001; Cohen’s d = 0.5) and median total cholesterol (baseline: 194.5 mg/dL; 12 months: 172.0 mg/dL; P <
0.001; Cohen’s d = 0.5) levels, indicating notable improvements. Conversely, there was a moderate increase in median
HDL-cholesterol (baseline: 41.0 mg/dL; 12 months: 43.0 mg/dL; P = 0.002; Cohen’s d = 0.2) and a moderate reduction in
median triglyceride levels (baseline: 189.5 mg/dL; 12 months: 156.5 mg/dL; P < 0.001; Cohen’s d = 0.3).

Table 6 presents a comprehensive overview of the clinical outcome changes observed over time in each group. In group
1, significant improvements were noted across several clinical outcomes after 12 months compared to baseline. There
were marked large reductions in mean glucose levels (baseline: 294.1 mg/dL; 12 months: 125 mg/dL; P < 0.001; Cohen’s
d = 2.6), median total cholesterol (baseline: 194 mg/dL; 12 months: 170 mg/dL; P = 0.002; Cohen’s d = 1.0), and mean
HbAlc levels (baseline: 13.4%; 12 months: 6.6%; P < 0.001; Cohen’s d = 4.5). Additionally, there were large reductions in
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Table 1 Baseline demographic and clinical characteristics of the patients, n (%)

Group A (1+2) (n=51) Group B (2 +3) (n=81) All patients (n = 132) P value
Age (years) 54.4+10.3 56.7 £9.6 55.8+9.8 0.068
Gender
Female 14 (27.5) 41 (50.6) 55 (41.7) 0.009*
Male 37 (72.5) 40 (49.4) 77 (58.3)
Education 0.141
No literacy 2(3.9) 12 (14.8) 14 (10.6)
Primary school 27 (52.9) 43 (53.1) 70 (53.0)
Middle school 9 (17.6) 6(7.4) 15 (11.4)
High school 9 (17.6) 16 (19.8) 25 (18.9)
Higher education 4(7.8) 4(4.9) 8 (6.1)
Physical activity 0.088
Inactive 24 (47.1) 48 (59.3) 72 (54.5)
Moderately inactive 18 (35.3) 19 (23.5) 37 (28)
Moderately active 9 (17.6) 9 (11.1) 18 (13.6)
Active 0 (0) 5(6.2) 5(3.8)
Diabetes course
Newly diagnosed T2DM 23 (45.1) 0(0) 23 (17.4)
Patients with previously controlled 28 (54.9) 0 (0) 28 (21.2)
T2DM
T2DM patients whose HBA1c were 0 (0) 32 (39.5) 32 (24.2)
previously not on target but now
worsened
T2DM patients whose HbAlc were > 0 (0) 49 (60.5) 49 (37.2)
10% for a long time
Weight (kg) 83 (21) 81+14 81 (19) 0.350
BMI (kg/m?) 294+35 295+48 295+43 0.821
Waist circumference (cm) 102.1+12.8 101.8 +14.3 101.9 +13.7 0.917
Duration of diabetes (year) 4(12) 10 (8) 10 (10) 0.000"
CKD 4(8) 4(5) 8 (6) 0.710
Mindful eating 33+0.6 34+0.6 34+0.6 0.324
BDI 79+59 12 (12) 10 (9) 0.000"
Glucose (mg/dL) 283.9+75.9 238.7 +77.4 2543 +79.4 0.007¢
LDL-C (mg/dL) 101 £41.9 106 (53) 100 (53) 0.989
HDL-C (mg/dL) 36 (22) 43.6+11.3 42 (18) 0.048°
Triglyceride (mg/dL) 203.7 +136.7 189.1 £27.12 195.3 £ 96.7 0.692
Total cholesterol (mg/dL) 177 (67) 188 (49) 184 (54) 0.905
C-peptide (ng/mL) 31+1.6 26+1.2 2.5(1.7) 0.060
Urea (mg/dL) 27 (10) 31.6+79 312497 0.137
Creatinine (mg/dL) 0.8 (0.2) 0.7+0.2 0.8 (0.3) 0.323
HbAlc (%) 129+25 11 (2.9) 11.2 (3.2) 0.054

P <0.05.
Continuous variables are presented as mean # SD for normally distributed or median (interquartile range) for non-normally distributed. Categorical
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variables were presented as numbers (percentages). Chronic kidney disease is defined as epidermal growth factor receptor < 60 mL/minute/1.73 m2.
T2DM: Type 2 diabetes mellitus; BMI: Body mass index; CKD: Chronic kidney disease; BDI: Beck depression inventory; LDL-C: Low-density lipoprotein
cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

Table 2 Baseline clinical outcomes for each group, mean * SD, n (%)

