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Purpose: The mechanism of the dawn phenomenon remains poorly understood, and no targeted therapies are currently available. 
Emerging evidence suggests thyroid dysfunction may contribute to dawn phenomenon by modulating hepatic glucose output, insulin 
sensitivity, and β-cell function. This study utilized continuous glucose monitoring (CGM) to identify patients with type 2 diabetes 
exhibiting dawn phenomenon and to investigate its association with thyroid feedback efficiency.
Patients and Methods: This study included patients with type 2 diabetes. All patients underwent CGM before any adjustments to 
their glucose-lowering therapy. The dawn phenomenon was determined if the elevation of blood glucose from 3 AM to 7 AM was 
more than 1.11 mmol/L. Clinical data, including medications, diabetic complications and comorbidities, biochemical markers, 
hemoglobin A1c (HbA1c), beta-cell function, and thyroid function, were recorded.
Results: A total of 524 patients were included, of whom 265 (50.6%) exhibited the dawn phenomenon. A control group of 216 
patients was matched based on HbA1c levels from those without dawn phenomenon using propensity score matching. The standard 
deviation of blood glucose (SDBG) (2.26 vs 1.78, P=0.001) and coefficient of variation (CV) (22.86 vs 16.97, P<0.001) were 
significantly higher in the dawn phenomenon group compared to the non-dawn phenomenon group. Thyroid feedback quantile-based 
index (TFQI) of free thyroxine (FT4) was negatively correlated with the elevation of blood glucose from 3 AM to 7 AM (BG 3–7) (r= 
−0.211, P=0.002). Low-density lipoprotein (LDL) showed a positive correlation with fasting blood glucose (r=0.242, P=0.001) and BG 
3–7 (r=0.123, P=0.083). Regression analysis indicated that TFQI of free triiodothyronine (FT3) (β=−2.399, P<0.001) and LDL 
(β=0.550, P=0.004) were independent predictors of BG 3–7.
Conclusion: The dawn phenomenon significantly correlates with glycemic fluctuation severity and TFQI. These findings indicate the 
relationship between thyroid hormones and glucose regulation, providing new insights into the mechanism of the dawn phenomenon.
Keywords: diabetes, dawn phenomenon, blood glucose variability, thyroid hormones

Introduction
Type 2 diabetes mellitus (T2DM) has become a major global public health issue, characterized by regional variations and 
an increasing prevalence.1,2 Blood glucose variability may exacerbate the onset and progression of diabetic complications 
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(cardiovascular disease, retinopathy, nephropathy, and neuropathy) through oxidative stress, endothelial dysfunction, and 
inflammatory responses.3–6 Therefore, minimizing glycemic variability is crucial for patients with diabetes.7

The dawn phenomenon refers to a significant rise in blood glucose levels or an increased insulin requirement in the 
early morning hours, despite relatively stable overnight glucose levels.8 Dawn phenomenon significantly elevates 24- 
hour mean blood glucose levels, sustains postprandial glucose fluctuations following breakfast,9 and increases hemoglo
bin A1c (HbA1c) by roughly 4 mmol/mol (0.39%).10

The mechanistic basis of the dawn phenomenon involves disruptions in hormonal secretion rhythms, aggravated 
insulin resistance, and increased hepatic glucose production.11–13 Relatively low insulin levels combined with signifi
cantly increased secretion of counter-regulatory hormones (cortisol, growth hormone, and catecholamines) enhance 
hepatic gluconeogenesis and glycogenolysis, ultimately elevating blood glucose levels during the dawn period.14–16

Thyroid hormones influence blood glucose levels by regulating hepatic glucose metabolism, insulin secretion, and 
tissue sensitivity.17,18 In hyperthyroidism, excessive thyroid hormones accelerate hepatic glucose output, promote 
glycogenolysis, and increase insulin resistance, leading to elevated blood glucose levels; whereas hypothyroidism may 
reduce glucose metabolic rate and potentially cause hypoglycemic tendency.17 Additionally, thyroid hormones can affect 
pancreatic β-cell function and intestinal glucose absorption, which are closely related to the development and progression 
of diabetes.19,20 Thyroid feedback quantile-based index (TFQI) is used to quantify the feedback regulation efficiency of 
the hypothalamic-pituitary-thyroid (HPT) axis. Compared with conventional separate measurements of free thyroxine 
(FT4) and thyroid stimulating hormone (TSH), TFQI can more sensitively identify mild thyroid dysfunction.21 This 
index ranges between −1 and 1. Negative values indicate lower TSH than that expected for the actual Thyroid Hormone 
(TH) (which means higher sensitivity to TH).22,23 However, no studies have yet investigated the relationship between 
TFQI characteristics and blood glucose.

