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Purpose: This study aimed to investigate the prevalence, predictors, and clinical consequences of delayed insulin initiation in patients
with type-2 diabetes mellitus in a tertiary care setting.

Patients and Methods: A retrospective cohort study was conducted in 973 adults with type-2 diabetes mellitus with initiated insulin
therapy between January 1, 2004 and December 31, 2023 at a university hospital in southern Thailand. Delayed insulin initiation was
defined as insulin initiation >6 months after documented treatment failure (glycated hemoglobin >7% on oral agents), reflecting
clinical inertia. Logistic regression was used to identify the predictors of delay. Time-to-event analyses and restricted mean survival
time were used to compare diabetes-related complications between groups.

Results: Delayed insulin initiation occurred in 35% of the patients. Independent predictors included higher body mass index, longer
duration of diabetes, biguanide use, and diuretic use, whereas dipeptidyl peptidase-4 inhibitor use was associated with timely initiation.
Although no significant differences were observed in overall macrovascular or microvascular complication rates, delayed initiation
was significantly associated with increased amputation risk (hazard ratio: 2.33; 95% confidence interval: 1.07-5.07) and earlier onset
of microvascular complications within the 10-15-year window (restricted mean survival time difference: —0.56 years, p=0.043).
Conclusion: Delayed insulin initiation is common and linked to identifiable clinical characteristics and adverse outcomes, including
increased risk of amputation and earlier microvascular complications. Prioritizing timely insulin initiation is essential to reduce long-
term complications and preserve limb health, particularly in high-risk individuals.

Keywords: clinical inertia, delayed insulin initiation, diabetes complications, retrospective cohort study, type 2 diabetes mellitus

Introduction
Diabetes mellitus is one of the most prevalent and growing non-communicable diseases globally, posing a critical public health
challenge. In 2019, the global prevalence of diabetes among adults aged 20—79 years was estimated to be 9.3% (463 million
people) and is projected to increase to 10.2% (578 million) by 2030 and 10.9% (700 million) by 2045 if no substantial
interventions are implemented." Thailand faces a similarly concerning trend, with the Ministry of Public Health reporting
a prevalence of 11.6% in 2021 among individuals aged >15 years, which is higher than the global average. An important goal in
managing type-2 diabetes mellitus (T2DM) is preventing complications through timely and adequate glycemic control. However,
many patients fail to achieve their glycemic targets because of a phenomenon known as clinical inertia.

Clinical inertia is defined as failure to initiate or intensify therapy despite suboptimal glycemic control. This issue is
multifactorial, involving both patient-related barriers (such as limited health literacy, psychological resistance, or
adherence challenges) and system-level factors such as provider hesitancy, time constraints, and limited healthcare
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infrastructure.”* Globally, clinical inertia affects a significant proportion of patients with T2DM, with prevalence rates of
60.6%, 45.6%, and 68.4% in the United States, United Kingdom, and Thailand, respectively.4

Insulin therapy is a cornerstone of diabetes management for individuals who do not achieve adequate glycemic
control with oral hypoglycemic agents or have contraindications to their use. Timely initiation of insulin therapy reduces
hyperglycemia and mitigates long-term complications. However, initiation is often delayed in routine clinical practice.
For instance, a study in the United States found that only 40.7% of patients with poor glycemic control initiated insulin
therapy within 6 months of indication.” Similar delays have been reported in other regions including the United Kingdom
and East Asia. A large population-based study in the United Kingdom found that many patients experienced substantial
delays after oral therapy failure, often extending for several years, despite existing complications.® In Southeast China,
delayed insulin initiation was associated with significantly lower odds of achieving glycated hemoglobin (HbAlc) levels
<7%, compared with timely initiation,” whereas a Korean prospective study identified both patient- and physician-related
factors contributing to therapeutic inertia.® Prolonged hyperglycemia is associated with an increased risk of microvas-
cular and macrovascular complications. Studies have linked clinical inertia to adverse outcomes, including an increased
risk of complications such as diabetic nephropathy.” Moreover, early attainment of glycemic targets has been associated
with improved long-term durability of control and a reduced risk of complications.'® However, although prior studies
have examined the timing of insulin initiation, few have assessed its real-world clinical outcomes using survival analysis,
particularly in low- and middle-income countries.

