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Purpose: The dusk phenomenon refers to a spontaneous and transient pre-dinner hyperglycemia that affects glucose fluctuation and 
glycemic control, and the increasing use of continuous glucose monitoring (CGM) has facilitated its diagnosis. We investigated the 
frequency of the dusk phenomenon and its relationship with the time in range (TIR) in patients with type 2 diabetes mellitus (T2DM).
Patients and Methods: This study involved 102 patients with T2DM who underwent CGM for 14 days. CGM-derived metrics and 
clinical characteristics were evaluated. A consecutive dusk blood glucose difference (pre-dinner glucose minus 2-hour post-lunch 
glucose) of ≥ 0 or once-only dusk blood glucose difference of < 0 was diagnosed as the clinical dusk phenomenon (CLDP).
Results: We found that the percentage of CLDP was 11.76% (10.34% in men, 13.64% in women). Compared with the non-CLDP 
group, the CLDP group tended to be younger and have a lower percentage of TIR (%TIR3.9-10) and higher percentage of time above 
range (%TAR>10 and %TAR>13.9) (P ≤ 0.05). Adjusted for confounding factors, the binary logistic regression analysis showed 
a negative association of CLDP with %TIR (odds ratio < 1, P < 0.05). We repeated the correlation analysis based on 70%TIR and 
found significant differences in hemoglobin A1c, fasting blood glucose, mean blood glucose, standard deviation of the sensor glucose 
values, glucose coefficient of variation, largest amplitude of glycemic excursions, mean amplitude of glycemic excursions, glucose 
management indicator, and percentage of CLDP between the two subgroups of TIR ≤ 70% and TIR > 70% (P < 0.05). The negative 
association between TIR and CLDP still remained after adjustment by the binary logistic regression analysis.
Conclusion: The CLDP was frequently present in patients with T2DM. The TIR was significantly correlated with the CLDP and 
could serve as an independent negative predictor.
Keywords: time in range, dusk phenomenon, type 2 diabetes, continuous glucose monitoring

Introduction
Recently, accumulated studies have shown that abnormal glucose fluctuation in patients with diabetes mellitus plays 
a vital role in poor glycemic control and chronic complications.1–4 Abnormal glucose excursion involves spontaneous 
and transient dysglycemia that occurs over a specific period of time. For instance, the terms “dawn phenomenon” and 
“Somogyi effect” were introduced to describe hyperglycemia during the early morning in patients with diabetes 
mellitus.5–7 The dusk phenomenon is also common, but it is often ignored. As a spontaneous and transient pre-dinner 
hyperglycemic condition, the dusk phenomenon has been reported in very few studies and has mainly been described 
only on a conceptual level.8,9 A consecutive dusk blood glucose difference (δDG) (pre-dinner glucose minus 2-hour post- 
lunch glucose) of ≥0 or a once-only δDG of <0 can be diagnosed as the “clinical dusk phenomenon” (CLDP).9 Moreover, 
the blood glucose level remains high from the pre-dinner to pre-bed period in people with the dusk phenomenon.8 

Continuous glucose monitoring (CGM) continuously captures the glucose profile over a specific period of time and 
provides new metrics of glycemic control; thus, CGM might facilitate identification of an individual’s current glycemic 
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status.10 Increasing numbers of studies are showing that the application of CGM improves glycemic control and reflects 
glucose variability in a timely manner, thus decreasing the risk of diabetic complications.11–14 Additionally, the above- 
mentioned dawn phenomenon can be identified by the difference between the nocturnal nadir and pre-breakfast glucose 
levels using CGM.15,16 One study of the dusk phenomenon using CGM showed that the incidence of the dusk 
phenomenon was about 27.3% in patients with type 2 diabetes mellitus (T2DM), although this phenomenon is often 
neglected.17

Therefore, the present study was performed to investigate the prevalence of the dusk phenomenon in patients with 
T2DM and its relationship with the time in range (TIR) according to CGM with the overall goal of further understanding 
blood glucose fluctuations in these patients.