Group 1 (n=23) Group 2 (n = 28) Group 3 (n=32) Group 4 (n = 49) P value

Weight (kg) 84.5+20.1 86+16.8 80.4+13.7 81.6 +14.9 0.447"
BMI (kg/m?) 28.8+4.3 31.1+48 29.1+5.1 30.3+4.9 0.274"
Waist circumference (cm) 98 (16) 102.1+10.4 100 (11) 104.3+12.3 0.540”
Glucose (mg/dL) 294.1+87.8 276.1+76.3 2291+72.8 2572+76.7 0.016™"
LDL-C (mg/dL) 110 +38.3 114.5 (77) 106.7 +£33.3 1159 +£38.3 0.824”
HDL-C (mg/dL) 42.6 (13.4) 39.2+128 43.2+10.9 453 (12.5) 0.194*
Triglyceride (mg/dL) 237+£1222 244.5 (166.3) 173 £126 268.8 £259.2 0.722*
Total cholesterol (mg/dL) 200.1 (43.2) 208.2+72.8 195.4 +46.6 208.7 £ 43 0.593"
C-peptide (ng/mL) 28+1.1 32+1.6 28+14 24+1 0.068'
HbAlc (%) 134+19 11.3 (2.4) 11.5 (2.9) 11.1 (2.3) 0.007
4P < 0.05.

1P calculated by one-way analysis of variance test.
2P calculated by the Kruskal-Wallis test.
BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

Table 3 Clinical outcomes after 12 months for group a and group B, mean * SD, n (%)

Group A (1+2) (n=51) Group B (2 +3) (n=81) All patients (n = 132) P value
Weight (kg) 84+14 80+14 82+14 0.159
BMI (kg/mz) 30+4.5 30.4£52 30.2+49 0.942
Waist circumference (cm) 102.5+12.4 102.7 + 14 102 (16) 0.741
Glucose (mg/dL) 133.5 (36.8) 172.9 £57.5 145 (77) 0.000°
LDL-C (mg/dL) 86.1+£33.6 95.7 +36.8 91.9+35.7 0.335
HDL-C (mg/dL) 46.1+15.1 45+95 454+11.9 0390
Triglyceride (mg/dL) 153 (123.8) 155 + 87 155 (100) 0566
Total cholesterol (mg/dL) 166.9 £39.7 173.2+42.9 170.7 £41.5 0.382
C-peptide (ng/mL) 27 ) 21 (1.9) 23(1.8) 0.012°
HbA1c (%) 7 (1.2) 85(2) 7.8 (2.1) 0.000°

P <0.05.
BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

mean LDL cholesterol (baseline: 110 mg/dL; 12 months: 86.3 mg/dL; P = 0.029; Cohen’s d = 0.7) and mean triglyceride
levels (baseline: 237 mg/dL; 12 months: 158 mg/dL; P < 0.001; Cohen’s d = 0.7), along with a moderate increase in
median HDL cholesterol (baseline: 37 mg/dL; 12 months: 43 mg/dL; P = 0.026; Cohen’s d = 0.4). In group 2, significant
and substantial decreases were observed in mean glucose levels (baseline: 276.1; 12 months: 154.7 mg/dL; P < 0.001;
Cohen’s d = 1.9) and median HbAlc levels (baseline: 11.3%; 12 months: 7.5%; P < 0.001; Cohen’s d = 4.5). Moreover, there
were moderate improvements in mean HDL cholesterol (baseline: 39.2 mg/dL; 12 months: 45.6 mg/dL; P < 0.001;
Cohen’s d = 0.5) and moderate reduction in mean total cholesterol (baseline: 208.2 mg/dL; 12 months: 180 mg/dL; P =
0.041; Cohen’s d = 0.4). Group 3 demonstrated significant and substantial reductions in median glucose levels (baseline:
218 mg/dL; 12 months: 137.5 mg/dL; P < 0.001; Cohen’s d = 1.1) and median HbAlc levels (baseline: 11.6%; 12 months:
8%; P < 0.001; Cohen’s d = 2.2), as well as moderate reductions in mean total cholesterol (baseline: 195.4 mg/dL; 12
months: 178.1 mg/dL; P = 0.011; Cohen’s d = 0.4) and median triglyceride levels (baseline: 173 mg/dL; 12 months: 149
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Table 4 Clinical outcomes after 12 months for each group, mean % SD, n (%)

Group 1 (n=23) Group 2 (n=28) Group 3 (n=32) Group 4 (n = 49) P value
Weight (kg) 80.8 £14.3 86.5+13.8 80.9£13.5 79.8 £14.3 0.253'
BMI (kg/m?) 283+3.4 3149 293+53 301+4.7 0.220!
Waist circumference (cm) 101.9 +14.4 103.8 +10.9 100.7 £15 103 +14.2 0.844!
Glucose (mg/dL) 125 +32.2 154.7 + 45.6 137.5 (59) 199 (113) 0.000%
LDL-C (mg/dL) 86.3 £31.2 93.1+39.1 97.6 £36.7 95.8 +41.2 0.724!
HDL-C (mg/dL) 51426 456+13.4 44.7+11 45.7£14.6 0.509'
Triglyceride (mg/dL) 158 £ 89.8 186.5 (108.5) 149 (97) 165 (105) 0.120
Total cholesterol (mg/dL) 164 +30.7 180 £51.7 1781 £44.5 170 (63) 0.528
C-peptide (ng/mL) 24(21) 33+14 25+14 21(1.1) 0.081%
HbATc (%) 6.6£0.9 7.7+13 84+17 942 0.000*!