Therefore, in this study, we aimed to examine the time from treatment indication to insulin initiation and its
association with the occurrence of diabetes-related complications. In addition, this study investigated the prevalence
and duration of delayed insulin initiation among patients with T2DM, explored the clinical factors associated with such
delays, and quantified their impact through a retrospective time-to-event analysis in a real-world cohort. These insights
may support timely therapeutic interventions and inform strategies for improving long-term diabetes management.

Materials and Methods
Study Design and Setting

This retrospective cohort study was conducted at Songklanagarind Hospital, a tertiary care center in southern Thailand.
The study included adult patients with T2DM with initiated insulin therapy between January 1, 2004 and December 31,
2023. Data were retrieved from the electronic medical records of the hospital. The research protocol was approved by the
Human Research Ethics Committee of the Faculty of Medicine, Prince of Songkla University (REC 67-229-9-4), a duly
constituted ethics committee in accordance with institutional guidelines. The study was conducted in compliance with the
principles of the Declaration of Helsinki. The requirement for informed consent was waived due to the retrospective
nature of the study.

Study Population

Eligible participants were adults (aged >18 years) diagnosed with T2DM who had a recorded HbAlc level >7% prior to
insulin initiation. Patients were excluded if they had (1) diabetes types other than T2DM, (2) insulin use during pregnancy, (3)
insulin use for <6 months, (4) advanced-stage terminal illnesses (such as advanced cancer, chronic obstructive pulmonary
disease, or end-stage organ disease), (5) autoimmune diseases, or (6) long-term systemic steroid use (>3 months).

Data Collection and Variables

Demographic and clinical data were collected from electronic medical records and included age, sex, body mass index
(BMI), type of healthcare coverage, religion, and clinical setting (such as endocrine or primary care). Additional clinical
variables included baseline HbAlc level, duration of diabetes, and selected comorbidities, such as hypertension,
dyslipidemia, and chronic kidney disease (CKD), as well as smoking status. Data on the initial insulin dose and prior
use of medications, specifically biguanides, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1)
receptor agonists, sodium-glucose cotransporter-2 (SGLT2) inhibitors, angiotensin-converting enzyme inhibitors (ACEIs)
or angiotensin receptor blockers (ARBs), and diuretics, were also recorded.
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For the purposes of this study, “delayed insulin initiation” is operationally defined as “clinical inertia”, referring to the
failure to escalate treatment when oral antidiabetic agents are no longer sufficient to maintain glycemic control. This is
defined as insulin initiation occurring >6 months after a documented HbAlc level >7%. Patients were categorized into
two groups based on the time interval from treatment failure to insulin initiation: the no-inertia (<180 days) and inertia
(=180 days) groups.

The primary outcome was the first documented occurrence of macrovascular or microvascular complications.
Macrovascular outcomes included myocardial infarction, heart failure, stroke, peripheral artery disease, and lower-limb
amputation, whereas microvascular outcomes included diabetic retinopathy, nephropathy, and neuropathy. These outcomes
were identified through physician-documented diagnoses and confirmed using the International Classification of Diseases,
10th Revision codes. All clinical diagnoses and their timing were manually verified by the research team through a review
of both structured codes and physician documentation. Patients were followed up from the date of insulin initiation until the
first recorded diabetes-related complication, death, or the end of the follow-up period (on December 31, 2024).

Statistical Analysis

All statistical analyses were performed using R software (version 4.3.1; R Foundation for Statistical Computing, Vienna,
Austria). Descriptive statistics were used to summarize the baseline characteristics. Continuous variables are reported as
mean with standard deviation or median with interquartile range and categorical variables as frequency and percentage.
Comparisons between groups were conducted using Student’s #-test or Wilcoxon rank-sum test for continuous variables
and chi-squared or Fisher’s exact test for categorical variables. Normality was assessed as appropriate using distributional
inspection (histograms and Q—Q plots) and the Shapiro—Wilk test. Multivariable logistic regression was performed to
identify the factors associated with clinical inertia, with the results presented as adjusted odds ratios (ORs) and 95%
confidence intervals (CIs). Time-to-event analyses were conducted using Kaplan—Meier survival curves and compared
using Log rank test. Cox proportional hazards regression models were used to assess the association between delayed
insulin initiation and the risk of diabetes-related complications, reporting hazard ratios (HRs) with 95% Cls. Statistical
significance was defined as a two-sided p-value <0.05. Restricted mean survival time (RMST) analysis was also
performed to compare groups within the prespecified 10-15-year window (t = 5 years). Statistical significance was
defined as a two-sided p-value <0.05.

