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Introduction: Glycated hemoglobin (HbA1c) has long been the standard marker for 

assessing long-term glycemic control in patients with type 2 diabetes mellitus 

(T2DM). However, it does not reflect glycemic variability or daily glucose 

fluctuations. Time in Range (TIR), derived from continuous glucose monitoring 

(CGM), has emerged as a complementary metric that may better predict diabetes-

related complications. This study evaluated the association between TIR and 

microvascular complications and compared its predictive performance with HbA1c. 

Materials and Methods: A hospital-based cross-sectional observational study was 

conducted from May 2024 to May 2025 among 150 adults with T2DM. 

Demographic and clinical data, HbA1c, and CGM-derived metrics including TIR, 

Time Above Range (TAR), Time Below Range (TBR), mean glucose, and glycemic 

variability were recorded. Participants were evaluated for diabetic retinopathy, 

nephropathy, and neuropathy. Statistical analysis included Chi-square test, 

independent t-test, Pearson's correlation, multivariable logistic regression, and 

receiver operating characteristic (ROC) curve analysis. 

Results: The mean HbA1c was 8.32 ± 1.34%, while the mean TIR was 58.4 ± 

17.2%. Microvascular complications were present in 54.7% of participants, with 

neuropathy being the most common (40.7%). Lower TIR showed a significant 

association with increased microvascular complications (χ² = 56.92, p < 0.001) and 

demonstrated a stronger inverse correlation with microvascular risk than HbA1c (r 

= –0.71 vs. r = 0.54). Logistic regression identified lower TIR as an independent 

predictor of microvascular complications. ROC analysis showed that TIR had the 

highest predictive accuracy (AUC = 0.89), outperforming HbA1c (AUC = 0.77). 

Conclusion: Time in Range is a superior indicator of glycemic control and 

microvascular risk compared with HbA1c alone. Incorporating CGM-derived TIR 

into routine diabetes management may improve risk stratification, facilitate earlier 

intervention, and enhance prevention of diabetes-related microvascular 

complications. 
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INTRODUCTION 

Diabetes mellitus is one of the most prevalent chronic metabolic disorders worldwide and remains a major public health 

concern because of its rapidly increasing incidence and long-term complications [1]. Persistent hyperglycemia 

contributes to progressive vascular injury, leading to both microvascular and macrovascular complications that 

substantially increase morbidity, mortality, and healthcare costs [2]. Diabetic retinopathy, nephropathy, and neuropathy 

are the principal microvascular complications and are major causes of blindness, chronic kidney disease, and disability 
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among individuals with type 2 diabetes mellitus (T2DM) [3]. Early identification of patients at increased risk of these 

complications is therefore essential for optimizing glycemic management and improving long-term outcomes [4]. 

 

For several decades, glycated hemoglobin (HbA1c) has served as the gold standard for assessing long-term glycemic 

control and guiding treatment decisions [5]. HbA1c reflects average blood glucose levels over the preceding two to three 

months and has been shown to correlate with the risk of diabetes-related complications [5]. However, HbA1c has 

important limitations, as it does not capture daily glucose fluctuations, episodes of hypoglycemia or hyperglycemia, or 

glycemic variability [6]. Furthermore, patients with similar HbA1c values may exhibit markedly different glucose 

profiles, resulting in differences in their risk of developing vascular complications [7]. 

 

The widespread adoption of continuous glucose monitoring (CGM) has transformed diabetes management by providing 

detailed information on glucose patterns throughout the day [8]. Among CGM-derived metrics, Time in Range (TIR), 

defined as the percentage of time spent within the target glucose range of 70–180 mg/dL, has emerged as a clinically 

meaningful indicator of glycemic control [9]. International expert consensus recommends TIR as a complementary 

measure to HbA1c because it reflects both the quality and stability of glucose control [10]. Emerging evidence suggests 

that lower TIR is associated with an increased prevalence and severity of diabetic retinopathy, nephropathy, and 

neuropathy, independent of HbA1c, indicating that TIR may be a superior predictor of diabetes-related complications 

[11]. 

 

Despite the growing clinical importance of TIR, its role in routine assessment of glycemic control and prediction of 

microvascular complications remains inadequately explored in many healthcare settings. Comparative data evaluating the 

predictive utility of TIR and HbA1c for microvascular risk are limited, particularly in the Indian population. Therefore, 

the present study aimed to evaluate the association between Time in Range and microvascular complications in patients 

with type 2 diabetes mellitus and to compare its predictive performance with HbA1c in assessing glycemic control and 

microvascular risk. 