P <0.05.

1P calculated by one-way analysis of variance test.

2p calculated by the Kruskal-Wallis test.

BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

Table 5 Comparison of clinical outcomes at baseline and 12 months for group A and group B

Group A Group B All patients
. P Cohen’sd P Cohen’sd | P Cohen’s d
differences P value . difference P value . difference P value .
effect size effect size effect size
(n=51) (n=281) (n=132)
Weight (kg) =15 0.282* 0.1 09 0.357" 0.1 1.0 0.064” 0.1
BMI (kg/m?) 0.7 0.329” 0.1 0.0 0.985' 0.0 0.1 0.828' 0.0
Waist circum- 2.5 0.837° 0.1 0.5 0.507° 0.0 15 0.527° 0.0
ference (cm)
Glucose -144.0 0.000™ 22 725 0.000% 0.6 -113.0 0.000%* 1.1
(mg/dL)
LDL-C (mg/dL) -26.0 0.015" 0.6 -15.8 0.040" 0.4 -16.0 0.001%* 0.5
HDL-C 6.0 0.000%” 0.4 1.0 0.733° 0.1 2.0 0.002** 0.2
(mg/dL)
Triglyceride -38.0 0.003 0.4 -26.0 0.000 0.3 -33.0 0.000"* 03
(mg/dL)
Total cholesterol -25.0 0.001° 0.6 -20.0 0.000™ 0.5 225 0.000% 0.5
(mg/dL)
C-peptide 0.2 0.950” 0.1 0.1 0.299” 0.1 0.1 0.417 0.0
(ng/mL)
HbAlc (%) 5.1 0.000" 3.2 25 0.000" 1.6 39 0.000"” 21
2P < 0.05.

Differences denote values obtained after 12 months subtracted from baseline measurements.

1P for normally distributed data, mean differences are presented.

2P in cases of non-normal distribution, median differences are utilized.

BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

mg/dL; P = 0.006; Cohen’s d = 0.3). No significant changes were observed in other parameters in this group. Group 4
showed significant and substantial decreases in median HbAlc levels (baseline: 11.1%; 12 months: 9.4%; P < 0.001;
Cohen’s d = 1.3) and large reductions in median total cholesterol (baseline: 196 mg/dL; 12 months: 170 mg/dL; P = 0.005;
Cohen’s d = 0.6), median glucose levels (baseline: 246.5 mg/dL; 12 months: 199 mg/dL; P = 0.003; Cohen’s d = 0.5), and
median triglyceride levels (baseline: 194 mg/dL; 12 months: 165 mg/dL; P = 0.006; Cohen’s d = 0.4). The other parameters
remained constant.

Guieidenge  WID | https:/ /www.wjgnet.com 8 January 15,2025 | Volume16 | Issuel |



Erbakan AN et al. Glycemic background in poorly controlled diabetes

Table 6 Comparison of clinical outcomes at baseline and 12 months for each group

Group 1 Group 2 Group 3 Group 4
. P Cohen’s d . P Cohen’s d . P Cohen’s d . P Cohen’s d
differences P value . differences P value . differences P value . differences P value .
effect size effect size effect size effect size
(n=23) (n=28) (n=32) (n=49)
Weight (kg) 3.7 0.476' 0.2 05 0.273 0.0 0.5 0.562 0.0 1.8 0.120” 0.1
BMI (kg/m?) 05 0.436' 0.1 01 0.862! 0.0 0.2 0.544! 0.0 02 0.469" 0.0
Waist circum- 25 0.984 0.0 1.7 0.950" 0.2 1.0 0.665” 0.2 13 0.662" 0.1
ference (cm)
Glucose (mg/dL)  -169.1 0.000"" 2.6 -121.4 0.000™" 1.9 -80.5 0.000 1.1 475 0.003 0.5
LDL-C (mg/dL)  -23.7 0.029*! 0.7 285 0.095' 0.5 91 0.135' 0.3 -20.1 0.147" 0.5
HDL-C (mg/dL) 6.0 0.026" 0.4 6.4 0.000*" 05 15 0.331" 0.1 2.0 0.659> 0.0
Triglyceride -79 0.000™" 0.7 -15.0 0.438” 0.2 240 0.006™ 0.3 -29.0 0.006™ 0.4
(mg/dL)
Total cholesterol ~ -24. 0.002°* 1.0 282 0.041"! 0.4 -17.3 0.011"! 0.4 -26.0 0.005%” 0.6
(mg/dL)
C-peptide 0.0 0.784 03 0.1 0.927" 0.1 03 0.144 0.2 01 0.692> 0.0
(ng/mL)
HbAlc (%) 6.8 0.000"" 45 358 0.000 26 36 0.000" 22 17 0.000" 1.3
ap < 0.05.