Results

Baseline Characteristics

Among the 1,886 patients reviewed, 973 met the inclusion criteria. Table 1 summarizes their baseline characteristics;
their mean age was 61.8 years, 52.3% were women, and their median BMI was 25.7 kg/m*. The median duration of
diabetes was 7.25 years, and the median HbAlc level prior to insulin initiation was 9.6%. Overall, 35% of patients
(n=337) had delayed insulin initiation (=6 months), whereas 65% (n=636) were initiated within 6 months. Patients in the
inertia group had significantly higher BMI (26.4 vs 25.4 kg/m* p=0.002) and longer duration of diabetes (7.62 vs 7.02
years, p=0.009), compared with those in the no-inertia group. Baseline HbAlc level and age were similar between the
groups. CKD was more common in the no-inertia group than in the inertia group (36.9% vs 29.4%, p=0.022), particularly
at stage >IV (11% vs 3%, p<0.001). Other comorbidities, including hypertension, dyslipidemia, neuropathy, and
retinopathy showed no significant intergroup differences.

Patients in the inertia group were more likely to use biguanides (86.9% vs 75.5%, p<0.001), ACEIs/ARBs (46.9% vs
39.0%, p=0.021), and diuretics (29.4% vs 23.9%, p=0.075), compared with those in the no-inertia group. DPP-4 inhibitor
use was higher in the no-inertia group than in the inertia group (15.9% vs 9.2%, p=0.005). The initial insulin doses were
similar (median, 10 units; p=0.981) between the groups. Other characteristics such as clinic type, religion, smoking
status, and healthcare coverage were comparable between the groups.
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Table | Baseline Characteristics Comparing Patients in the Inertia and No-Inertia Groups

Characteristic No-Inertia Group N (%) | Inertia Group N (%) | Total N (%) p-value

Total 636 (65) 337 (35) 973 (100)

Age, mean (SD) 62 (11.5) 61.4 (12.1) 61.8 (11.7) 0.41

Sex

Female 320 (50.3) 189 (56.1) 509 (52.3) 0.1

Male 316 (49.7) 148 (43.9) 464 (47.7)

BMI, median (IQR) 25.4 (22.8-28.8) 26.4 (23.9-29.6) 25.7 (23.1-29.1) 0.002*

Welfare

Civil servant medical benefit scheme 358 (56.3) 189 (56.1) 547 (56.2) 0.958

Social security scheme 31 (49) 18 (5.3) 49 (5)

Universal coverage scheme 101 (15.9) 50 (14.8) 151 (15.5)

Self-pay 146 (23) 80 (23.7) 226 (23.2)

Religion

Buddhism 564 (88.7) 298 (88.4) 862 (88.6) 0.711

Christianity 3 (0.5) 3 (0.9) 6 (0.6)

Islam 69 (10.8) 36 (10.7) 105 (10.8)

Clinic

Endocrine clinic 230 (36.2) 124 (36.8) 354 (36.4) 0.25

Internal medicine clinic 323 (50.7) 156 (46.3) 479 (49.2)

Primary care unit 83 (13.1) 57 (16.9) 140 (14.4)

Smoking Status

Never smoker 153 (24.1) 78 (23.1) 231 (23.7) 0.686

Current smoker 26 (4.1) 10 (3) 36 (3.7)

Former smoker 62 (9.7) 29 (8.6) 91 (9.4)

Missing data 395 (62.1) 220 (65.3) 615 (63.2)

Duration of T2DM (years) Median (IQR) 7.02 (3.9-10.99) 7.62 (4.89-11.73) 7.25 (4.22-11.21) | 0.009*

HbAlc (mg%) at baseline Median (IQR) 9.5 (8.2-10.8) 9.6 (8.6-10.8) 9.6 (8.4-10.8) 0.191