Materials and Methods
Study Population
In total, 102 consecutive outpatients from Shanghai East Hospital, Tongji university, China were recruited from 
September 2020 to January 2021 in this cross-sectional study. All participates were >18 years old and had been clinically 
diagnosed with T2DM based on the criteria of WHO (1999). Patients who were pregnant, had acute infection, had 
allergic disease, had thyroid dysfunction, were undergoing therapy for cancer, had severe hepatic dysfunction, or had 
chronic renal failure were excluded. All patients were treated with oral hypoglycemic agents or subcutaneous insulin 
infusions with no use of an insulin pump. The present study was approved by the ethics committees of Shanghai East 
Hospital and written informed consent was also obtained from each participate. The study was registered in the Chinese 
clinical trial registry (ChiCTR-2100047148).

Continuous Glucose Monitoring Parameters and Magnitude of the Dusk Phenomenon
All patients were monitored every 15 minutes for 14 days during their daily life using a commercial CGM system 
(Abbott Laboratories, Abbott Park, IL, USA) and had no changes in therapy during the study period after the initiation of 
CGM. The CGM-derived metrics were defined as follows. The TIR was defined as the time within the target glucose 
range of 3.9 to 10.0 mmol/L during a 24-hour period. The time below range was divided into Level 1 (3.0–3.9 mmol/L) 
with minor importance in clinical studies and Level 2 (<3.0 mmol/L) with major clinical significance that must be 
reported. The time above range (TAR) was also divided into two levels: level 1 (10.0–13.9 mmol/L) and level 2 (>13.9 
mmol/L). The mean blood glucose (MBG) was defined as the mean blood glucose level during the whole CGM period. 
Intraday glycemic variability parameters included the standard deviation (SD) of the sensor glucose values, the glucose 
coefficient of variation (CV), the largest amplitude of glycemic excursions (LAGE), and the mean amplitude of glycemic 
excursions (MAGE). All participants adhered to their original treatment during the whole study period, and they were 
also instructed to maintain a standard diet from 7:00 to 7:30, from 11:00 to 11:30, and from 17:00 to 17:30. The δDG 
indicated the magnitude of the dusk phenomenon and was quantified by the difference between the pre-dinner glucose 
and 2-hour post-lunch glucose. A persistent δDG of ≥0 or a once-only δDG of <0 was diagnosed as the CLDP according 
to a previous study.9

Basic Characteristics and Biochemical Measurements
Basic epidemiological data such as age, sex, and clinical complications were collected during an outpatient visit. Fasting 
blood samples were collected from each patient and used to perform a series of biochemical measurements including 
hemoglobin A1c (HbA1C), serum creatinine, blood urea nitrogen, serum uric acid, albumin, aspartate transaminase, 
alanine aminotransferase, alkaline phosphatase, total cholesterol, triglycerides, and fasting blood glucose (FBG).

Statistical Analysis
Quantitative data are presented as mean ± standard deviation or median (25th percentile, 75th percentile), and categorical 
data are summarized using frequencies and proportions or percentages of patients. Student’s t-test was used for 
parametric data and the Mann–Whitney U-test or chi-square test was used for non-parametric data to compare the 
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differences in variables between the two subgroups. Spearman correlation analysis was used to assess the relationship 
between patients with and without the CLDP. Furthermore, binary logistic regression analysis was used to analyze 
independent predictors after adjusting for possible confounding variables. All P values of ≤ 0.05 were considered 
statistically significant. All analyses were performed using SPSS Version 26.0 (IBM Corp., Armonk, NY, USA).

Results
Frequency of CLDP
This cross-sectional study involved a total of 102 outpatients with T2DM (58 men, 44 women). According to the 
previously reported standard for clinical diagnosis of the dusk phenomenon,9 we assigned 12 patients to the CLDP group 
and the remaining 90 patients to the non-CLDP group. The percentage of patients with CLDP was 11.76% (10.34% in 
men and 13.64% in women) (Table 1). Besides, the whole glucose profiles of the two groups concentrated within 24 
hours were shown in Figure 1, and scope of the dusk phenomenon have also been indicated.