Differences denote values obtained after 12 months subtracted from baseline measurements.

1P for normally distributed data, mean differences are presented.

2P in cases of non-normal distribution, median differences are utilized.

BMI: Body mass index; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

Achieving HbA1c target of < 7%

No statistically significant differences were observed in age, sex, education level, physical activity, weight, BMI, waist
circumference, total mindful eating score, LDL cholesterol, HDL cholesterol, or triglyceride levels between the patients
with HbA1lc levels above and below 7% (Table 7). However, a significant difference was found in the distribution of
diabetes background between the two groups (P < 0.001). After one year, 65.2% of the “newly diagnosed patients”, 39.3%
in the “previously controlled group”, 21.9% in the “previously off-target but now worsened” group and 10% in the
“poorly controlled from the start” group had achieved HbAlc levels of 7 and below (Figure 1). Most patients with HbAlc
levels > 7% belonged to group 4, who had uncontrolled diabetes with long-standing HbAlc levels > 10%. In contrast,
most patients with HbAlc levels < 7% were newly diagnosed with T2DM (39%). Furthermore, patients with HbAlc levels
> 7% exhibited significantly higher Beck Depression Index scores and glucose, total cholesterol, C-peptide, and HbAlc
levels than those with HbAlc levels < 7%.
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Table 7 Demographic and clinical characteristics by glycated hemoglobin levels (< 7% vs 2 7%) at 12 months, mean * SD, n (%)

HbA1c < 7% (n = 38) HbA1c > 7% (n = 94) P value
Age (years) 542+10.2 55.8 £10.5 0.326
Gender 0.135
Female 12 (32) 43 (46)
Male 26 (68) 51 (54)
Education
No literacy 3(7.9) 11 (12) 0.709
Primary school 18 (47) 52 (55)
Middle school 6 (16) 9 (9.6)
High school 8(21) 17 (18)
Higher education 3(7.9) 5(5.3)
Physical activity
Inactive 20 (56) 43 (49) 0.554
Moderately inactive 8(22) 29 (33)
Moderately active 7 (19) 11 (13)
Active 1(2.8) 4 (4.6)
Diabetes course
Newly diagnosed T2DM 15 (39) 8(8.5) 0.000°
Patients with previously controlled T2DM 11 (29) 17 (18)
T2DM patients whose HBAlc were previously not on target but now 7 (18) 25 (27)
worsened
T2DM patients whose HbAlc were > 10% for a long time 5(13) 44 (47)
Weight (kg) 83.9+128 80.7 +14.5 0.215
BMI (kg/m?) 29.7+3.8 29.8+5.1 0.848
Waist circumference (cm) 102.8 +12.6 102.3 +14.2 0.787
Duration of diabetes (year) 54+59 10.7£6.9 0.000*
Mindful eating 33+0.6 34+05 0.320
BDI 8.6+55 12.6 £8.5 0.022°
Glucose (mg/dL) 116.9 +20.8 195.5 +85.7 0.000°
LDL-C (mg/dL) 82.1+33.3 98.9 +38.6 0.074
HDL-C (mg/dL) 4534220 46.8+13.2 0.062
Triglyceride (mg/dL) 169.5 £92.9 198.0 +144.2 0.470
Total cholesterol (mg/dL) 159.4 £33.7 184.6 £ 50.6 0.029*
C-peptide (ng/mL) 33+1.6 25+1.2 0.006"
HbAlc (%) 64+05 91+£17 0.000"
2P <0.05.

T2DM: Type 2 diabetes mellitus; BMI: Body mass index; BDI: Beck depression inventory; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-
density lipoprotein cholesterol; HbAlc: Glycated hemoglobin.

Logistic regression analysis was performed to explore the factors influencing HbAlc levels categorized as < 7% or >
7%. Neither baseline characteristic nor weight change had any relationship with HbAlc levels (categorized as < 7% or >
7%).