Comorbidities

Hypertension 402 (63.2) 226 (67.1) 628 (64.5) 0.26

Dyslipidemia 415 (65.3) 228 (67.7) 643 (66.1) 0.495

Cancer I (1.7) 8 (2.4) 19 (2) 0.654

Fatty liver 26 (4.1) I (3.3) 37 (3.8) 0.643

Valvular heart disease 10 (1.6) 1 (0.3) I (1.1) 0.109

Chronic kidney disease 235 (36.9) 99 (29.4) 334 (34.3) 0.022*
Stage IlIA 66 (10.4) 41 (12.2) 107 (I1) 0.459
Stage I1IB 99 (15.6) 48 (14.2) 147 (15.1) 0.65
Stage 2IV 70 (11) 10 (3) 80 (8.2) <0.001*

Diabetic neuropathy 48 (7.5) 25 (7.4) 73 (7.5) |

Diabetic retinopathy 183 (35.2) 84 (31.7) 267 (34) 0.369

Medication used before insulin initiation

Biguanide 480 (75.5) 293 (86.9) 773 (79.4) <0.001*

Sulfonyl urea 522 (82.1) 267 (79.2) 789 (81.1) 0.321

Thiazolidinediones 211 (33.2) 107 (31.8) 318 (32.7) 0.705

GLP-1 agonist I (1.7) 1 (0.3) 12 (1.2) 0.067

Alpha-glucosidase inhibitor 23 (3.6) 11 (3.3) 34 (3.5) 0919

SGLT?2 inhibitor 24 (3.8) 5(1.5) 29 (3) 0.072

DPP-4 inhibitor 101 (15.9) 31 (9.2) 132 (13.6) 0.005*

ACEI/ARB 248 (39) 158 (46.9) 406 (41.7) 0.021*

Calcium-channel blocker 232 (36.5) 109 (32.3) 341 (35) 0.224

Beta blocker 235 (36.9) 119 (35.3) 354 (36.4) 0.663

Diuretic 152 (23.9) 99 (29.4) 251 (25.8) 0.075

Other antihypertensive medications” 69 (10.8) 22 (6.5) 91 (94) 0.037*

(Continued)
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Table | (Continued).

Characteristic No-Inertia Group N (%) | Inertia Group N (%) | Total N (%) p-value
Statin 482 (75.8) 251 (74.5) 733 (75.3) 0.71
Non-statin 51 (8) 28 (8.3) 79 (8.1) 0.973
Antiplatelet/anticoagulant 252 (39.6) 130 (38.6) 382 (39.3) 0.803
Insulin initiation dose (unit) Median (IQR) | 10 (6-10) 10 (6-10) 10 (6-10) 0.981

Notes: * p-value <0.05, Continuous variables were compared using Student’s t-test or Wilcoxon rank-sum test, as appropriate. Categorical variables were compared
using chi-square or Fisher’s exact test. # Other antihypertensive medications include hydralazine, methyldopa, isosorbide dinitrate, doxazosin, prazosin, tamsulosin.
Abbreviations: SD, standard deviation; BMI, body mass index; IQR, interquartile range; T2DM, type-2 diabetes mellitus; HbA I ¢, glycated hemoglobin; DPP-4,
dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-I; SGLT2, sodium-glucose cotransporter-2; ACEI, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin receptor blocker.

Factors Associated with Clinical Inertia

Table 2 presents the results of the multivariable logistic regression analysis examining the factors associated with delayed
insulin initiation. The model was developed using a backward stepwise selection approach and adjusted for age, sex,
BMI, diabetes duration, baseline HbAlc level, diabetic nephropathy, CKD, and use of relevant medications, including
biguanides, GLP-1 receptor agonists, SGLT2 inhibitors, DPP-4 inhibitors, ACEIs/ARBs, and diuretics. Patients with
a BMI >25 kg/m” were significantly more likely to experience clinical inertia (adjusted OR: 1.44; 95% CI: 1.08-1.93;
p=0.013), compared with patients with a BMI <25 kg/m>. A diabetes duration >5 years was also associated with delayed
insulin initiation (adjusted OR: 1.62; 95% CI: 1.17-2.24; p=0.004). Biguanide (adjusted OR: 2.29; 95% CI: 1.54-3.41;
p<0.001) and diuretic use (adjusted OR: 1.61; 95% CI: 1.16-2.24; p=0.005) were similarly associated with increased
odds of delay. In contrast, DPP-4 inhibitor use was associated with a significantly lower likelihood of clinical inertia
(adjusted OR: 0.53; 95% CI: 0.34-0.84; p=0.006). The use of GLP-1 receptor agonist and SGLT2 inhibitor was not
significantly associated with delayed insulin initiation in the adjusted model.

