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Objective: To discuss the relationship between time in range (TIR) which is deprived of the FGMS and the risk of diabetic vascular 
complications and to provide a theoretical foundation for the clinical application of TIR and other FGMS-deprived indexes.
Methods: Patients with T2DM who wore the FGMS sensor continuously were enrolled. Relevant indexes such as TIR, time below 
range (TBR), time above range (TAR), a standard deviation of blood glucose (SDBG), coefficient of variation of blood glucose (CV), 
and mean amplitude of glycemic excursion (MAGE) generated by the FGMS were recorded, and the risk of diabetic vascular 
complications were followed up for one year. The TIR was measured by continuous glucose monitoring at baseline, and patients were 
grouped according to TIR every 20%. Finally, the Cox proportional hazards regression model was used to estimate the association of 
different levels of TIR with different rates of diabetic vascular complications.
Results: TIR was negatively correlated with HbA1C, CV, SDBG, and amplitude of glycemic excursion (MV), wherein, the lower the 
TIR, the higher the HbA1C, CV, SDBG, and MV. TIR in the diabetic microvascular complication was significantly lower than that in 
the non-microvascular complication group, and the difference was statistically significant. TIR <40% was identified as a risk factor for 
DN, DPN, and DR according to the risk assessment. The mean TAR in the DN group was significantly higher than that in the non-DN 
group. TAR, CV, SD, MAGE, and HbA1C in the DR group were significantly higher than those in the non-DR group. TAR, ABG, CV, 
SD, MAGE, and HbA1C in the DPN group were significantly higher than those in the non-DPN group.
Conclusion: The relationships between the TIR and the prevalence and risk of diabetic vascular complications and the HbA1C may be 
negative. Other CGM-deprived indexes such as CV and MV should be integrated into glycemic control and diabetes complication prediction.
Keywords: flash glucose monitoring system, diabetes, diabetic vascular complications, time in range, HbA1C

Introduction
As diabetes has become a growing global public health challenge, accurately predicting, preventing, and minimizing the 
occurrence and progression of diabetic complications has become a crucial and challenging aspect of diabetes 
management.1 Keeping blood glucose within a healthy range to reduce glycemic excursion in the early stages of the 
disease can effectively reduce the risk for microvascular and macrovascular complications associated with type 2 
diabetes mellitus (T2DM).2 Blood glucose monitoring must be timely and accurate for effective glucose management.2 

Emerging Continuous glucose monitoring (CGM) equipment, the flash glucose monitoring system (FGMS), has broad 
clinical application prospects.3 CGM can retrospectively provide 24-h blood glucose monitoring data, which can help 
doctors understand the trend of glycemic excursion and detect latent hyperglycemia and hypoglycemia that are not easily 
detected by conventional monitoring methods.3 The time in range (TIR) index is derived from the retrospective analysis 
from the CGM or the FGMS. As recommended in the International Expert Consensus on Clinical Application of CGM, 
in addition to TIR (3.9–10.0 mmol/L), time above range (TAR) (>10.0 mmol/L) and time below range (TBR) (<3.9 
mmol/L) should be analyzed in blood glucose assessment.4 TIR combined with indexes such as TAR and TBR can better 
reflect and help control the changes in blood glucose of individuals. The application value of the glucose index derived 
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from this emerging CGM technology in the Chinese population remains unexplored due to the lack of clinical experience 
with FGMS, as it has not been in the market for a long time.5 In addition, correlation studies between TIR and diabetes- 
related chronic complications are scarce. This study aims to examine the relationship between blood glucose-related 
indexes automatically generated by the FGMS and diabetes-related chronic complications to provide evidence for TIR 
which is a reference index for clinical blood glucose regulation and a predictor of the risk for diabetic complications in 
multiple aspects.