Depression, mindful eating, physical activity and weight change
The baseline demographic and clinical profiles of participants are shown in Table 1. Depression, mindful eating, and
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Association of the gylcemic background patterns and diabetes management efficacy
in poorly controlled type 2 diabetes

Achieving HbA1c target of 7% at the end of 12" month

HbALc HbAlc

Background HbALc HbALc < 7% < 7%
> 7% < 7%

Inadequate glycemic control
in Qatlents .Wlth T2DMis a CHohte  HbALCS HoALe HbALC
major public health problem 7% >T7% ° > 7%

. . . © HbAlc < 7% © HbAlc < 7% ©® HbAlc £ 7% ® HbAlc £ 7%
and a significant risk factor ™ HbALC > 79% ° HBALC > 79% ° HDALC > 79% ° HbALC > 79%
for the progression of Group 1 Group 2 Group 3 Group 4

diabetic complications . .
Changes in HbA1lc % in a year

Baseline and 12" month HbA1c % in groups

15 134
11.3 11.5 11.1
9.4

Group 1: Newly diagnosed T2DM
Group 2: Previously controlled T2DM
Group 3: Previously off target but now worsened

Newly diagnosed  Previously controlled Previously off target  Persistently poorly

Group 4: Persistently poorly controlled T2DM T2DM but now worsened  controlled T2DM
T2DM

® Baseline HbAlc © 12" month HbA1c

Conclusion: The glycemic background of patients had a significant impact on the success of glycemic control

Figure 1 Graphic abstract of the results. T2DM: Type 2 diabetes; HbA1c: Glycated hemoglobin.

physical activity were the three baseline characteristics examined as secondary outcomes for their impact on glycemic
improvement. At baseline, the groups differed only in their depression scores, as measured using the beck depression
index. Group B had statistically higher beck depression scores (median: 12; IQR = 12) than Group A (7.9 £5.9) (P < 0.001).
At the end of the study, none of the three parameters influenced the outcomes.

Of the 132 participants, only 67 had at least a 1 kg change in their weight. The weight changes in both ways resulted in
a non-significant change from baseline. Changes in weight had no significant effect on HbAlc levels at the end of the
study period.

Although participants were encouraged and recommended to consult a dietitian at each visit, at the end of the study,
only 28 of the 132 participants reported that they had contacted a dietitian two or more times a year.

Medications

To reflect medication intensification, the use of different medications among the two groups (group A and group B) and
the associated P values are presented in Table 8 and Figure 2. Nine participants were not taking any medications even
though they had previously been diagnosed with type 2 diabetes. After 12 months, significant differences were found in
the use of dipeptidyl peptidase IV (DPP-1V) inhibitors, basal insulin, and mixed insulin, with higher rates in group B than
in group A (77.8% vs 52.9%, P = 0.003), 40.7% vs 7.8% (P < 0.001), and 14.8% vs 3.9% (P = 0.048), respectively. No
significant differences were observed in the use of sodium-glucose transport protein 2 (SGLT2) inhibitors, pioglitazone, or
basal-bolus insulin.

After 12 months, SGLT2 inhibitors, metformin, and DPP-IV inhibitors were the most commonly used medications in
group A and group B. The use of metformin was higher among patients with HbAlc levels < 7% than among those with
levels > 7% (Table 9). Conversely, the utilization of basal insulin, basal-bolus insulin, and mixed insulin was statistically
higher in patients with HbAlc levels > 7% than in those with levels equal to or below 7%.

The use of SGLT2 inhibitors was similar in both groups. However, metformin and pioglitazone were used more
frequently in patients with HbAlc levels < 7%, whereas the use of DPP-IV inhibitors, basal insulin, basal-bolus insulin,
and mixed insulin was higher in patients with HbAlc levels > 7%.

Twenty-seven participants were hospitalized at least once during the study.

DISCUSSION

In this study, 12 months of intensified monitoring and facilitated hospital visits in patients with poorly controlled type 2
diabetes, defined as an HbAlc level > 10%, and with different glycemic backgrounds resulted in a significant
improvement in glycemic control, although patients” glycemic history had a significant impact on HbAlc reduction rates.
Patients with newly diagnosed diabetes displayed the most favorable results, with an average HbAlc value of 6.3%. By
contrast, participants with varying degrees of previous control had higher average HbAlc levels (7.7%, 8.2%, and 9.7%,
respectively) (Figure 1).

3%’@) WID | https://www.wjgnet.com 11 January 15,2025 | Volume16 | Issuel |



Erbakan AN et al. Glycemic background in poorly controlled diabetes

Table 8 Medication utilization after 12 months: Group A vs group B, n (%)

Medication Usage Group A Group B All patients P value

MTF Yes 40 (78.4) 64 (79) 104 (78.8) 0.937
No 11 (21.6) 17 (21) 28 (21.2)

DPP-1V Yes 27 (52.9) 63 (77.8) 90 (68.2) 0.003"
No 24 (47.1) 18 (22.2) 42 (31.8)

SGLT2 Yes 37 (72.5) 64 (79) 101 (76.5) 0.394
No 14 (27.5) 17 (21) 31 (23.5)

Pioglitazone Yes 19 (37.3) 33 (40.7) 52 (39.4) 0.690
No 32 (62.7) 48 (59.3) 80 (60.6)

Basal insulin Yes 4(7.8) 33 (40.7) 37 (28) 0.000"
No 47 (92.2) 48 (59.3) 95 (72)

Basal-bolus insulin Yes 4(7.8) 15 (18.5) 19 (14.4) 0.089
No 47 (92.2) 66 (81.5) 113 (85.6)

Mixed insulin Yes 2(3.9) 12 (14.8) 14 (10.6) 0.048"
No 49 (96.1) 69 (85.2) 118 (89.4)

P < 0.05.