 

MATERIALS AND METHODS 

This hospital-based cross-sectional observational study was conducted in the Department of General Medicine at a 

tertiary care teaching hospital over a period of one year, from May 2024 to May 2025. A total of 150 adult patients with 

established type 2 diabetes mellitus (T2DM) who fulfilled the eligibility criteria were enrolled after obtaining written 

informed consent. The study was initiated following approval from the Institutional Ethics Committee and was conducted 

in accordance with the ethical principles outlined in the Declaration of Helsinki. Adult patients aged ≥18 years with 

T2DM who underwent continuous glucose monitoring (CGM) during the study period were included. Patients with type 

1 diabetes mellitus, gestational diabetes, severe acute illness, advanced hepatic disease, end-stage renal disease requiring 

dialysis, malignancy, or incomplete clinical or CGM data were excluded. 

 

Baseline demographic and clinical characteristics, including age, sex, body mass index (BMI), duration of diabetes, 

smoking status, hypertension, dyslipidemia, current antidiabetic treatment, and relevant comorbidities, were recorded 

using a structured case record form. Anthropometric measurements were obtained using standardized techniques. 

Laboratory investigations included glycated hemoglobin (HbA1c) estimation using a standardized high-performance 

liquid chromatography (HPLC)-based assay. Continuous glucose monitoring data were collected using an approved 

CGM device with adequate sensor wear duration. The CGM-derived metrics analyzed included Time in Range (TIR; 70–

180 mg/dL), Time Above Range (TAR; >180 mg/dL), Time Below Range (TBR; <70 mg/dL), mean glucose, and 

glycemic variability expressed as coefficient of variation (CV%). 

 

All participants underwent evaluation for diabetic microvascular complications. Diabetic retinopathy was assessed by 

comprehensive ophthalmological examination with dilated fundus evaluation, diabetic nephropathy was evaluated using 

urinary albumin excretion and renal function parameters, and diabetic neuropathy was diagnosed based on clinical 

examination with appropriate neurological assessment. The presence of one or more of these complications was 

considered as evidence of any microvascular complication. Patients were further categorized according to HbA1c levels 

and Time in Range categories to evaluate their relationship with the prevalence of microvascular complications. 

 

Data were entered into Microsoft Excel and analyzed using IBM SPSS Statistics for Windows, Version 20 (IBM Corp., 

Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD), whereas categorical 

variables were presented as frequencies and percentages. Comparisons between categorical variables were performed 

using the Chi-square test or Fisher's exact test, while continuous variables were compared using the independent samples 

t-test. Pearson's correlation analysis was used to evaluate the relationship between glycemic metrics and microvascular 

risk. Multivariable logistic regression analysis was performed to identify independent predictors of microvascular 

complications after adjusting for potential confounding variables. Receiver operating characteristic (ROC) curve analysis 

was used to compare the predictive performance of HbA1c, Time in Range, and other CGM-derived metrics for 
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identifying microvascular complications. A two-tailed p-value <0.05 was considered statistically significant throughout 

the analysis. 

 

RESULTS 

A total of 150 patients with type 2 diabetes mellitus were included in the study. The majority were aged 50–59 years 

(34.0%), followed by ≥60 years (28.0%). Males constituted 57.3% of the study population. Most participants were 

overweight (42.0%) or obese (35.3%), while 36.0% had diabetes for more than 10 years. Hypertension and dyslipidemia 

were present in 56.0% and 47.3% of patients, respectively, whereas 18.7% were smokers (Table 1). 

 

Table 1. Baseline Characteristics of Study Participants (N = 150) 

Variable Category n (%) 

Age (years) <40 18 (12.0) 

40–49 39 (26.0) 

50–59 51 (34.0) 

≥60 42 (28.0) 

Sex Male 86 (57.3) 

Female 64 (42.7) 

BMI (kg/m²) Normal (<25) 34 (22.7) 

Overweight (25–29.9) 63 (42.0) 

Obese (≥30) 53 (35.3) 

Duration of diabetes <5 years 37 (24.7) 

5–10 years 59 (39.3) 

>10 years 54 (36.0) 

Hypertension Yes 84 (56.0) 

Dyslipidemia Yes 71 (47.3) 

Smoking Yes 28 (18.7) 

 

The mean HbA1c of the study participants was 8.32 ± 1.34%, while the average Time in Range (TIR) was 58.4 ± 17.2%. 

The mean Time Above Range (TAR) and Time Below Range (TBR) were 34.7 ± 16.8% and 6.9 ± 4.5%, respectively. 

The mean glucose level was 182.6 ± 42.5 mg/dL, with a glycemic variability (coefficient of variation) of 33.1 ± 7.8% 

(Table 2). 