The clinical application of continuous glucose monitoring (CGM) technology helped detect the dawn phenomenon 
and differentiate it from other causes of elevated morning fasting blood glucose, such as the Somogyi effect and 
sustained nocturnal hyperglycemia.24 It is more precise than nocturnal self-monitoring of blood glucose (SMBG) in 
detecting the dawn phenomenon.25

The exact mechanism underlying the dawn phenomenon remains unclear, and effective treatment options are lacking. 
In this study, we used CGM to identify patients with T2DM who experienced the dawn phenomenon and to explore the 
relationship between dawn phenomenon and thyroid hormones.

Research Design and Methods
Study Participants
This cross-sectional study was approved by the Ethics Committee of Nanjing First Hospital prior to initiation. All 
procedures complied with the principles of the Helsinki Declaration. Data were retrospectively collected from a medical 
review database containing no identifiable private information, with approval from the relevant department. Since the 
study posed no more than minimal risk and the waiver did not adversely affect participants’ rights or welfare, the 
requirement for informed consent was waived. This study is a sub-study of the trial registered at ClinicalTrials.gov 
(Analysis of Relevant Influencing Factors of Glycemic Control in Patients With Diabetes, NCT05854862).

Patients with T2DM admitted to the Department of Endocrinology at Nanjing First Hospital between August 2018 
and March 2020 were included. Inclusion Criteria: (1) Age 18–90 years; (2) Diagnosis of T2DM according to the 1999 
WHO criteria for diabetes diagnosis;26 (3) Patients completed 72-hour CGM while maintaining stable glucose-lowering 
regimens and tested thyroid function meanwhile. Exclusion Criteria: (1) Patients with blood glucose more than 
22.2 mmol/l; (2) Patients with severe systemic disease; (3) Patients treated with systemic glucocorticoids within the 
last three months; (4) Patients without any records about HbA1c, CGM, SMBG, and thyroid hormones.

Based on preliminary pilot results (dawn phenomenon incidence of 50.6%, correlation coefficient between TFQI and 
BG 3–7 of r=−0.211), we performed sample size estimation using PASS 15.0 software. With a two-sided α of 0.05 and 
90% power to detect a ≥20% intergroup difference in incidence rates (50.6% vs 30.0%), the minimum required sample 
size was calculated to be 218 cases (109 per group). Accounting for a 20% dropout rate, the theoretical sample size 
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needed was 273 cases. This study ultimately enrolled 524 patients, substantially exceeding the calculated requirement to 
enhance the robustness of findings.

Clinical and Laboratory Assessments
Basic clinical data included age, sex, duration of T2DM, anthropometric measurements (height, weight, waist circum
ference, hip circumference), diabetic complications and comorbidities, and history of antidiabetic medication use. These 
data, along with laboratory results and CGM data, were collected from hospital admission records. Body mass index 
(BMI) was calculated as weight in kilograms divided by height in meters squared. Waist-to-hip ratio (WHR) was 
determined by dividing waist circumference by hip circumference.

A standardized 75g OGTT was performed with glucose dissolved in 200mL water. Serum samples were collected at 
0, 30, and 120 minutes for measurement of glucose, insulin, and C-peptide levels, which were measured centrally at the 
central laboratory in Nanjing First Hospital, Nanjing Medical University. FT4, free triiodothyronine (FT3), and TSH, 
collected by trained phlebotomists at 7:00 AM after an overnight fast (≥8 hours), were detected by chemiluminescence 
(Abbott, Lake County, IL). HbA1c was measured by a DiaSTAT HbA1c analyzer (Bio-Rad, Hercules, CA). The 
following thyroid function indices were calculated: thyroid feedback quantile-based index of FT4 (TFQIFT4)=cdfFT4- 
(1-cdfTSH)(cdf, cumulative distribution function), TFQIFT3=cdf FT3-(1-cdfTSH), thyroid-stimulating hormone index 
(TSHI)=InTSH+ 0.1345×FT4, thyrotroph thyroxine resistance index (TT4RI)=FT4×TSH.27–29