Methods
Participants and Design
A total of 545 patients with T2DM who wore the flash glucose monitoring sensor (for 7–14 days) during their stay at the 
hospital between October 2020 and October 2021 were enrolled, and a retrospective study was conducted. Clinical data 
were obtained from the clinical electronic medical record database and the FGM companion software. This study was 
approved by the ethics committee of the Third Affiliated Hospital of Nanchang University and was exempted from 
obtaining written informed consent, and the trial was conducted in accordance with the Helsinki guidelines. Cases 
included in this study were selected based on the inclusion and exclusion criteria of this study.

Inclusion Criteria
(1) Patients who met the 2010 WHO diagnostic criteria for T2DM; (2) patients between the ages of 18 and 80; and (3) 
patients who wore the flash glucose monitoring sensor for at least five days (≥5 days).

Exclusion Criteria
(1) Patients with type 1 diabetes mellitus (T1DM) or other forms of diabetes; (2) patients with diabetic ketoacidosis or 
nonketotic hyperosmolar coma; (3) pregnant or lactating women; (4) patients with tumor, trauma, or acute infection; (5) 
patients with mental disorders who refused to participate in the study; (6) patients with severe liver function impairment 
(alanine aminotransferase >3 times the upper limit of the normal range, total bilirubin >3 times the upper limit of the 
normal range, glutamyl transpeptidase >3 times the upper limit of the normal range) or severe renal function impairment 
[glomerular filtration rate <30 mi/(min*1.73 m2)]; (7) patients with severe hematological disease, platelet count 
<100×109/L or hemoglobin <60 g/L.

Apparatus
HbA1C: High-performance liquid chromatography-ion exchange method (Huizhong MQ-2000PT)

Flash glucose monitoring (FGM): Produced by Abbott; the generated blood glucose index was from the FGM blood 
glucose management networking system:

TIR (3.9–10.0 mmol/L)
TAR (≥10.0 mmol/L)
TBR (≤3.9 mmol/L).

Experimental Data
The primary outcome of this study was the correlation between TIR and the prevalence and risk of diabetic vascular 
complications, and the secondary outcome was the relationship between other related indicators TAR, TBR, MAGE, CV 
and diabetic vascular complications.

Comparison of Basic Data
Clinical data of the included cases were collected, and the following indexes were recorded: gender, age, course of 
diabetes, history of tobacco and alcohol use, glycosylated hemoglobin (HbA1C), TIR, time above range (TAR), time 
below range (TBR), coefficient of variation of blood glucose (CV), standard deviation of blood glucose (SDBG), inter- 
day variability, intraday variability, urine microalbumin level, creatinine, urea, uric acid, urinary ACR (ratio of urine 
creatinine to urine microalbumin) (UACR), blood lipid level, fundus photography, carotid color ultrasonography, and 
electro-neurogram examination.
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Follow-Up and Diagnostic Criteria for Different Complications
The patients were followed up for one year after using the FGM and came to the hospital for reexamination every three months. 
After one year of follow-up, the occurrence of complications was counted through the electronic medical record system.

Diabetic Nephropathy 
In clinical practice, diabetic nephropathy (DN) is generally diagnosed based on an elevated UACR or a decreased 
estimated glomerular filtration rate (eGFR), with other chronic kidney diseases (CKDs) excluded.6 Random urine 
collection is suggested for the determination of UACR; UACR ≥30 mg/g in two random urine tests is indicative of 
elevated urinary albumin excretion. In this study, the urine microalbumin groups are as follows: normal urine micro
albumin group (urine microalbumin <30 ug/mg), microalbuminuria group (urine microalbumin: 30–300ug/mg), and 
macroalbuminuria group (urine microalbumin >300 ug/mg).

Diabetic Retinopathy 
In this study, the TOPCON TRC-NW400 non-mydriatic retinal camera (Japan) was used for preliminary screening and 
diabetic retinopathy (DR) diagnosis.7 Patients with diabetic retinopathy (DR) were divided into three groups for analysis: 
(1) normal group, (2) background stage DR group, and (3) proliferative stage DR group.