MTEF: Metformin; DPP-IV: Dipeptidyl peptidase IV inhibitors; SGLT2: Sodium-glucose transport protein 2 inhibitors.

Table 9 Medication utilization after 12 months: Glycated hemoglobin < 7% vs glycated hemoglobin > 7%, n (%)

Medication Usage HbA1c = 7% HbA1c > 7% Pvalue

MTF Yes 34 (89.5) 70 (74.5) 0.046"
No 4 (10.5) 24 (25.5)

DPP-IV Yes 24 (63.2) 66 (70.2) 0.431
No 14 (36.8) 28 (29.8)

SGLT2 Yes 29 (76.3) 72 (76.6) 0.973
No 9(23.7) 22 (23.4)

Pioglitazone Yes 16 (42.1) 36 (38.3) 0.685
No 22 (57.9) 58 (61.7)

Basal insulin Yes 4 (10.5) 33 (35.1) 0.004"
No 34 (89.5) 61 (64.9)

Basal-bolus insulin Yes 1(2.6) 18 (19.1) 0.014°
No 37(97.4) 76 (80.9)

Mixed insulin Yes 0 (0) 14 (14.9) 0.012°
No 38 (100) 80 (85.1)

2P < 0.05.

MTEF: Metformin; DPP-IV: Dipeptidyl peptidase IV inhibitors; SGLT2: Sodium-glucose transport protein 2 inhibitors.

The differences were even more pronounced in the percentage of patients who achieved glycemic control, defined as
an HbAlc level < 7%. The success rates differed significantly between the groups; while more than half of newly
diagnosed patients reached their target, these rates gradually declined, with only 10% of participants with persistently
poor control reaching their goal (Figures 1 and 3). This was despite the fact that all participants received similar
treatments. Interestingly, similar success rates were also observed in the published data for the first three months,
suggesting that the duration of treatment had a minimal impact on success rates[21].
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Figure 2 Baseline and 12*" month medication usage: Group A vs group B. DPP-IV: Dipeptidyl peptidase IV; SGLT2: Sodium-glucose transport protein
2; SU/GLN: Sulfonylurea/glinides.

The success rates of the groups in attaining glycemic control
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Figure 3 The success rates of the groups in attaining glycemic control. HbA1c: Glycated hemoglobin.

This study differs from other studies in that it included patients with different glycemic backgrounds and poor
diabetes control. Patients with newly diagnosed type 2 diabetes are expected to have a much better chance of controlling
their blood glucose levels than are patients with established type 2 diabetes. A study conducted in China found that
68.5% of 5770 individuals with newly diagnosed type 2 diabetes achieved an HbAlc level of 7 or less after one year[25]. In
another study, 48% of individuals diagnosed at the age of 21-44 and 61.9% at 45-65 years old achieved this value[26]. A
multicenter study conducted in Germany and Austria followed 6355 newly diagnosed patients with type 2 diabetes over
a 5-year period[27]. Similar to our findings, they reported that approximately 68% of their cohort achieved good glycemic
control within the first year. However, even within this newly diagnosed population, they were able to identify four
different trajectories of glycemic progression, with 6% having persistently poor control throughout the study[27]. This
observation emphasizes that even from the time of diagnosis, diverse trajectories exist, and a subset of patients will face
significant challenges in achieving sustained glycemic control. It is worth noting that these studies included individuals
with newly diagnosed type 2 diabetes, that is, people with an HbAlc level < 7%. In our study, the probability of having
an HbAlc value < 7% after one year was 65% among newly diagnosed patients who had a strikingly high initial HbAlc
value.