Clinical Characteristics and CGM-Derived Parameters of Patients in CLDP and 
Non-CLDP Groups
The clinical characteristics of the CLDP and non-CLDP groups are presented in Table 2. The patients in the CLDP group 
tended to be younger than those in the non-CLDP group (P < 0.05). However, the occurrence of clinical complications 
such as atherosclerosis, coronary atherosclerotic heart disease, or cerebrovascular disease tended to be lower in the CLDP 
group than in the non-CLDP group (P = 0.067), although the difference was not statistically significant. With regard to 
CGM-derived metrics, as shown in Table 3, we found that the percentage of TIR (%TIR3.9-10) was significantly lower in 
the CLDP than non-CLDP group, whereas % TAR>10 and %TAR>13.9 were higher in the CLDP than non-CLDP group 
(P ≤ 0.05). The significant differences between the two groups are illustrated more intuitively in Figure 2.

Correlation of CLDP with CGM Parameters
Spearman correlation analysis was then applied to explore factors that might be related to the CLDP. As indicated in 
Table 4, age, %TIR, and %TAR were significantly correlated with the CLDP (P ≤ 0.05). Next, we conducted a binary 
logistic regression analysis to further address the relationships between TIR and CLDP by using different models. As 
presented in Table 5, CLDP group showed an OR of 0.089 (P < 0.05) relative to non-CLDP counterparts with no 
adjustment (model 1), moreover, it consistently and significantly showed an OR < 1 with adjustment of age and sex 
(model 2), of age, sex, presence of complications and %TAR (model 3), of age, sex, presence of complications, %TAR 
and vital glucose metrics such as HbA1c, FBG, MBG, SD, CV, LAGE, MAGE and glucose management indicator (GMI) 
(model 4).

Characteristics of CLDP and Non-CLDP Groups Based on 70%TIR
We repeated the analysis of the two groups of patients based on whether the %TIR was >70% (Table 6). There were 
statistically significant differences in HbA1c, FBG, MBG, SD, CV, LAGE, MAGE, GMI, and occurrence of CLDP 
between the two subgroups of patients with a TIR of ≤70% and TIR of >70%. Specifically, compared with patients with 
a TIR of >70%, those with a TIR of ≤70% tended to have significantly higher levels of HbA1c, FBG, MBG, SD, CV, 
LAGE, MAGE, GMI, and percentage of CLDP (P < 0.05).

Table 1 The Frequency of Clinical Dusk Phenomenon

All (n=102) Male (n=58) Female (n=44)

Non-CLDP 90 52 38

CLDP 12 6 6
Percentage of CLDP (%) 11.76 10.34 13.64

Abbreviation: CLDP, clinical dusk phenomenon.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S410761                                                                                                                                                                                                                       

DovePress                                                                                                                       
1639

Dovepress                                                                                                                                                              Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Association Between TIR and CLDP
As shown in Table 7, binary logistic regression was used to examine the independent indicators associated with 70%TIR. 
We found that MAGE (OR, 4.379; 95% CI, 1.451–13.215; P = 0.009), GMI (OR, 1.161; 95% CI, 1.042–1.293; P = 
0.007), and incidence of CLDP (OR, 7.538; 95% CI, 1.062–53.517; P = 0.043) were independently associated with 
substandard %TIR after adjustment for age, sex, HbA1c, FBG, MBG, SD, CV, and LAGE.