Diagnostic Criteria for Diabetic Peripheral Neuropathy 
1) patients with a clear diabetes history; 2) patients with neuropathy at or after the diabetes diagnosis; 3) patients with 
clinical symptoms and signs consistent with the manifestations of diabetic peripheral neuropathy (DPN). 4) if any of the 
five items (ankle reflex, prickly sensation, vibration sensation, pressure sensation, temperature sensation) was abnormal 
in patients with clinical symptoms (such as pain, numbness, abnormal sensation), or if any two of the five items were 
abnormal in patients without clinical symptoms, neural electromyography (EMG) may be performed to confirm the 
diagnosis if none of the aforementioned tests produce a definitive result.8

Diagnosis of Carotid Atherosclerotic Lesions 
Definition of intima-media thickness (IMT) and plaques in carotid color ultrasonography:

Grade 1: no obvious abnormalities were observed; Grade 2: the carotid intima-media was thickened; and Grade 3: 
carotid plaques or lumen stenosis or occlusion were observed.9

Statistical Treatment
Normal distribution measurement data were expressed as mean ± standard deviation, and the Student's t-test was used for 
comparison. The chi-squared test was used to compare the enumeration data. Pearson’s or Spearman correlation analysis 
was performed for a single-factor correlation analysis. The effect of TIR on the risk of diabetic vascular complications 
was investigated using a binomial logistic regression model, with variables screened using stepwise regression. P < 0.05 
indicated the presence of statistically significant differences. Univariate and multivariate analyses were used to control 
confounding and further verify the results.

Results
The study included a total of 545 patients with T2DM with a mean age of (61.22 ± 11.21) years. There were 328 males 
with a mean age of (61.44 ± 11.11) years and 217 females with a mean age of (60.89 ± 11.36) years among these patients. 
The average TIR was (70.21 ± 20.54)%, and the average HbA1C was (8.51 ± 1.85)% (Table 1).

The 545 patients were divided into groups based on the presence or absence of diabetic complications, and the mean 
value of each blood glucose index was compared between the groups (Table 2).

The mean TIR in the DN group was significantly lower than that in the non-DN group (P < 0.05); the mean TAR in 
the DN group [(28.64±11.68)%] was significantly higher than that in the non-DN group [(27.30±10.26)%] and the 
difference was statistically significant (P < 0.05); there were no statistical differences in TBR, CV, SD, MF, or HbA1C 
between the two groups (P > 0.05) (Table 2).
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Table 1 Basic Information of Patients [X�s or M (IQR)]

Index Male Female Total T/Z P

Age 61.44±11.11 60.89±11.36 61.22±11.21 0.556 0.577
Course 8.58±3.14 8.86±3.75 8.74±3.45 −1.114 0.568

HbA1c 8.57±1.97 8.42±1.66 8.51±1.85 −0.940 0.348

TIR (%) 69.35±19.89 71.50±21.46 70.21±20.54 1.198 0.232
Mean blood glucose 8.73±1.84 8.55±1.86 8.66±1.85 −1.087 0.277

Coefficient of variation of blood glucose 31.85±7.80 30.11±7.74 31.16±7.82 −2.562 0.021

Mean glycemic excursion 5.81±1.98 5.51±1.92 5.69±1.96 −1.777 0.076
MA 56.15±18.60 53.20±11.30 54.18±11.20 −2.451 0.014

BUN 6.21±1.80 5.40±1.21 5.98±1.54 −4.040 <0.01
Cr 70.60±11.08 55.00±12.86 65.60±11.86 8.708 <0.01