Diabetes-Related Complications and Clinical Inertia
The incidence of diabetes-related complications was compared between the inertia and no-inertia groups (Table 3).
Macrovascular complications occurred in 36.2% of patients with delayed insulin initiation versus 33.0% of those with
timely initiation, although the difference was not significant (p=0.355). Among the individual macrovascular outcomes,
ischemic stroke (22.2% vs 16.5%, p=0.046) and lower-limb amputation (4.5% vs 1.7%, p=0.022) were significantly more
common in the inertia group versus the no-inertia group. The overall incidence of microvascular complications was
comparable between the groups (60.9% and 59.1% in the inertia and no-inertia groups, respectively, p=0.658). No
significant differences were found in the individual outcomes of diabetic retinopathy, neuropathy, or nephropathy.

To further evaluate these associations, a Cox proportional hazards model was used (Table 4). After adjusting for relevant
covariates, delayed insulin initiation was not significantly associated with the composite risk of macrovascular (HR: 1.09;

Table 2 Multivariable Logistic Regression Analysis for Factors Associated with Clinical Inertia

Variable (vs Reference Group) | OR (95% CI) Adjusted OR (95% CI) | p-value
>25 kg/m? vs <25 kg/m? (ref.) 1.51 (1.14-2.00) | 1.44 (1.08-1.93) 0.013*
>5 years vs <5 years (ref.) 1.46 (1.06-2.00) | 1.62 (1.17-2.24) 0.004*
Biguanide use vs no use (ref.) 2.07 (1.42-3.03) | 2.29 (1.54-3.41) <0.001*
GLP-I agonist use vs no use (ref.) 0.16 (0.02-1.28) | 0.20 (0.02-1.58) 0.126
SGLT2 inhibitor use vs no use (ref.) | 0.37 (0.14-0.99) | 0.47 (0.17-1.30) 0.147
DPP-4 inhibitor use vs no use (ref.) | 0.51 (0.33-0.79) | 0.53 (0.34-0.84) 0.006*
Diuretic use vs no use (ref.) 1.45 (1.07-1.98) | 1.61 (1.16-2.24) 0.005*

Notes: *p-value <0.05, Adjusted for age, sex, BMI, diabetes duration, baseline HbA | ¢, diabetic nephropathy, CKD, and
medication use (biguanides, GLP-1 receptor agonists, SGLT2 inhibitors, DPP-4 inhibitors, ACEIs/ARBs, and diuretics).
Abbreviations: OR, odds ratio; Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-|; SGLT2, sodium-glucose cotransporter-2.
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Table 3 Incidence of Diabetes-Related Complications in Patients with and without Clinical Inertia

Diabetic Complication Inertia Group (n=337) | No-inertia Group (n=636) | Total (n=973) | p-value
N (%) N (%) N (%)

Composite of macrovascular complications | 122 (36.2) 210 (33) 332 (34.1) 0.355
Ischemic heart disease 38 (13.3) 68 (12.9) 106 (13) 0.947
Heart failure 50 (15.8) 81 (13.8) 131 (14.5) 0.463
Ischemic stroke 68 (22.2) 92 (16.5) 160 (18.5) 0.046*
Peripheral artery disease 22 (6.6) 46 (7.3) 68 (7.1) 0.778
Amputation 15 (4.5) I (1.7) 26 (2.7) 0.022 *
Composite of microvascular complications 181 (60.9) 343 (59.1) 524 (59.7) 0.658
Diabetic retinopathy 97 (48) 154 (41.7) 251 (44) 0.174
Diabetic neuropathy 31 (9.9) 50 (8.5) 81 (9) 0.554
Diabetic nephropathy 89 (38.9) 141 (36.2) 230 (37.2) 0.557

Notes: *p-value <0.05, Group comparisons were performed using chi-square test or Fisher’s exact test, as appropriate.