Patients received standardized education from specialized nurses prior to CGM application, following the Clinical 
Guidelines for Continuous Glucose Monitoring. All participants from both groups underwent 72-hour blinded CGM 
using the Medtronic Sof-sensor CGMS-Gold system (Medtronic Incorporated, Northridge, USA) under the supervision 
of specialized nurses in the hospital setting. Participants were instructed to maintain their usual physical activity levels 
and adhere to a standardized diet providing 25 kcal/kg/day (60% carbohydrates, 20–25% lipids, and 15–20% protein), 
with strictly scheduled meal times at 07:00 (breakfast), 11:00 (lunch), and 17:00 (dinner) throughout the 72-hour 
monitoring period. The CGM system was calibrated four times daily using fingerstick blood glucose measurements. 
Between-group differences were analyzed for the following parameters: 24-hour mean blood glucose (MBG), standard 
deviation of blood glucose (SDBG), coefficient of variation (CV), and time in range (TIR). The dawn phenomenon was 
defined as a blood glucose elevation >1.11 mmol/L between 3:00 AM and 7:00 AM, in the absence of nocturnal 
hypoglycemia.8

Statistical Analysis
Statistical analyses were performed using SPSS 26.0 (IBM Corp, Armonk, NY). Continuous variables with normal 
distribution were presented as mean ± standard deviation (�x� s), and independent samples t-tests were used for between- 
group comparisons. Propensity score matching was employed to select matched controls from non-dawn phenomenon 
patients based on HbA1c levels. For non-normally distributed data, we reported median and interquartile range [M (P25, 
P75)] and used Mann–Whitney U-tests. Categorical variables were expressed as frequencies and percentages [n (%)], 
analyzed using χ²-tests.

We assessed variable correlations using Spearman’s rank correlation coefficient. For regression analysis, a stepwise 
linear regression model (entry P < 0.1, removal P > 0.05) evaluated factors influencing nocturnal blood glucose 
variability. Logistic regression analyzed variable impacts on clinical outcomes. The Kruskal–Wallis test screened for 
significant differences in BG 3–7 among TFQIFT3 quartile groups, with post hoc analysis identifying specific group 
differences. Statistical significance was set at p < 0.05.

Results
Baseline Characteristics
A total of 481 patients were included in this study (265 in the dawn phenomenon group and 216 in the non-dawn 
phenomenon group). Subsequently, patients in both groups were propensity score-matched based on HbA1c levels. After 
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matching, the dawn phenomenon group comprised 145 patients, while the non-dawn phenomenon group included 65 
patients (Figure 1).

As shown in Table 1, there were no significant differences between the two groups in baseline characteristics such as 
age, BMI, disease duration, HbA1c, fasting and postprandial C-peptide levels (P > 0.05). Additionally, in terms of 
diabetic complications, the difference in the prevalence of neuropathy (5.52% vs 16.92%) approached statistical 
significance (P = 0.008).

The blood glucose variability parameters, SDBG (2.26 vs 1.78, P=0.001) and CV (22.86 vs 16.97, P<0.001), were 
significantly higher in the dawn phenomenon group. We also compared the average glucose concentrations per hour 
between the two groups (Figure 2). The blood glucose levels in the dawn phenomenon group were higher during the 
early morning hours (from 7:00 to 9:00) compared to the non-dawn phenomenon group (P all <0.01).

Correlation Analysis Between Thyroid Function and Blood Glucose
Thyroid function parameters were significantly correlated with glucose parameters. FT4 was positively correlated with 
fasting blood glucose (FBG) (r = 0.149, P = 0.049) and negatively correlated with SDBG (r = −0.150, P = 0.040). TT4RI 
was significantly negatively correlated with blood glucose difference (r = −0.181, P = 0.009). TFQIFT4 was negatively 
correlated with the elevation of blood glucose from 3 AM to 7 AM (BG 3–7) (r=−0.211, P=0.002). BMI and WHR were 
significantly negatively correlated with SDBG and CV, suggesting that obesity may suppress variability. Low-density 
lipoprotein (LDL) showed a positive correlation with FBG and a trending positive correlation with BG 3–7 (P all <0.05), 
as shown in Figure 3.