In a study by Tsai et al[28], mandatory monthly outpatient clinic visits through hospital system notifications improved
therapeutic inertia in patients with poorly controlled type 2 diabetes (HbA1lc = 9%), particularly those with worsening
control, and increased the likelihood of treatment intensification by 21% and 53%, respectively[28]. In the INTEGRA
study, a randomized multicomponent intervention to reduce therapeutic inertia led to improved HbAlc levels[17]. These
interventions improve not only physicians’ but also patients” willingness to initiate or intensify diabetes treatment and,
most likely, patients” adherence and persistence. Each visit is also a source of education and empowerment, allowing
patients to actively participate in diabetes management and make informed decisions regarding their treatment plans.
The problem with these intervention studies is that they may not be generalizable due to the specific patient populations
and settings in which they are conducted and the continuity of interventions after the study is completed. Telemedicine,
in appropriate settings where possible, is a potentially effective strategy for improving glycemic control, as demonstrated
by the positive effects on HbAlc levels observed in various studies[29]. Furthermore, the problem of therapeutic inertia is
complex and multifactorial and requires a comprehensive approach that goes beyond interventions for clinicians and
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patients.

The most important factor influencing glycemic control in our study was baseline glycemic history. Previous studies
have investigated the significance of HbAlc trajectories in different ways. For example, An et al[30] identified four
different HbAlc patterns over two years in individuals with established type 2 diabetes, emphasizing the dynamic nature
of glycemic control. Similarly, Karpati et al[31] used longitudinal HbAlc data to categorize patients into groups with
stable, descending, and ascending trajectories, demonstrating the clinical relevance of these patterns in predicting future
outcomes and personalizing HbAlc targets. In a separate study with a follow-up period of 3 years, glycemic control was
investigated in patients receiving a second antidiabetic agent due to inadequate HbAlc levels[32]. Despite ongoing
adjustments of treatment to individual needs, glycemic trajectories varied considerably. While most participants achieved
stable, good, or greatly improved long-term glycemic control, 21% had moderate or poor control throughout the follow-
up period[32]. This highlights the ongoing challenges in achieving and maintaining optimal glycemic control in this
population.

Luo et al[33] shed light on a critical problem in the treatment of type 2 diabetes: While there are recommended glycemic
targets, a subset of patients consistently struggle to achieve these targets and have a disproportionately higher risk of
complications and mortality. Their study, which categorized patients into different HbAlc trajectory groups (low-,
moderate-, moderate-, and high-increased), found that worsening HbAlc patterns, particularly with extremely high
baseline HbAlc, correlated significantly with an increased risk of acute myocardial infarction, stroke, end-stage renal
disease, and death[33]. Although this study prospectively followed complications, it did not examine the long-term
trends in HbAlc control within each trajectory group. Consequently, it remains unclear whether improvements in HbAlc
levels, even in those with initially high levels, would result in a lower risk of complications during the follow-up period.
This gap in knowledge highlights the inadequacy of a one-size-fits-all approach, as current clinical guidelines often lack
specific recommendations tailored to the particular challenges of this high-risk group, who have difficulty meeting
existing targets.

Our study aimed to build on these findings by prospectively investigating whether different glycemic trajectories in
individuals with type 2 diabetes coupled with closer monitoring to attenuate clinical inertia could improve the likelihood
of achieving good glycemic control. To analyze the effects of diabetes management, individuals with a history of effective
glycemic control were studied separately from those with a long history of inadequate glycemic control. Participants who
had predominantly good glycemic control in the past were more likely to achieve satisfactory control one year later than
the other participants. Almost half of the participants with a history of good blood glucose control, including those who
were not newly diagnosed, achieved an HbAlc target of 7% or less, compared with only one in six participants with a
history of poor blood glucose control. This finding suggests that good glycemic control strongly influences the likelihood
of achieving the target HbAlc level in the future.

In this specific cohort, the participants’” educational level, presence of depression, food awareness, and physical activity
had no effect on achieving glycemic control. Of these factors, only depression scores were significantly higher in the
group with poor glycemic control at the beginning of the study. However, this did not affect the outcomes at the end of
the study period. It can be assumed that all groups with poor glycemic control have a high rate of these variables in a
negative direction from the beginning, and that they therefore have no influence on the outcome.

During the study, patients had easy access to medical doctors and diabetes education nurses. Dietitian support was
provided in the form of recommendations. Participants were referred to dietitians as needed or at the patient’s request as
part of their usual care. Health insurance only covered ten minutes of nutritional counselling, and participants were
encouraged to take advantage of other alternatives. At the end of the study, only a quarter of the patients, evenly
distributed between groups, stated that they had visited a dietician at least twice. The factors that hinder dietary
adherence in individuals with uncontrolled type 2 diabetes are still under investigation. The modification of dietary
patterns has several intriguing facets[10,34,35]. This emphasizes the importance of addressing these barriers and
providing education and support to patients with type 2 diabetes so that they can overcome these challenges and
successfully adhere to a healthy diet. Although almost half of the participants had lost at least one kilogram of weight by
the end of the year, no significant weight change was observed throughout the study. Weight change also had no effect
on HbAlc levels.