Table 4 Cox Proportional Hazards Model for the Effect of Clinical
Inertia on Diabetes-Related Complications

Diabetes-Related Complications HR (95% CI) p-value
Composite of macrovascular complications | 1.09 (0.84-1.42) | 0.52
Ischemic heart disease 0.94 (0.63—1.4) 0.775
Heart failure 1.06 (0.74-1.51) | 0.754
Ischemic stroke 1.23 (0.9-1.69) 0.191
Peripheral artery disease 0.82 (0.49-1.37) | 0.448
Amputation 2.33 (1.07-5.07) | 0.034*
Composite of microvascular complications | 1.26 (0.97-1.64) | 0.08
Diabetic retinopathy 1.0l (0.79-1.31) | 0917
Diabetic neuropathy 1.07 (0.69-1.68) | 0.755
Diabetic nephropathy 1.02 (0.78-1.32) | 0911

Notes: * p-value <0.05.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

95% CI: 0.84—1.42; p=0.52) or microvascular complications (HR: 1.26; 95% CI: 0.97—-1.64; p=0.08). However, a significant
association was observed between delayed insulin initiation and increased risk of lower-limb amputation (HR: 2.33; 95% CI:
1.07-5.07; p=0.034), suggesting a potential consequence of prolonged hyperglycemia and therapeutic delay. Kaplan—-Meier
survival curves (Figures 1-3) illustrate the time-to-event differences between the groups for macrovascular and micro-
vascular outcomes and amputation. Figure 4 shows the restricted mean survival time (RMST) for microvascular complica-
tions within the 10—15-year landmark window, which was significantly shorter in the inertia group than in the no-inertia
group (4.06 vs 4.62 years; p=0.043), corresponding to a mean difference of 0.56 years (approximately 7 months) in
complication-free survival and highlighting the clinically meaningful long-term impact of therapeutic delay.

To explore whether longer delays further worsen outcomes, we conducted an exploratory analysis by stratifying the
inertia group by delay duration. Kaplan—-Meier curves for this analysis (Supplementary Files 1-2) showed no significant

differences in event-free survival between the subgroups. However, we observed a non-significant trend suggesting that
prolonged delays may be associated with a higher risk of complications. Supplementary Files 3-9 illustrate the survival

curves for individual complication outcomes (such as ischemic heart disease, heart failure, and diabetic retinopathy),
which show consistent directions of risk across complications but without statistical significance in most cases.

Discussion
This 20-year retrospective cohort study highlighted the predictors and clinical consequences of delayed insulin initiation
therapy in patients with T2DM in a real-world tertiary care setting. Patients in the inertia group were more likely to have
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Survival Probability
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Time (Years)

Figure | Kaplan—Meier survival curve showing composite macrovascular complications stratified by inertia group.
Abbreviation: IQR, interquartile range.

Survival Probability
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0.50-
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Figure 2 Kaplan—Meier survival curve showing composite microvascular complications stratified by inertia group.
Abbreviation: IQR, interquartile range.

a higher BMI, longer duration of diabetes, and concurrent use of biguanides or diuretics. The observed prevalence in our

study is comparable to that reported in previous research, which found rates ranging from 27.8% to 30% in tertiary

hospital settings when using similar 6-month delay definitions.” Other studies have documented even longer delays

before insulin initiation, often using different criteria such as HbAlc level >8% and failure on two or more oral agent

use.* These differences in the reported prevalence may be attributed to the varying definitions of clinical inertia and

differences in treatment-intensification protocols across healthcare systems.
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Strata =+ inertia=inertia == inertia=no inertia
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Figure 3 Kaplan—Meier survival curve showing the occurrence of amputation stratified by inertia group.

B p = 0.043

4.62 (4.38-4.87)

4.06 (3.58-4.54)

Inertia No Inertia

N

Restricted Mean Survival Time (Years)
N

Figure 4 Restricted mean survival time from the occurrence of microvascular complication. P-value derived from RMST-based between-group comparison.