Table 2. Glycemic Parameters 

Variable Mean ± SD 

HbA1c (%) 8.32 ± 1.34 

Time in Range (%) 58.4 ± 17.2 

Time Above Range (%) 34.7 ± 16.8 

Time Below Range (%) 6.9 ± 4.5 

Mean Glucose (mg/dL) 182.6 ± 42.5 

Glycemic Variability (CV%) 33.1 ± 7.8 

 

Based on TIR, 32.7% of participants had TIR below 50%, 38.7% had TIR between 50% and 70%, and only 28.6% 

achieved a TIR greater than 70%, indicating that less than one-third of patients attained the recommended glycemic target 

(Table 3). 

Table 3. Distribution of Participants According to Time in Range 

Time in Range n (%) 

<50% 49 (32.7) 

50–70% 58 (38.7) 

>70% 43 (28.6) 

 

Microvascular complications were observed in more than half of the study population, with any complication present in 

54.7% of participants. Diabetic neuropathy was the most common complication (40.7%), followed by diabetic 

retinopathy (37.3%) and diabetic nephropathy (28.7%) (Table 4). 

 

Table 4. Prevalence of Microvascular Complications 

Complication Present n (%) 

Diabetic Retinopathy 56 (37.3) 

Diabetic Nephropathy 43 (28.7) 

Diabetic Neuropathy 61 (40.7) 

Any Microvascular Complication 82 (54.7) 
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The prevalence of microvascular complications increased significantly with worsening HbA1c levels. Patients with 

HbA1c ≥9% had the highest proportion of complications, whereas those with HbA1c <7% had the lowest prevalence. 

This association was statistically significant (χ² = 29.81, p < 0.001) (Table 5). 

 

Table 5. Association Between HbA1c Categories and Microvascular Complications 

HbA1c Complication Present Complication Absent Total χ² p value 

<7% 11 28 39 
  

7–8.9% 31 37 68 
  

≥9% 40 3 43 29.81 <0.001 

 

A strong inverse relationship was observed between TIR and microvascular complications. Patients with TIR below 50% 

demonstrated the highest prevalence of complications, while those with TIR above 70% had the lowest prevalence. The 

association was highly statistically significant (χ² = 56.92, p < 0.001) (Table 6). 

 

Table 6. Association Between Time in Range Categories and Microvascular Complications 

Time in Range Present Absent Total χ² p value 

>70% 8 35 43 
  

50–70% 29 29 58 
  

<50% 45 4 49 56.92 <0.001 

 

Correlation analysis demonstrated that TIR showed the strongest negative correlation with microvascular risk score (r = –

0.71, p < 0.001). In contrast, HbA1c, TAR, and glycemic variability exhibited significant positive correlations with 

increasing microvascular risk (all p < 0.001) (Table 7). 

 

Table 7. Correlation of Glycemic Parameters with Microvascular Risk Score 

Variable r p value 

HbA1c 0.54 <0.001 

Time in Range −0.71 <0.001 

Time Above Range 0.63 <0.001 

Glycemic Variability 0.46 <0.001 

 

Multivariable logistic regression identified longer duration of diabetes, higher HbA1c, and lower TIR as independent 

predictors of microvascular complications. Among these variables, TIR remained the strongest independent protective 

factor, while age, sex, and hypertension were not statistically significant predictors (Table 8). 

 

Table 8. Logistic Regression for Presence of Any Microvascular Complication 

Variable Adjusted OR 95% CI p value 

Age 1.02 0.99–1.05 0.14 

Male sex 1.11 0.59–2.10 0.74 

Duration of diabetes 1.16 1.07–1.27 <0.001 

HbA1c 1.41 1.10–1.80 0.006 

Time in Range 0.95 0.93–0.97 <0.001 

Hypertension 1.56 0.83–2.94 0.17 

 

Receiver operating characteristic (ROC) analysis demonstrated that TIR had the highest predictive accuracy for 

microvascular complications (AUC = 0.89), outperforming both TAR (AUC = 0.82) and HbA1c (AUC = 0.77). All three 

glycemic parameters showed statistically significant discriminatory ability (p < 0.001) (Table 9). 