Discussion
With the increasing use of CGM, the features and mechanism of the dawn phenomenon have been gradually explored in 
increasingly more detail.15,16,18 Different from the Somogyi effect, the dawn phenomenon is not preceded by nocturnal 
hypoglycemia, and it is currently thought to be due to a physiological increase in insulin-antagonistic hormones together 

Table 2 Clinical and Biochemical Characteristics of Study Participants

Non-CLDP CLDP P

Age (years) 61.29±11.46 54.0±12.56 0.043*
Gender (male/female) 52/38 (57.8/42.2%) 6/6 (50.0/50.0%) 0.609

HbA1c (%) 7.80 (7.03, 9.08) 7.75 (6.65, 8.38) 0.404

CREA (μmol/L) 72.0 (61.0, 88.0) 71.0 (67.0, 87.5) 0.458
BUN (mmol/L) 5.70 (4.90, 7.15) 5.50 (4.45, 6.82) 0.554

UA (μmol/L) 318.79±79.50 285.17±67.07 0.225

ALB (g/L) 46.51±3.17 46.03±2.70 0.641
AST (U/L) 21.0 (16.0, 27.23) 24.50 (16.25, 26.75) 0.761

ALT (U/L) 23.0 (14.0, 32.15) 27.55 (14.0, 29.75) 0.996

AKP (U/L) 80.74±25.87 65.99±15.76 0.119
TC (mmol/L) 4.07±1.11 4.47±1.02 0.259

TG (mmol/L) 1.23 (0.86, 1.70) 1.03 (0.84, 1.88) 0.558

FBG (mmol/L) 8.78 (7.56, 10.05) 7.71 (6.46, 12.48) 0.313
Complications (n) 55 (61.1%) 4 (33.3%) 0.067

Notes: Data are showed as n (%), mean ± s.d. or median (P25, P75). Significant differences are in bold 
and *P < 0.05, 
Abbreviations: CLDP, clinical dusk phenomenon; HbA1c, hemoglobin A1c; CREA, serum creatinine; 
BUN, blood urea nitrogen; UA, serum uric acid; ALB, albumin; AST, aspartate transaminase; ALT, 
alanine aminotransferase; AKP, alkaline phosphatase; TC, total cholesterol; TG, triglyceride; FBG, 
fasting blood glucose.

Figure 1 Continuous glucose profiles of patients with or without dusk phenomenon. Red solid line refers to people with dusk phenomenon (DP); red dotted line is standard 
deviation of mean glucose for people with dusk phenomenon (DP); blue solid line refers to people without dusk phenomenon (NDP) and blue dotted line is standard 
deviation of mean glucose for people without dusk phenomenon (NDP).
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with pancreatic β-cell dysfunction.6,19 By contrast, the dusk phenomenon tends to be neglected and is rarely reported in 
China or abroad. No study to date has illustrated the potential mechanism of the dusk phenomenon. However, the dusk 
phenomenon is encountered in daily clinical practice, although it has long lacked a formal definition. About 20 years ago, 
a study involving 322 patients with type 1 diabetes mellitus using insulin pump therapy showed that most patients 
presented two peaks of insulin requirement: an early-morning peak and a night-time peak,20 possibly suggesting the 

Table 3 Comparison of CGM Metrics Between the Two Groups of Patients

Non-CLDP CLDP P

TIR3.9-10 (%) 79.76 (59.06, 89.45) 61.23 (42.06, 80.77) 0.035*
TBR<3 (%) 0 (0, 0.30) 0 (0, 3.22) 0.150

TBR<3.9 (%) 0 (0, 0.49) 0 (0, 3.22) 0.221

TAR>10 (%) 18.48 (10.08, 40.15) 32.91 (17.54, 57.71) 0.050*
TAR>13.9 (%) 3.58 (1.42, 14.02) 13.91 (5.81, 26.42) 0.024*
MBG (mmol/L) 7.86 (6.68, 9.18) 8.05 (6.21, 10.36) 0.712

SD (mmol/L) 1.13 (0.35, 1.74) 0.90 (0.48, 2.93) 0.992
CV (%) 16.77 (5.04, 23.06) 10.37 (6.12, 31.20) 0.959

LAGE (mmol/L) 13.42±4.44 13.91±3.40 0.717
MAGE (mmol/L) 3.08±0.99 3.01±0.79 0.823

GMI (mmol/mol) 51.11±10.86 52.75±12.66 0.631

Notes: Data are showed as median (P25, P75) or mean ± s.d. Significant differences are in bold and 
*P ≤ 0.05. 
Abbreviations: CLDP, clinical dusk phenomenon; TIR, time in range; TBR, time below range; TAR, 
time above range; MBG, mean blood glucose; SD, standard deviation; CV, coefficient of variation; 
LAGE, largest amplitude of glycemic excursion; MAGE, mean amplitude of glycemic excursion; GMI, 
glucose management indicator.