Regression Model and Predictive Performance
Based on the results of univariate and correlation analyses, this study employed binary logistic regression to examine the 
association between the dawn phenomenon and potential influencing factors. The independent variables included age, 
BMI, TFQIFT3, TT4RI, TSHI, LDL, gamma-glutamyl transferase, neuropathy, SDBG, and CV. The multivariate analysis 
revealed that TFQIFT3 and Neuropathy had a negative association with the dawn phenomenon group (OR = 0.105, 95% 
CI = 0.014–0.746, P = 0.029; OR =0.115, 95% CI = 0.0.031–0.433, P = 0.001), while LDL and CV significantly 

Figure 1 Trial profile.
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increased the risk of the dawn phenomenon (OR =2.900, 95% CI = 1.379–6.101, P = 0.005; OR =1.126, 95% CI 
=1.033–1.227, P = 0.007), as shown in Table 2.

A stepwise regression analysis was conducted with alanine aminotransferase, aspartate aminotransferase, gamma- 
glutamyl transferase, alkaline phosphatase, total cholesterol, triglycerides, high-density lipoprotein, LDL, TSH, FT3, 
FT4, FT3/FT4, TT4RI, TSHI, TFQIFT3, TFQIFT4, BMI, WHR, FBG as independent variables, and BG 3–7 as the 
dependent variable. TFQIFT3 (β = −2.399, P < 0.001) and LDL (β = 0.550, P = 0.004) were identified as independent 
predictors of blood glucose difference. The model explained 13.9% of the variance (R² = 0.139, F = 10.468, P < 0.001), 
indicating the model’s validity. The model formula is: Predicting BG 3–7 = 0.244–2.399TFQIFT3 + 0.550LDL. 
Additionally, a test for multicollinearity showed that all VIF values in the model were less than 5, indicating no 
collinearity issues. Furthermore, the Durbin-Watson (D-W) value was around 2, suggesting that there is no autocorrela
tion, and the sample data are independent, making the model robust, as shown in Table 3.

The Blood Glucose Characteristics at Different Levels of TFQIFT3
The TFQIFT3 data is divided according to the following quartiles: Quartile 1 (Q1): −0.583 to −0.206, Quartile 2 (Q2): −0.206 
to −0.051, Quartile 3 (Q3): −0.051 to 0.117, Quartile 4 (Q4): 0.117 to 0.617, and then the Kruskal–Wallis test is used to 

Table 1 Baseline Characteristics of Participants

Non-Dawn Phenomenon  
Group (n=65)

Dawn Phenomenon  
Group (n=145)

P valuea

Age 54.00(46.00,61.00) 53.00(45.00,61.00) 0.930

BMI (kg/m²) 24.30(22.10,26.20) 24.08(22.10,26.80) 0.924

Duration of illness (months) 12.00(1.00,60.00) 12.00(1.00,78.00) 0.456
Waist-to-hip ratio 0.93(0.90,1.00) 0.94(0.90,1.00) 0.297

HbA1c (%) 9.500(7.80,11.30) 9.700(8.10,11.10) 0.987

Fasting C-peptide (ng/mL) 1.96(1.10,2.70) 1.89(1.30,2.60) 0.757
C-peptide at 120 minutes (ng/mL) 4.23(2.50,5.90) 4.16(2.40,6.40) 0.992

MBG 9.47(7.20,11.50) 9.84(8.0,12.0) 0.319
SDBG 1.78(1.10,2.40) 2.26(1.60,2.90) <0.001**

CV 16.97(14.00,24.70) 22.86(18.30,27.90) <0.001**

TIR 65.97(30.20,93.70) 57.99(28.60,87.20) 0.287
Gender (male) 46.00(70.77) 112.00(77.24) 0.315

Hypertension (%) 32.00(49.23) 64.00(44.14) 0.493

Coronary heart disease (%) 9.00(13.85) 20.00(13.79) 0.992
Cerebral infarction (%) 8.00(12.31) 22.00(15.17) 0.583