UA 328.86±90.47 300.04±76.63 317.39±86.32 −3.864 <0.01

TC 4.63±1.21 4.68±1.43 4.65±1.30 0.414 0.679
TG 1.61±0.91 1.55±0.98 1.56±0.97 0.932 0.351

LDL-C 3.01±0.92 3.06±1.08 3.03±0.99 0.589 0.556

HLDL-C 1.05±0.26 1.15±0.26 1.09±0.26 4.249 <0.01
DN (N%) 133 (54.07%) 113 (45.93%) 246 (45.13%) 7.005 <0.01

DPN (N%) 135 (65.22%) 72 (34.78%) 207 (37.98%) 0.004 0.949

DR (N%) 185 (60.05%) 123 (39.95%) 308 (56.51%) 3.530 0.060
PVD (N%) 236 (58.56%) 167 (41.44%) 403 (73.94%) 1.700 0.192

Note: Data were expressed as X�s and n (%). 
Abbreviations: TIR, time in range; MA, Urinary microalbumin; BUN, Blood Urea Nitrogen; Cr, Creatinine; UA, TC, total cholesterol; TG, 
triglyceride; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High density lipoprotein cholesterol; DN, diabetic nephropathy; DR, 
diabetic retinopathy; DPN, diabetic peripheral neuropathy; CAD, carotid artery disease; PVD, Peripheral vascular disease; OR, odds ratio; 
95% CI, 95% confidence interval; TIR, time in range.

Table 2 Comparison of Glycemic Indexes of Complications

Group/ 
Index

Glycosylated 
Hemoglobin 

(HbA1C)

Time Below 
Range (TBR)

Time in 
Range (TIR)

Time Above 
Range (TAR)

Coefficient of 
Variation of Blood 

Glucose (CV)

Daily 
Differences 

(SD)

Amplitude of 
Glycemic 
Excursion 

(MV)

DN 8.43±2.90 12.47±3.34 68.85±21.11 28.64±11.68 30.61±7.55 3.89±1.16 5.97±1.13
NonDN 8.53±2.81 11.58±3.96 72.00±19.81 27.30±10.26 31.61±8.02 3.18±1.05 5.18±2.64

T/Z 0.897 0.975 2.763 1.308 1.499 −2.035 −2.569

P 0.370 0.186 0.006 0.034 0.134 0.531 0.045

DR 8.70±2.00 12.36±3.78 65.67±21.11 29.06±10.78 32.23±7.59 3.29±1.23 5.61±1.58

NonDR 8.26±1.60 11.74±2.59 76.06±18.21 28.05±11.43 29.77±7.90 3.73±0.99 5.14±2.07
T/Z −2.872 −0.972 6.163 −1.658 −3.683 5.960 −1.738

P 0.004 0.178 <0.001 0.046 <0.001 <0.001 0.003

DPN 8.74±1.89 12.48±4.36 64.73±20.40 28.98±13.69 32.42±7.42 7.28±1.17 5.69±1.92

NonDPN 8.37±1.82 12.03±3.98 73.56±8.42 26.73±11.58 30.38±7.96 6.91±1.14 5.21±1.96

T/Z −2.241 −0.565 4.974 −3.983 −2.976 −3.611 1.031
P 0.026 0.688 <0.001 <0.001 0.003 <0.001 0.036

CAD 8.44±1.95 11.96±4.78 70.41±20.12 27.72±10.54 31.16±7.53 7.04±1.11 5.79±1.08
NCAD 8.69±1.53 12.53±3.76 69.63±21.74 28.10±11.67 31.15±8.60 7.09±1.29 5.28±2.96

T/Z 1.564 −1.431 −0.391 0.186 −0.015 0.475 1.716

P 0.119 0.544 0.696 0.082 0.988 0.635 0.128

Notes: Data were expressed as X�s. Items with significant differences, their P-values are indicated in italics. 
Abbreviations: DN, diabetic nephropathy; DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; CAD, carotid artery disease; OR, odds ratio; 95% CI, 95% 
confidence interval; TIR, time in range.
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The mean TIR in the DR group [(65.67±21.11)%] was lower than that in the non-DR group [(76.06±18.21)%], and 
the difference was statistically significant (t = 6.049, P < 0.01); the CV, SD, MF, and HbA1C in the DR group were 
higher than those in the non-DR group, and the differences were statistically significant (P < 0.05); there was no 
statistical difference in TBR between the DR and non-DR groups (P > 0.05) (Table 2).