Figure 2 Significant differences between subgroups of non-CLDP and CLDP. *P < 0.05. 
Abbreviation: CLDP, clinical dusk phenomenon.
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Table 4 Correlation of CLDP with Clinical and 
CGM Parameters

Variables r P

Age (years) −0.201 0.039*
Gender (male/female) −0.051 0.614

HbA1c (%) −0.088 0.407
CREA (μmol/L) 0.078 0.461

BUN (mmol/L) −0.062 0.557

UA (μmol/L) −0.106 0.318
ALB (g/L) −0.034 0.758

AST (U/L) 0.031 0.763
ALT (U/L) −0.001 0.996

AKP (U/L) −0.194 0.076

TC (mmol/L) 0.124 0.272
TG (mmol/L) −0.066 0.561

FBG (mmol/L) −0.108 0.316

Complications (n) −0.181 0.068
TIR3.9-10 (%) −0.209 0.035*
TBR<3 (%) 0.143 0.151

TBR<3.9 (%) 0.122 0.222
TAR>10 (%) 0.195 0.050*
TAR>13.9 (%) 0.225 0.023*
MBG (mmol/L) 0.037 0.714
SD (mmol/L) −0.001 0.992

CV (%) −0.005 0.959

LAGE (mmol/L) 0.066 0.512
MAGE (mmol/L) −0.009 0.930

GMI (mmol/mol) 0.037 0.714

Note: Significant correlations were in bold and *P ≤ 0.05. 
Abbreviations: HbA1c, hemoglobin A1c; CREA, serum creati-
nine; BUN, blood urea nitrogen; UA, serum uric acid; ALB, albu-
min; AST, aspartate transaminase; ALT, alanine aminotransferase; 
AKP, alkaline phosphatase; TC, total cholesterol; TG, triglyceride; 
FBG, fasting blood glucose; TIR, time in range; TBR, time below 
range; TAR, time above range; MBG, mean blood glucose; SD, 
standard deviation; CV, coefficient of variation; LAGE, largest 
amplitude of glycemic excursion; MAGE, mean amplitude of gly-
cemic excursion; GMI, glucose management indicator.

Table 5 Independent Factors Related to CLDP by Binary 
Logistic Regression Analysis

OR (95% CI) P

TIR (%)
Model 1 0.089 (0.008–0.965) 0.047*
Model 2 0.054 (0.004–0.653) 0.022*
Model 3 0.085 (0.008–0.940) 0.044*
Model 4 <0.001 (<0.001–0.009) 0.001**

Notes: Model 1: not adjusted; model 2: adjusted for age and sex; model 
3: adjusted as described for model 2 in addition to presence of complica-
tions and %TAR; model 4: adjusted as described for model 3 in addition 
to HbA1c, FBG, MBG, SD, CV, LAGE, MAGE and GMI. Significant corre-
lations were in bold and *P < 0.05, **P < 0.01. 
Abbreviations: TIR, time in range; TAR, time above range; HbA1c, 
hemoglobin A1c; FBG, fasting blood glucose; MBG, mean blood glucose; 
SD, standard deviation; CV, coefficient of variation; LAGE, largest ampli-
tude of glycemic excursion; MAGE, mean amplitude of glycemic excur-
sion; GMI, glucose management indicator.
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existence of the dusk phenomenon. In 2016, researchers in China first proposed that the dusk phenomenon referred to 
spontaneous and transient pre-dinner hyperglycemia that can affect blood glucose control from the post-dinner to pre-bed 
periods.8 Clinical diagnosis of the dusk phenomenon was then presented two years later.9