Diabetic complications

Neuropathy (%) 11.00(16.92) 8.00(5.52) 0.008**
Retinopathy (%) 10.00(16.67) 19.00(14.50) 0.699

Nephropathy (%) 20.00(30.77) 42.00(28.97) 0.791

Receiving glucose-lowering drugs
Insulin (%) 8.00(12.31) 30.00(20.69) 0.145

Sulfonylurea (%) 8.00(12.31) 15.00(10.34) 0.674

Metformin (%) 14.00(21.54) 30.00(20.69) 0.889
Acarbose (%) 9.00(13.85) 13.00(8.97) 0.286

TZDs (%) 0.00(0.00) 1.00(0.69) 0.502

DPP-4 inhibitors (%) 1.00(1.54) 4.00(2.76) 0.592
GLP-1 agonist (%) 1.00(1.54) 1.00(0.69) 0.558

Nateglinide (%) 0.00(0.00) 4.00(2.76) 0.176

Note: Data are mean (95% CI) or number (percentage); * p<0.05, ** p<0.01; aDifference between two groups with the Mann–Whitney 
U-test or chi-square test. 
Abbreviations: BMI, body mass index; HbA1c, Hemoglobin A1c; DPP-4, dipeptidyl peptidase 4; TZDs, thiazolidinediones.; GLP-1 
agonist, Glucagon-like peptide-1 receptor agonist; TIR, time in target range; MBG, mean blood glucose; CV, coefficient of variation; 
SDBG, standard deviation of blood glucose.
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analyze the differences of blood glucose characteristics (BG 3–7, MBG, SDBG, CV, and TIR) between the quartile groups. 
A significant difference in BG 3–7 was observed across different TFQIFT3 quartile groups (Q1 to Q 4) (p=0.011). Further 
post hoc comparisons revealed a significant difference between Q2 and Q3 (p=0.014), as shown in Table 4.

Discussion
The current study demonstrated significantly greater blood glucose variability in patients with dawn phenomenon. 
Notably, TFQI, a quantitative index of hypothalamic-pituitary-thyroid axis sensitivity to thyroid hormone feedback, 
was negative association with the dawn phenomenon, which has never been reported before.The impact of dawn 
phenomenon on blood glucose variability has been well-documented. Research indicates that the dawn phenomenon 
leads to a significant rise in morning blood glucose levels, which elevates SDBG and CV.10,30 These findings are 
consistent with our study results, supporting the reliability of our data. The dawn phenomenon significantly increases 
the risk of both macrovascular and microvascular complications in diabetes by exacerbating blood glucose fluctua
tions and prolonged hyperglycemic states.31 The diabetic neuropathy subgroup in this study had an extremely small 
sample size (n=19). Although a negative correlation trend with the dawn phenomenon was observed, the statistical 
power was inadequate. This finding likely reflects confounding influences (eg, differences in disease duration) rather 
than a genuine biological association. Future prospective studies with larger cohorts are needed to validate this 
hypothesis.

The present study revealed a significant inverse association between the dawn phenomenon and TFQI. In this study, 
for every 1-unit increase in central sensitivity to thyroid hormones, the likelihood of the dawn phenomenon occurring is 
reduced to 0.286 times the original probability. Studies have shown that individuals with higher TFQI are more likely to 
develop diabetes and metabolic syndrome.32,33 Currently, there are no reported studies on the relationship between TFQI 
and dawn phenomenon. Research indicates that hypothyroidism, characterized by reduced thyroid hormone levels, 
decreases basal metabolic rate and enhances hepatic gluconeogenesis, leading to increased nocturnal hepatic glucose 
output.34 Concurrently, diminished insulin sensitivity in peripheral tissues further exacerbates morning hyperglycemia.9 