Several factors were significantly associated with delayed insulin initiation. Higher BMI was linked to clinical inertia,
which is consistent with the findings of previous studies that highlighted concerns regarding insulin-associated weight
gain as a barrier to starting therapy.®'""'? This may reflect a clinical tendency to postpone insulin initiation in patients
with obesity in the hope that further lifestyle modifications might improve glycemic control. Similarly, a longer duration
of diabetes was independently associated with inertia, which is consistent with previous findings.**'*'* Most studies
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reported this association descriptively, whereas one study offered possible explanations, suggesting that longer disease
duration may be accompanied by an increased fear of lifelong insulin dependence, stigma surrounding public injections,
and concerns regarding treatment costs.'”

In this study, the continued use of metformin at the time of insulin initiation was significantly associated with clinical
inertia. Metformin is typically maintained unless contraindicated, as recommended in clinical guidelines.'® Its persistence
may reflect a treatment approach in which glycemic control is perceived as adequate with oral agents. Prior research has
shown that inertia is common among metformin-treated patients without contraindications, particularly when HbAlc
level elevation is modest.'” This pattern may be explained by status-quo bias and decision uncertainty among providers,
which are recognized as contributors to therapeutic inertia.'® A higher prevalence of CKD was observed in the no-inertia
group, possibly reflecting earlier metformin discontinuation and limited oral-agent intensification, which may have led to
timely insulin initiation. However, CKD was not retained in the final multivariable model, suggesting that it may not
have been an independent driver of the association. Diuretic use has also been associated with delayed initiation of
insulin. This likely reflects the presence of comorbidities, such as hypertension, heart failure, or CKD, which often
require polypharmacy and complex management. In these cases, providers may hesitate to initiate insulin therapy instead
of choosing to optimize current treatments. The link between increased clinical complexity, polypharmacy, and ther-
apeutic inertia has been well-documented in diabetes care.* Conversely, DPP-4 inhibitor use was associated with
a reduced likelihood of clinical inertia. These agents are typically added after the failure of standard oral therapies.
A Thai cost-effectiveness analysis found that they were less favorable for monotherapy in older adults, potentially
limiting their accessibility.'® Their use may indicate more complex cases, in which multiple agents have already been
used, thereby increasing the likelihood of timely treatment escalation. Although we identified several clinical predictors
of inertia, the underlying reasons are likely multifactorial and extend beyond measurable clinical characteristics. Patient-
level barriers such as fear of injections, stigma, and concerns regarding long-term dependence may be reinforced by
misinformation or misconceptions about insulin, leading to reluctance toward timely initiation.”’*' These informational
and behavioral determinants were not directly measured in our dataset and should be evaluated in future prospective or
mixed-methods studies.

Among the individual complications, lower-limb amputation emerged as a key adverse outcome, occurring signifi-
cantly more often in the inertia group and remaining associated with delayed insulin initiation after multivariable
adjustment. This aligns with prior evidence showing that poor glycemic control, as indicated by elevated HbAlc level,
is strongly associated with an increased risk of lower-limb amputation in patients with diabetes.”' >* This association is
supported by pathophysiological mechanisms involving peripheral neuropathy, microvascular dysfunction, arterial
insufficiency, and impaired wound healing, which together contribute to ulcer development and delayed tissue repair.”
Our findings extend this understanding by showing that delayed insulin initiation is significantly associated with
amputation risk, suggesting that failure to escalate therapy in a timely manner may lead to persistent hyperglycemia
and an increased risk of limb-threatening outcomes. To reduce preventable amputations, efforts should focus on the early
identification of high-risk patients through foot examinations and vascular assessments, along with timely treatment
escalation. Patient education is essential to address the fear of injections and misinformation, particularly among those
with peripheral artery disease, prior ulcers, or neuropathy.