TIR was lower and other blood glucose indexes (ABG, CV, SD, MFR, and HbA1C) were higher in the DPN group 
compared to the non-DPN group, and the differences were statistically significant (P < 0.05) (Table 2).

There were no statistical differences in all blood glucose indexes between the CAD group and the non-CAD group 
(P > 0.05) (Table 2).

To examine the proportion of patients with different TIR values and the correlation between TIR and HbA1C, MV, 
and CV, TIR was categorized into 20% intervals. There were 20 patients with TIR 20%, 105 with TIR between 20% and 
40%, 151 with TIR between 40% and 60%, 164 with TIR between 60% and 80%, and 103 with TIR > 80% (Figure 1).

According to the correlation analysis, the average TIR was (70.21 ± 20.54)%, and the average HbA1C was (8.51 
±1.85)%. TIR had a negative linear correlation with HbA1C (P < 0.01, Pearson’s correlation coefficient r = −0.889). The 
linear regression equation is HbA1C = 10.54–4.93*TIR. TIR was negatively correlated with CV (P < 0.01, r = −0.451) 
and MV (P 0.01, r = −0.346), where it correlated most strongly with HbA1C. In the range of 20% to 60%, the lower the 
TIR, the greater the MV, and the difference was statistically significant (χ2= 78.424, r = −0.346, P < 0.01); when TIR was 
less than 20% or greater than 60%, the MV was lower (Table 3).

TIR was categorized into 5 groups at 20% intervals. Patients with DN were separated into the microalbuminuria 
group (urine microalbumin <300 mg/L) and the macroalbuminuria group (urine microalbumin ≥300 mg/L) based on the 
urine protein concentration. DN prevalence rates were compared between these TIR groups. The results indicated that the 
prevalence of DN increased with decreasing TIR, and the difference between groups was statistically significant 
(χ2= 11.74, P < 0.05). The percentage of microalbuminuria and macroalbuminuria was highest in the group with TIR 
<20%. TIR 40% was identified as a risk factor for microalbuminuria and macroalbuminuria in patients with DN (OR = 
1.565, 95% CI: 1.085–2.049) (Table 4) (Figure 1).

TIR was categorized into 5 groups at 20% intervals, and the prevalence rate of DR and risk coefficient were compared 
between these groups. The results indicated that the lower the TIR, the higher the prevalence rate of DR; proliferative 
stage DR had the highest prevalence rate in the group with TIR <40%, and background stage DR had the highest 
prevalence rate in the group with TIR in the 40–60% range, and the difference between groups was statistically 
significant (χ2= 146.635, P < 0.01). TIR ≤60% was a risk factor for background stage DR (OR = 1.183, 95% CI: 
0.618–1.921), whereas TIR ≤40% was a risk factor for proliferative stage DR (OR = 1.571, 95% CI: 1.010–4.613) 
(Table 5) (Figure 2).

Figure 1 Prevalence of diabetic vascular complications in different time in range (TIR)% groups.
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Among the 545 patients with diabetes, 254 were diagnosed with DPN, representing 44.95% of the total. The 
difference between the mean TIR of non-DPN patients [(73.56±19.92)%] was higher than that in DPN patients 
[(64.73±20.40)%], and the difference was statistically significant (t = 4.974, P < 0.01) (Table 5).

TIR was categorized into 5 groups at 20% intervals, and the prevalence rate of DR and risk coefficient were compared 
between these TIR groups. The results indicated that the prevalence of DPN increased with decreasing TIR, and the 
difference was statistically significant (χ2= 27.577, P < 0.001). The risk assessment indicated that TIR <40% was a risk 
factor for DPN, and the risk in the group with TIR <20% was 2.2 times that of the group with TIR <40% (Table 6) 
(Figure 2).

Among the 545 patients with diabetes, 403 patients or 78.90% of the population were diagnosed with CAD. 
Statistically, there was no difference in the mean TIR between the non-CAD group [(69.63±21.74)%] and the CAD 
group [(70.41±20.12)%] (t = −0.391, P = 0.696) (t = −0.391, P = 0.696). Statistically, there was no difference in the mean 
TAR between the non-CAD group [(28.10±11.67)%] and the CAD group [(27.72±10.54)%] (t = 0.186, P = 0.852) 
(Table 6).