Additionally, hypothyroidism triggers compensatory activation of the hypothalamic-pituitary-adrenal (HPA) axis, elevat
ing cortisol secretion.35 This effect, combined with the hyperglycemic action of growth hormone, collectively aggravates 
the dawn phenomenon.36 In contrast, hyperthyroidism markedly increases metabolic rate. Short-term, it may mitigate the 
dawn phenomenon by enhancing glucose utilization and suppressing cortisol secretion.37 However, chronic hyperthyr
oidism can ultimately impair glycemic control due to β-cell dysfunction and accumulated oxidative stress.38 Even 
subclinical thyroid dysfunction, despite milder manifestations, may similarly disrupt glucose circadian rhythms through 
analogous mechanisms.37 Compared to conventional isolated measurements of TSH and FT4, TFQI demonstrates 
superior sensitivity in detecting mild thyroid dysfunction.21 Our results reveal a significant inverse correlation between 

Figure 2 The Average Glucose Concentrations Per Hour Between the Two Groups. The blue circles represent the non-Dawn phenomenon group, and the red squares 
represent the dawn phenomenon group. It can be observed that at 7:00 AM (indicated by the vertical dotted line), 8:00 AM, and 9:00 AM, the blood glucose levels in the 
dawn phenomenon group are significantly higher. 
Note: a, P < 0.01; b, P < 0.05.
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TFQI and the dawn phenomenon, which aligns with previous research findings. On the other hand, previous study found 
that high glucose-induced ROS accumulation impaired thyroid follicular cells, reducing hormone synthesis.39 

Additionally, hyperglycemia and insulin resistance suppress 5′-deiodinase in liver and kidney, decreasing active T3 
production.40 These findings demonstrate a close link between thyroid dysfunction and glucose metabolism disorders. 
This study reveals a potential mechanistic link between thyroid dysfunction and the dawn phenomenon. Building upon 
previous research evidence (eg, the well-documented association between hyperthyroidism and elevated fasting blood 
glucose), thyroid disorders may represent a significant contributing factor to the dawn phenomenon. Therefore, for 
patients with type 2 diabetes, implementing thyroid function assessment and glycemic variability monitoring could 
facilitate improved management of the dawn phenomenon and enable more personalized precision treatment. 
Furthermore, our findings provide new insights into the pathogenesis of the dawn phenomenon and establish an evidence- 
based foundation for future research.

Figure 3 Correlations of Thyroid Function, Liver Enzymes, Lipids, and BMI with Glycemic Control in T2DM Patients. The color bar represents the correlation coefficient 
(r), with red indicating positive correlations and blue indicating negative correlations. Darker colors represent stronger correlations. 
Note: *p<0.05, **p<0.01. 
Abbreviation: BG 3–7, blood glucose elevation from 3 AM to 7 AM; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; GGT, Gamma-glutamyl transferase; 
ALP, Alkaline phosphatase; TC, Total cholesterol; TG, Triglycerides; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; TSH, Thyroid Stimulating Hormone; FT3, 
Free Triiodothyronine; FT4, Free Thyroxine; FT3/FT4, Free Triiodothyronine/Free Thyroxine Ratio; BMI, body mass index; TT4RI, Thyrotroph Thyroxine Resistance Index; 
TSHI, Thyroid-Stimulating Hormone Index.
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This study found that elevated LDL levels are associated with the occurrence of the dawn phenomenon. Previous 
studies indicate that the accumulation of cholesterol esters in pancreatic β-cells activates the unfolded protein response, 
which can inhibit insulin secretion and elevate blood glucose levels.41,42 Meanwhile, ox-LDL promotes macrophage 
infiltration into adipose tissue through the TLR4/MyD88 pathway, releasing IL-6 and TNF-α, which can interfere with 
insulin signaling and elevate fasting blood glucose levels.43,44 These studies collectively suggest that elevated LDL 

Table 2 Univariate and Multivariate Logistic Regression Analyses of Factors Associated with the 
Dawn Phenomenon

Variable Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

Age 1.007(0.982–1.032) 0.584 1.004(0.968–1.041) 0.843
BMI (kg/m²) 0.999(0.913–1.094) 0.991 1.044(0.925–1.178) 0.485

TFQIFT3 0.405(0.126–1.299) 0.129 0.105(0.014–0.746) 0.029*

TT4RI 0.995(0.986–1.004) 0.290 1.007(0.989–1.026) 0.462
TSHI 0.785(0.560–1.101) 0.161 0.677(0.395–1.161) 0.156

Low-density lipoprotein (mmol/l) 1.617(0.999–2.617) 0.051 2.900(1.379–6.101) 0.005**