 

Table 9. ROC Analysis for Predicting Any Microvascular Complication 

Parameter AUC 95% CI p value 

HbA1c 0.77 0.70–0.84 <0.001 

Time in Range 0.89 0.84–0.94 <0.001 

Time Above Range 0.82 0.75–0.88 <0.001 

 

Patients with microvascular complications had significantly higher HbA1c, TAR, and glycemic variability, along with 

markedly lower TIR, compared with those without complications. All comparisons were statistically significant (p < 

0.001), highlighting the close association between adverse glycemic profiles and microvascular disease (Table 10). 
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Table 10. Comparison of Glycemic Metrics Between Patients With and Without Microvascular Complications 

Variable Complication Present (n=82) Complication Absent (n=68) t value p value 

HbA1c (%) 9.01 ±1.16 7.48 ±0.94 8.92 <0.001 

Time in Range (%) 45.8 ±12.3 73.6 ±10.4 14.87 <0.001 

Time Above Range (%) 45.9 ±13.1 21.5 ±9.8 12.64 <0.001 

Glycemic Variability (%) 36.4 ±7.1 29.2 ±5.8 6.83 <0.001 

 

DISCUSSION 

The present study demonstrated that Time in Range (TIR) was more strongly associated with microvascular 

complications than HbA1c alone among patients with type 2 diabetes mellitus. More than half of the participants had at 

least one microvascular complication, and individuals with lower TIR exhibited a significantly greater prevalence of 

retinopathy, nephropathy, and neuropathy. Although HbA1c remained significantly associated with complications, TIR 

showed a stronger inverse correlation with microvascular risk and superior predictive performance on ROC analysis. 

These findings support the growing concept that glycemic control should be assessed using both average glucose 

exposure and the quality of glucose control, rather than HbA1c alone. Similar observations have been reported by Beck 

et al., who demonstrated that every 10% reduction in TIR was associated with a substantial increase in the risk of 

retinopathy progression and microalbuminuria, validating TIR as a clinically meaningful marker of microvascular 

outcomes [12,13]. 

 

In the present study, patients with TIR <50% had the highest burden of microvascular complications, whereas those 

achieving TIR >70% had the lowest prevalence. These findings are consistent with the study by Lu et al., who evaluated 

over 3,000 patients with type 2 diabetes and reported that lower CGM-derived TIR was independently associated with 

increasing severity of diabetic retinopathy [14]. Likewise, Beck et al. demonstrated a strong inverse relationship between 

TIR and HbA1c, while emphasizing that patients with similar HbA1c values may have markedly different glucose 

profiles and clinical risks [13]. These findings indicate that TIR captures glycemic excursions and day-to-day glucose 

variability that are not reflected by HbA1c alone, making it a valuable complementary metric in routine diabetes 

management. 

 

Another important finding of the present study was that TIR remained an independent predictor of microvascular 

complications even after adjustment for conventional risk factors, whereas HbA1c showed comparatively lower 

predictive ability. Furthermore, ROC analysis demonstrated a higher area under the curve for TIR than HbA1c, 

suggesting superior discrimination for identifying patients at risk of microvascular disease. These findings are supported 

by the systematic review by Raj et al., which summarized evidence from observational studies and concluded that lower 

CGM-derived TIR is consistently associated with diabetic retinopathy, nephropathy, and peripheral neuropathy across 

diverse populations [15]. International consensus recommendations have also recognized TIR as a clinically meaningful 

outcome that complements HbA1c in evaluating overall glycemic control and therapeutic effectiveness. 

 

The clinical implications of the present study are substantial. While HbA1c remains an established marker of long-term 

glycemic control, it does not adequately reflect glycemic variability, duration of hyperglycemia, or hypoglycemic 

exposure. Incorporating TIR into routine clinical practice may enable earlier identification of patients at high risk for 

diabetes-related complications and facilitate individualized therapeutic interventions. Increasing availability and 

affordability of continuous glucose monitoring systems are likely to enhance the integration of TIR into routine diabetes 

care. Future prospective multicenter studies with longer follow-up are warranted to establish standardized TIR thresholds 

for predicting long-term microvascular outcomes and to determine whether interventions aimed at improving TIR 

translate into reduced complication rates. 

 

CONCLUSION 

The present study demonstrates that Time in Range (TIR) is a stronger indicator of glycemic control and microvascular 

risk than HbA1c alone in patients with type 2 diabetes mellitus. Lower TIR was significantly associated with a higher 

prevalence of diabetic retinopathy, nephropathy, and neuropathy and remained an independent predictor of microvascular 

complications after adjustment for conventional risk factors. These findings highlight the added clinical value of 

continuous glucose monitoring-derived metrics in identifying patients at increased risk of diabetes-related complications. 

Incorporating TIR alongside HbA1c into routine diabetes assessment may facilitate more comprehensive glycemic 

evaluation, enable timely therapeutic interventions, and ultimately improve long-term microvascular outcomes. 
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