In this cross-sectional study, by following the definition of the CLDP and using the δDG as described above, 12 
(11.76%) patients were assigned to the CLDP group and 90 patients to the non-CLDP group. The occurrence proportion 
was lower than 27.3% which reported by one 72 hours-CGM research,17 possibly because fewer participates were 
enrolled in our study, in addition, we were monitored for 14 days compared to 3 days in that study. All patients were 
treated with oral hypoglycemic agents or subcutaneous insulin infusions with no use of an insulin pump. Because 
continuous administration of insulin to simulate physiological insulin secretion via an insulin pump can partly eliminate 
glycemic variability, we were able to observe the dusk phenomenon more accurately under ideal conditions.

Table 6 Characteristics of CLDP and Non-CLDP Groups Based on 70%TIR

TIR > 70% TIR ≤ 70% P

Age (years) 60.15±11.84 60.88±11.79 0.761
Gender (male/female) 33/29 (53.2/46.8%) 25/15 (62.5/37.5%) 0.356

HbA1c (%) 7.79±1.44 9.04±1.97 0.002**
CREA (μmol/L) 72.0 (61.90, 86.0) 70.0 (63.0, 88.0) 0.962
BUN (mmol/L) 5.45 (4.75, 7.11) 5.99 (4.88, 7.06) 0.683

ALB (g/L) 46.64±3.11 46.12±3.11 0.458

AST (U/L) 21.0 (16.0, 26.75) 21.0 (16.75, 27.43) 0.922
ALT (U/L) 21.0 (14.0, 31.23) 27.0 (13.75, 33.25) 0.560

AKP (U/L) 77.82±25.86 81.88±24.81 0.478
TC (mmol/L) 4.08±1.14 4.22±1.05 0.590

TG (mmol/L) 1.29 (0.88, 1.82) 0.98 (0.84, 1.45) 0.077

FBG (mmol/L) 8.45 (6.86, 9.02) 9.57 (8.14, 13.44) 0.001**
Complications (n) 35 (56.5%) 24 (60.0%) 0.723

MBG (mmol/L) 7.04±1.08 10.0±2.63 <0.001***
SD (mmol/L) 0.90 (0.35, 1.30) 1.78 (0.71±3.63) <0.001***
CV (%) 11.28 (4.75, 19.05) 18.87 (10.09, 35.28) 0.007**
LAGE (mmol/L) 11.43±2.70 16.66±4.46 <0.001***
MAGE (mmol/L) 2.59±0.62 3.81±0.94 <0.001***
GMI (mmol/mol) 45.84±5.10 59.76±12.39 <0.001***
CLDP (n) 4 (6.5%) 8 (20.0%) 0.038*

Notes: Data are showed as n (%), mean ± s.d. or median (P25, P75). Significant differences are in bold 
and *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviations: TIR, time in range; HbA1c, hemoglobin A1c; CREA, serum creatinine; BUN, blood 
urea nitrogen; ALB, albumin; AST, aspartate transaminase; ALT, alanine aminotransferase; AKP, alkaline 
phosphatase; TC, total cholesterol; TG, triglyceride; FBG, fasting blood glucose; MBG, mean blood 
glucose; SD, standard deviation; CV, coefficient of variation; LAGE, largest amplitude of glycemic 
excursion; MAGE, mean amplitude of glycemic excursion; GMI, glucose management indicator; CLDP, 
clinical dusk phenomenon.