Gamma-glutamyl transferase (U/L) 1.005(0.997–1.014) 0.239 1.006(0.997–1.015) 0.198
Neuropathy (%) 0.287(0.109–0.751) 0.011 0.115(0.031–0.433) 0.001**

SDBG 1.823(1.276–2.605) 0.001 0.980(0.496–1.937) 0.954

CV 1.080(1.032–1.130) 0.001 1.126(1.033–1.227) 0.007**

Note: *p<0.05, **p<0.01. 
Abbreviations: TFQIFT3, thyroid feedback quantile-based index of free triiodothyronine; TT4RI, Thyrotroph Thyroxine 
Resistance Index; TSHI, Thyroid-Stimulating Hormone Index; OR, odds ratio.

Table 3 Stepwise Regression Analysis of Predictors for Blood Glucose 
Elevation from 3 AM to 7 AM

Variable Stepwise Regression Analysis

β 95% CI P value

TFQIFT3 −2.399 −4.071 ~ −1.366 <0.001

Low-density lipoprotein (mmol/l) 0.550 0.179 ~ 0.913 0.004

Abbreviation: β, standardized regression coefficient.

Table 4 The Kruskal Wallis Test Results of BGD 3–7 AM Across Different TFQIFT3 Ranges

TFQIFT3 The Kruskal– 
Wallis test 

statistic 
H value

P Value

Quartile 1  
(−0.583 to −0.206)

Quartile 2  
(−0.206 to −0.051)

Quartile 3  
(−0.051 to 0.117)

Quartile 4 
(0.117 to 0.617)

BG 3–7 (mmol/l) 1.53(0.90,3.40) 2.080(1.20,2.70) 1.24(0.60,1.90) 1.39(0.70,2.30) 11.184 0.011*
MBG 9.85(7.60,11.90) 10.112(7.60,12.80) 9.98(8.10,11.60) 9.41(7.60,11.50) 1.003 0.801

SDBG 2.20(1.60,3.00) 1.91(1.60,3.00) 2.14(1.40,2.60) 2.11(1.50,2.70) 0.941 0.816

CV 21.38(16.70,28.70) 20.86(16.4,27.0) 20.90(17.20,26.00) 22.23(15.40,29.70) 0.835 0.841
TIR 57.99(22.90,89.10) 53.13(19.5,87.4) 59.38(30.00,87.50) 64.58(37.00,89.20) 0.572 0.903

Note: *p<0.05, **p<0.01. 
Abbreviation: BG 3–7, blood glucose elevation from 3 AM to 7 AM.
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levels may be associated with increased fasting blood glucose, which is consistent with the findings of the present 
study.

Limitations
Several study limitations should be acknowledged. The cross-sectional design of the study cannot establish a causal 
relationship between central sensitivity to thyroid hormones and the dawn phenomenon. In future research, we plan to 
conduct prospective cohort studies to better elucidate the temporal relationship between thyroid function parameters and 
the dawn phenomenon. The present study included patients with T2DM admitted to the hospital. Therefore, the physical 
activity, medication adherence, and diet were standardized and managed in the hospital, and no adjustments are 
necessary. However, we have no records of sleep quality, which may have led to result misinterpretation.45,46 Future 
research should incorporate wearable devices (eg, smart wristbands) to obtain more comprehensive behavioral data. 
Future studies, both in vivo and in vitro, are still needed to further elucidate the precise mechanisms linking the dawn 
phenomenon with central thyroid hormone sensitivity.

Conclusion
This study demonstrates a significant correlation between the dawn phenomenon and the magnitude of glycemic 
fluctuations, and for the first time establishes a significant association between TFQI and the dawn phenomenon, 
providing novel insights into its pathogenesis. The innovative application of TFQI, a quantitative index of thyroid 
feedback, proves more effective than conventional thyroid function tests in reflecting subtle regulatory abnormalities of 
the hypothalamic-pituitary-thyroid (HPT) axis. This study highlights the need for special management of the dawn 
phenomenon in patients with diabetes and concomitant thyroid dysfunction, while also establishing an evidence-based 
foundation for future research.
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