Despite a comprehensive analysis, no significant differences were found between the delayed and timely insulin-
initiation groups regarding the incidence of macrovascular and microvascular complications based on both Cox regres-
sion and Kaplan—Meier analyses. The median follow-up period in our study may not have been sufficient to fully capture
the long-term progression of chronic vascular complications. Nonetheless, the trends observed in both the main analysis
and supplementary files suggest worse outcomes with longer delays, particularly in the inertia group. The null findings

for composite endpoints should be interpreted cautiously. Composite outcomes may dilute effects when individual
complications differ in latency, baseline risk, and causal pathways. In addition, competing events (eg, death) and residual
confounding inherent to retrospective real-world data may attenuate observable associations. Notably, the consistent
direction of effect across several outcomes and the significant associations for amputation and RMST-derived earlier
microvascular events support a clinically meaningful impact of prolonged hyperglycemia and delayed escalation.
Previous cohort studies with longer follow-ups, such as a 13-year analysis of newly diagnosed diabetes in Lithuania,
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documented a significant cumulative incidence of microvascular complications and peripheral artery disease, most
notably 9 years after diagnosis.”® Another community-based study reported that clinical inertia was associated with
a 50% increased risk of diabetic nephropathy over a similar timeframe.” However, unlike these studies, our research
uniquely focused on the timing of escalation from oral therapy to insulin, highlighting therapeutic inertia in initiation
rather than in intensification. Although the outcomes may appear similar, our work underscores the actionable insight that
delaying insulin initiation may pose significant long-term risks.

Our RMST analysis further emphasized the clinical burden of delayed insulin initiation, revealing shorter complica-
tion-free survival in the inertia group. Although traditional HRs did not show significant differences for some outcomes,
RMST offered a more interpretable and clinically relevant metric that captured the cumulative impact of therapeutic
delay. These findings support the value of RMST in evaluating long-term outcomes and guiding timely decision-making
in diabetes management. Intensive glycemic control having limited benefits in advanced-stage diabetes is
a misconception. However, landmark trials such as the UK Prospective Diabetes Study, Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation, and the Diabetes Control and
Complications Trial/Epidemiology of Diabetes Interventions and Complications have shown that glycemic control
provides long-term vascular protection.”’ >° This benefit persists even after glycemic targets are relaxed, through
a “legacy effect.” Therefore, insulin initiation should be reframed not as a last resort, but as a proactive strategy for
organ preservation, particularly in patients at high risk for vascular complications.

This study offers real-world evidence on the predictors and consequences of delayed insulin initiation in a large
cohort of patients with T2DM over a 20-year period. It is the first to apply survival analysis specifically to insulin-related
clinical inertia, evaluating both macrovascular and microvascular outcomes. Its key strengths include the use of long-
term electronic health records and outcome validation through a manual review of clinical documentation. This study
also employed multiple analytical methods such as Cox regression and RMST to assess the timing and burden of
complications. Distinguishing delays in insulin initiation from broader treatment intensification provides a focused and
clinically actionable perspective.

However, this study has some limitations. As this was a single-center retrospective study conducted in a tertiary
hospital, generalizability may be limited. Residual confounding from unmeasured factors such as socioeconomic status or
patient preferences is possible. The data relied on medical records, which may have been incomplete or delayed.
Psychosocial variables were not included, and the follow-up period may not have fully captured the long-term
complications. Time-varying covariates were not modelled and key variables were fixed at baseline, potentially limiting
causal interpretation. Additionally, this study did not quantify the strength of the association between clinical inertia and
diabetic complications.

Future studies should incorporate clinical-, behavioral-, and system-level variables to enhance the prediction of
therapeutic inertia. Prospective research designs are warranted to assess the effectiveness of structured interventions
including early escalation protocols, multidisciplinary care models, and targeted patient education. An integrated
approach combining timely insulin initiation with comprehensive chronic disease management may reduce preventable

complications and improve long-term health outcomes.

Conclusion

This study showed that delayed insulin initiation, an indicator of clinical inertia, is common and associated with higher
BMI, longer diabetes duration, and continued use of biguanides and diuretics. Although no significant differences were
observed in the overall rates of macrovascular or microvascular complications, delayed initiation was linked to a higher
risk of lower-limb amputation and an earlier onset of microvascular complications. These findings underscore the need
for timely escalation of treatment to prevent avoidable outcomes. Insulin treatment should be viewed as a proactive
intervention, especially for high-risk patients. Strategies that support earlier risk identification, provider action, and
patient engagement are essential for reducing inertia and improving long-term diabetes outcomes.
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