Table 3 TIR and Glucose Fluctuation Amplitude and Glucose Coefficient of Variation

TIR (%) <20 20–40 40–60 60–80 >80

Glycemic excursion RR 0.364 3.8 2.895 0.183 0.181
95% CI 0.078–1.176 0.475–30.419 0.394–21.269 0.041–0.812 0.100–0.326

Coefficient of variation RR 1.074 1.212 1.768 0.998 1.632
95% CI 1.034–1.117 1.051–1.398 0.643–4.862 0.464–2.144 0.793–3.359

Note: Data were expressed as n (%). 
Abbreviations: RR, risk ratio; 95% CI, 95% confidence interval; TIR, time in range.

Table 4 Distribution and Risk Assessment of DN with Different TIR Propotion

TIR (%) Total 
n = 545

Normal 
n = 301 (%)

DN n = 244 OR 95% CI

Microalbuminuria 
n = 175 (%)

Macroalbuminuria 
n = 69 (%)

<20 20 5 (25.00%) 9 (45.00%) 6 (30.00%) 1.851 1.230–2.787
20–40 105 42 (40.06%) 40 (38.04%) 23 (21.90%) 1.565 1.085–2.049

40–60 151 87 (59.18%) 45 (29.30%) 19 (12.52%) 0.951 0.586–1.543

60–80 165 98 (59.35%) 54 (32.72%) 13 (7.87%) 0.907 0.482–2.105
>80 103 68 (66.01%) 27 (26.21%) 8 (7.76%) 0.667 0.182–2.437

Note: Data were expressed as n (%). 
Abbreviations: DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; OR, odds ratio; 95% CI, 95% confidence interval; TIR, time in range.

Table 5 Distribution and Risk Assessment of DR with Different TIR Propotion

TIR (%) Normal 
N = 213 (%)

DR N = 332 OR 95% CI

Background Stage 
n = 221 (%)

Proliferative Stage 
n = 89 (%)

<20 5 (25.00%) 7 (35.00%) 8 (40.00%) 3.843 1.010–4.613

20–40 19 (18.09%) 48 (45.71%) 38 (36.19%) 1.571 0.837–2.332

40–60 43 (28.29%) 75 (49.68%) 33 (22.60%) 1.183 0.418–1.921
60–80 89 (52.93%) 57 (36.54%) 19 (12.33%) 0.585 0.293–0.804

>80 56 (54.36%) 36 (34.95%) 11 (10.67%) 0.485 0.429–0.966

Note: Data were expressed as n (%). 
Abbreviations: DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; OR, odds ratio; 95% CI, 95% confidence interval; 
TIR, time in range.
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Among the 403 patients with CAD, 202 were at the thickening stage (52.60%) and 201 were at the plaque stage 
(47.40%). There were 7 patients with TIR <20%, 30 with TIR between 20% and 40%, 85 with TIR between 40% and 
60%, 109 with TIR between 60% and 80%, and 152 with TIR >80%. TIR and CAD did not correlate (r = −0.098), and 
the difference was not statistically significant (χ2= 1.899, P = 0.759). There were 187 patients with TBR <20% and 216 
with TBR ≥20%. TBR and CAD did not exhibit a dose–response relationship, and the difference was not statistically 
significant (χ2= 0.018, P = 0.894). There were 178 patients with TAR <20%, and 34 patients with TIR >20%. TAR and 
CAD had no correlation, and the difference was not statistically significant (χ2= 2.912, P = 0.405) (Table 7).