Medication prescriptions were also analyzed to assess medication intensification when needed to achieve glycemic
targets. There was no difference in the frequency of prescription of DPP-IV inhibitors, pioglitazone, and SGLT?2 inhibitors,
whereas metformin, basal insulin, basal-bolus insulin, and mixed insulin were used more frequently in patients whose
HbAlc levels did not reach the target. When analyzing medication use in the predefined groups, DPP-IV inhibitors, basal
insulin, and mixed insulin were more frequently prescribed to participants whose HbAlc levels had been poorly
controlled for a long time. Most patients adhered to the treatment recommendations of their physicians and no
differences were observed between the groups. Medication adherence is a challenging problem, and even in participants
with newly diagnosed diabetes who have a relatively short duration of diabetes, the prevalence of medication adherence
can be as high as 65%[36].

This study has some limitations. First, patient adherence and compliance were not assessed in this study. In addition,
the participants” self-reports were used to assess lifestyle changes. Patients received advice and counselling based on their
answers to the questionnaires at baseline. However, no follow-up was conducted at the end of treatment to determine the
effectiveness of these interventions. Glucagon-like peptide-1 analog reimbursement issues resulted in a low preference
rate for the drug. Although patients were actively sought out and referred for visits, the study lost patients to follow-up,
even though they were evenly distributed among the groups. This highlights the challenges of diabetes management and
the need to improve patient understanding and behavior towards the disease.
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One of the strengths of this study was that all participants had health insurance and received frequent follow-up visits
and appointments to ensure convenient access to medication and medical advice. In this study, patients with poorly
controlled type 2 diabetes were monitored consistently and thoroughly, including regular follow-up visits and close
monitoring of glycemic control, to adjust treatment strategies in a timely manner. In addition, patients were categorized
based on their previous glycemic control, which helped to identify differences in diabetes progression and response to
treatment, ultimately increasing the effectiveness of the intervention. Furthermore, the study utilized a multidisciplinary
team approach, including diabetes nurse educators, to provide comprehensive care to patients and help them manage
their diseases effectively. Finally, the study explored the difference between effectiveness in clinical trials and effect-
iveness in practice, focusing on understanding how diabetes treatments are performed under conditions other than trials.

It is important not to simply label diabetes as poorly controlled but to identify the specific type of poor control to
predict the effectiveness of treatment and tailor diabetes management accordingly. Therefore, a comprehensive approach
beyond medical intervention is required. This includes addressing psychosocial factors and providing support in areas
such as lifestyle modifications, self-management, and behavioral changes[37]. A recent study examining persistent poor
glycemic control in people with type 2 diabetes in developing countries stated that glycemic control remained inadequate
over a 12-year period, and that better organization of care and additional measures to improve glycemic control, person-
alized treatment strategies, early intervention, and comprehensive management approaches, including self-management
and achievement of treatment goals, are needed[38].

Our study underscores the major impact of previous glycemic control on the likelihood that patients with poorly
controlled type 2 diabetes will achieve their HbAlc target. This finding has significant implications for clinical practice
and urges a paradigm shift from a one-size-fits-all approach to personalized diabetes management. Clinicians should
prioritize a thorough assessment of a patient's glycemic history, going beyond a single HbAlc measurement, to
understand the patient’s long-term trajectory. This can be achieved by reviewing past medical records, engaging patients
in conversations about their experience with diabetes management and using technology to track and visualize glycemic
trends. This individualized understanding can lead to tailored interventions. For example, patients with persistently poor
control, often characterized by therapeutic inertia and adherence issues, may benefit from more intensive monitoring or
behavioral interventions.

Conversely, patients who have had good glycemic control in the past, even if not newly diagnosed, are more likely to
reach HbAlc targets[30]. Recognizing this pattern can reinforce positive behaviors and encourage continued adherence to
treatment plans. Furthermore, consistent with Karpati et al[31], our results suggest that personalized glycemic targets
may be warranted. Patients whose HbAlc levels progressively worsen and who have difficulty achieving the traditional
< 7% target may have better treatment success and lower risk of complications with alternative, achievable targets.

Future research should focus on the development and validation of tools to efficiently identify different glycemic
trajectories and personalize treatment targets and interventions. This approach has the potential to transform diabetes
care, moving away from reactive management towards proactive, individualized strategies that empower patients and
improve long-term health outcomes.

CONCLUSION

In conclusion, in patients with poorly controlled type 2 diabetes, different glycemic backgrounds led to different success
rates in achieving glycemic goals, with the most favorable results in individuals with newly diagnosed diabetes. These
findings suggest that understanding the challenges of achieving glycemic goals through assessment of the patient’s
glycemic background may increase the likelihood of effectively managing poorly controlled diabetes. In addition,
studying cohorts of patients categorized by their glycemic history may improve our understanding of the barriers that
each group encounters in achieving glycemic control. It should be recognized that the same approach in persistently
poorly controlled individuals may not lead to similar successes as in those who have recently deteriorated.
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