Table 7 Association Between TIR and CLDP

OR (95% CI) P

MAGE (mmol/L) 4.379 (1.451–13.215) 0.009**
GMI (mmol/mol) 1.161 (1.042–1.293) 0.007**
CLDP (%) 7.538 (1.062–53.517) 0.043*

Note: Significant correlations were in bold and *P < 0.05, **P < 0.01. 
Abbreviations: MAGE, mean amplitude of glycemic excursion; GMI, 
glucose management indicator; CLDP, clinical dusk phenomenon.
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One previous study mentioned above assessed the influence of the dusk phenomenon on the total glucose profile of 
patients with T2DM, revealing that the dusk phenomenon affects both HbA1c and MBG.17 In the present study, we found 
no correlation between the dusk phenomenon and HbA1c or MBG, and our data showed that patients in the CLDP group 
tended to be significantly younger than those in the non-CLDP group. Additionally, age was negatively correlated with 
the occurrence of the CLDP (r < 0, P < 0.05), suggesting that younger patients seem more likely to have CLDP. 
Moreover, patients with the CLDP showed a lower %TIR and higher %TAR than those without the CLDP. The 
correlation and regression analyses both showed a negative association between the TIR and CLDP.

The TIR is an intuitive metric defined as the time during which the glucose level is within a desired target range (3.9– 
10.0 mmol/L),21 and a %TIR of >70% would appear to be an ideal target for most patients with diabetes.22 Among 
CGM-related metrics, the TIR has surfaced as an indicator that is preferred by clinicians and patients to assess glycemic 
control.23 Moreover, the TAR, which represents hyperglycemia, is divided into two levels: level 1 (glucose level of 10.0– 
13.9 mmol/L) and level 2 (glucose level of >13.9 mmol/L). Similarly, the TBR, the time below range (hypoglycemia) is 
also divided into level 1 (glucose level of 3.0–3.9 mmol/L) and level 2 (glucose level of <3.0 mmol/L).21,24 Our study 
showed that the %TIR was negatively correlated with the CLDP (r = −0.209, P = 0.035), while the %TAR>10 and % 
TAR>13.9 showed a positive relationship with the CLDP (r = 0.195, P = 0.05 and r = 0.225, P = 0.023, respectively). In 
the binary logistic regression analysis, %TIR was presented as an independent negative predictor of the CLDP after 
stepwise adjustment for potential confounders. Thus, it is reasonable to speculate that %TIR plays a vital role in the 
incidence of CLDP. Several studies have explored the relationship between the TIR and biochemical parameters of blood 
glucose such as HbA1c, glycated albumin, and 1,5-anhydro-d-glucitol25–29 as well as metrics derived from CGM such as 
the GMI, ambulatory glucose profile indexes, and the CV.26,30–32 Concurrently, a steadily increasing amount of evidence 
emerged indicating that the TIR can predict the risk of chronic complications of diabetes such as diabetic retinopathy,33 

diabetic polyneuropathy,34,35 diabetic foot amputation,36,37 macrovascular disease,38 and even cancer mortality.39 We 
further divided our patients into those with a TIR of ≤70% (non-target group) and those with a TIR of >70% (target 
group) according to the 70%TIR boundary mentioned above. We found statistically significant differences in the 
incidence of the CLDP and glycemic control indicators such as HbA1c, FBG, MBG, SD, CV, LAGE, MAGE, and 
GMI between the two subgroups. Compared with patients who had a TIR of >70%, those with a TIR of ≤70% appeared 
to be more likely to experience the CLDP and have higher levels of HbA1c, FBG, MBG, SD, CV, LAGE, MAGE, and 
GMI. Next, the binary logistic regression showed that MAGE, GMI, and the incidence of CLDP were independently 
correlated with the TIR. Therefore, we concluded that a lower %TIR is associated with a higher probability of the CLDP.

To the best of our knowledge, this is the first study to demonstrate the association between the TIR and the CLDP. 
However, our study still had some limitations, for example, the number of subjects enrolled in this study is not too large, 
and the results will be more accurate if it is a multi-center study. Besides, we did not analyze the composition of the 
meals that the patients ingested. Moreover, further research is needed to clarify the mechanism of the dusk phenomenon 
and thus better decrease the occurrence of the dusk phenomenon and improve blood glucose control.

Conclusions
In conclusion, we have provided evidence that the dusk phenomenon is common in patients with T2DM. This study 
suggests that the TIR is significantly correlated with the occurrence of the CLDP and can serve as an independent 
negative predictor of the CLDP.
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