There was no statistical difference in age, course of disease, TIR, HbA1C, mean blood glucose, CV, amplitude of 
glycemic excursion (MV), total cholesterol, low-density cholesterol, and triglyceride between the two groups (P > 0.05) 
(Table 1). The male group had higher levels of urine microalbumin, urea, serum creatinine, and uric acid than the female 
group, and the difference was statistically significant (P < 0.05). The female group had a higher level of high-density 
lipoprotein cholesterol than the male group, and the difference was statistically significant (P < 0.05). There was no 
statistically significant difference between the prevalence rates of DR, DPN, and peripheral artery disease (PAD) between 
the two groups (P > 0.05) (Table 1).

There were 301 patients with DN, 237 with DR, 338 with peripheral neuropathy, and 142 with carotid artery disease 
(CAD); males had a higher prevalence rate of DN than females, and the difference was statistically significant (χ2= 7.005, 
P = 0.008), whereas there was no statistical difference between males and females in the other groups (P > 0.05) 
(Table 8).

Table 6 Distribution and Risk Assessment of DPN with Different TIR Propotion

TIR (%) Total 
N = 545

Non-DPN 
N = 291 (%)

DPN  
N = 254 (%)

OR 95% CI

<20 20 7 (35.00%) 13 (65.00%) 3.0 1.926–5.716
20–40 105 37 (40.21%) 68 (64.76%) 1.35 1.071–2.533

40–60 151 78 (51.65%) 73 (48.34%) 0.688 0.332–1.425

60–80 165 98 (59.39%) 67 (40.61%) 0.754 0.468–1.214
>80 103 70 (67.04%) 33 (32.03%) 0.475 0.307–0.734

Note: Data were expressed as n (%). 
Abbreviations: DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; OR, odds ratio; 95% CI, 95% confidence 
interval; TIR, time in range.

Figure 2 Odds ratio (OR) of diabetic vascular complications in different time in range (TIR)%.
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Discussion
In this study, the results revealed that TIR was negatively correlated with HbA1C, CV, and MV, but with the strongest 
correlation with HbA1C (r = −0.889). Therefore, similar to HbA1C, controlling TIR within a certain range can effectively 
prevent the occurrence of long-term complications. Different from HbA1C, TIR can be obtained at any time through FGM. 
The change of TIR can not only predict the occurrence of long-term complications of diabetes but also can be used as 
a short-term indicator to guide daily blood glucose control. Previous research indicated that the tested TIR was closely 
related to HbA1C, with HbA1C decreasing by approximately 0.5% for every 10% increase in TIR.3,10 In this study, the 
mean TIR was (70.21±20.54)%, and the mean HbA1C was (8.51±1.85)%, with a negative linear correlation (r = −0.889) 
between the two variables. The results were consistent with both the conclusion of Raj et al11 and the previous findings of 
this research team.4 Large inter-day glycemic variability and MV may promote the occurrence and development of 
diabetes-related chronic complications, according to previous research.12 This study also revealed the relationship between 
TIR, inter-day glycemic variability, and MV. When TIR was between 20% and 60%, the lower the TIR, the greater the 
inter-day glycemic variability and MV, and the difference was statistically significant (P < 0.01); when TIR was 20% or 
>60%, the inter-day variability and MV decreased. Low TIR or high TIR correlated with low MV, indicating that MV could 
not dynamically reflect the blood glucose control to some extent.

In addition, we found a weak correlation between TIR and hypoglycemic parameters and a strong correlation between 
TIR and TAR, with TAR gradually decreasing as TIR increased. The reason may be that TBR (<5% in general) has 
a much smaller impact on TIR than TAR (20–50% in general).13 The results of this study indicate that TIR does not 
adequately reflect the risk of hypoglycemia. Thus, TIR may be combined with TBR to evaluate blood glucose control in 
a more comprehensive manner in populations at a higher risk of hypoglycemia, particularly patients with T1DM.13

Table 7 Prevalence and Risk Assessment of Carotid Artery Diseases with Different TIR

TIR (%) Normal Thickening  
Stage

Plaque  
Stage

OR 95% CI

<20 5 (41.67%) 2 (16.66%) 5 (41.67%) 2.143 1.554–3.287

20–40 10 (25.00%) 9 (22.50%) 21 (52.50%) 1.049 0.945–2.022

40–60 27 (24.11%) 29 (25.89%) 56 (50.00%) 0.854 0.495–1.473
60–80 48 (27.12%) 65 (36.72%) 64 (36.16%) 0.617 0.423–1.312

>80 51 (25.12%) 97 (47.78%) 55 (27.10%) 0.470 0.143–1.545

Note: Data were expressed as n (%). 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; TIR, time in range.

Table 8 Prevalence of Diabetes Complications N (%)

Group Total Case Prevalence Rate N (%) χ2 P value

Male Female

DN 301 195 (65.22%) 106 (34.78%) 7.005 0.008

N-DN 244 133 (54.07%) 113 (45.93%)

DR 237 143 (60.34%) 94 (39.66%) 0.004 0.949
N-DR 308 185 (60.05%) 123 (39.95%)

DPN 338 193 (77.82%) 145 (22.18%) 3.530 0.060

N-DPN 207 135 (65.22%) 72 (34.78%)
CAD 42 92 (64.79%) 50 (35.21%) 1.700 0.192

N-CAD 403 236 (58.56%) 167 (41.44%)

Note: Data were expressed as n (%). 
Abbreviations: DN, diabetic nephropathy; DR, diabetic retinopathy; DPN, diabetic peripheral 
neuropathy; CAD, carotid artery disease; OR, odds ratio; 95% CI, 95% confidence interval; TIR, 
time in range.
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The incidence of DR, DPN, and CAD did not differ significantly between males and females in this study (P > 0.05), 
but the levels of urine microalbumin, urea, serum creatinine, and uric acid were significantly higher, and the prevalence 
rate of DN was higher in males than in females. Lu et al14 discovered in a meta-analysis of 30 clinical studies that males 
with T2DM were more likely to develop DN compared to females, corroborating our findings. Moreover, high-density 
lipoprotein cholesterol in females was found to be higher than that in males, which suggests that females with T2DM 
experience fewer cardiovascular events than males. Yapanis et al10 found a strong relationship between TIR and diabetic 
microvascular complications. Raj et al11 found that TIR was a reliable predictor of diabetic vascular complications. El 
Malahi’s recent research results showed that a lower TIR is related to the presence of complex microvascular complica
tions and hospitalization for hypoglycemia or ketoacidosis. TIR, SD, and CV were not associated with macrovascular 
complications.12 In this study, the prevalence rates of diabetic microvascular complications, including DN, DR, and 
DPN, increased with decreasing TIR, consistent with previous findings.10,11 This suggests that controlling blood glucose 
within the TIR may help reduce the incidence and development of diabetic microvascular complications. Jingyi Lu 
et al's14 recent findings showed that lower TIR was associated with increased risk of all-cause and CVD death in type 2 
diabetes found in a follow-up of data up to 6.9 years, supporting the validity of TIR as a surrogate marker of long-term 
adverse clinical outcome. However, this study revealed a weaker correlation between TIR and large vessels (carotid 
intima thickness) and peripheral vessels. This may be due to the influence of multiple risk factors, such as age, disease 
progression, blood lipids, and uric acid, on macrovascular complications.

This research has the following limitations: First, in this cross-sectional study, abnormal CIMT and the occurrence 
and progression of DR in each group cannot be confirmed after grouping according to this cutoff point. In addition, the 
target glucose range chosen for TIR calculation was 3.9–10.0 mmol/L, whereas the blood glucose control for different 
diabetic patients must be individualized; thus, additional research is necessary to clarify the clinical significance of the 
upper limits of different target ranges and to determine the correct TIR cutoff point. The effects of various treatment 
plans on the TIR outcome of patients with diabetes require additional investigation.

Conclusion
The relationships between the TIR and the prevalence and risk of diabetic vascular complications and the HbA1C may be 
negative. Other CGM-deprived indexes such as CV and MV should be integrated into glycemic control and diabetes 
complication prediction.
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