
The role of advanced glycation end 
products between thyroid function 
and diabetic nephropathy and 
metabolic disorders
Yi Zhang1,8, Yanlei Wang1,8, Qingqing Kang1, Yijing Chen1, Liya Ai1, Keyan Hu2, Li Gong3, 
Li Zhu4, Zixiang Yu5, Ran Chen6, Jin Cui7, Tian Jiang1 & Qiu Zhang1

purpose of this study was to investigate the relationship between AGEs, TSH, metabolic metrics and 
DN, and to provide evidence for future intervention. Method: This study selected community health 
service centers which had signed medical alliance agreement with the First Affiliated Hospital of Anhui 
Medical University and outpatints and inpatients in Anhui province. From March 2018 to July 2022, 
the multi-stage cluster sampling. method was used to screen residents aged 18–90 years in the above 
areas. Participants’ blood was collected on an empty stomach to detect TSH, blood lipids, liver and 
kidney function and blood glucose, in addition, AGEs levels were detected by skin autofluorescence 
(SAF), and urine was retained to measure the ratio of urinary microalbumin to creatinine concentration 
by ACR. One-way ANOVA was used to compare the differences between general data, biochemical 
markers, and urinary ACR, association between variables. Result: A total of 7000 patients who 
participated in community health examination and inpatients and also had no history of serious mental 
disorders were selected. After excluding data with missing value of more than 5%, 6921 samples were 
finally included, and the effective rate was 94.4%. Following health risk factors (HRFs), such as body 
mass index (BMI), TSH, low-density lipoprotein (LDL), TyG (triglyceride glucose index), systolic blood 
pressure (SBP), cholesterol (TC), and uric acid (UA) were associated with a higher incidence of urine 
ACR. In moderation analysis, there is an significant effect among TSH, AGEs and DN, HRFs moderate 
also these effect. Conclusion: The findings suggest that HRFs such as HDL, TyG and TC should be 
prioritized when evaluating indicators related to DN to effectively reduce DN in Chinese patients with 
high health risk levels. Comprehensive indicators may be an effective and practical. method to evaluate 
the metabolic progression of DN. Optimizing thyroid function management may be a new strategy 
to prevent and treat DN and may help reduce the risk of AGE-related complications in people with 
diabetes. This study highlights the important role of AGEs in the relationship between TSH and DN. In 
addition, future studies should further explore how to improve the management and prevention of DN 
by regulating TSH.

Among the leading causes of disability and death in patients with type 1 diabetes mellitus (T1DM) 
and type 2 diabetes (T2DM), chronic kidney disease (CKD) occupies a certain position. Multi-factor 
intervention targeting advanced glycation end products (AGEs), blood glucose, blood pressure and 
lipids can reduce the morbidity and mortality of diabetic nephropathy (DN) in T2DM patients through 
thyroid stimulating hormone (TSH), which plays an important role in the pathological process of 
metabolic diseases such as DN. AGEs, as a key factor in metabolic regulation, may affect the formation 
and function of the thyroid gland; However, in DN, the correlation between AGEs and TSH has not 
been clarified. We hypothesized that AGEs aggravated the negative effect of TSH on DN. The. 
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Diabetes, as a common metabolic disease, has always affected people’s health, according to the latest data from the 
International Diabetes Federation (IDF), 1 in 10 people suffer from diabetes; and what is even more frightening 
is that by 2045, this would translate to one in eight people developing diabetes, or approximately 783 million 
people1. So the complications of diabetes, especially diabetic microangiopathy, bring great distress to patients2, 
but also bring great negative impact on the economy; diabetic nephropathy (DN) posing a significant morbidity 
and mortality risk3. A meta-analysis of observational studies showed that the overall combined prevalence of DN 
from January 1980 to October 2019 was 21.8% [95% confidence interval (CI): 18.5–25.4%]4. Another systematic 
review and meta-analysis reviewed the incidence rate of diabetic kidney disease (DKD) among patients with 
T2DM ranged from 6.0 to 62.3%5. In view of such a high prevalence rate, it will have an impact on the life and 
even the life of diabetic patients, so it is very important to understand the influencing factors of the occurrence 
of DN and observe the interaction between the influencing factors.

There are several factors and mechanisms related to the development and prognosis of DN. DN is also 
one of the leading causes of end-stage renal disease worldwide, and some common indicators are major risk 
factors for DN, including hypertension6and hyperlipidemia7. There are various methods to diagnose DN. 
Microalbuminuria, as an early marker of DN, can be used as routine screening in most hospitals. However, 
kidney injury can occur even in the absence of microalbuminuria, which exists in many patients with a long 
course of diabetes3,8. Meanwhile, lipid profile matrics play an important role, there was an indicator that high 
TyG (triglyceride-glucose index) was significantly associated with DN9,10, cardiovascular disease (CVD)11,12. We 
found in the evidence of previous studies that elevated blood pressure is an important risk of DN, and reasonable 
management of blood pressure plays an important role in DN13.

The thyroid gland plays a critical role in regulating metabolism, and its dysfunction can influence the 
progression of diabetes and its complications14. Among them, diabetes and thyroid dysfunction can co-exist, 
and thyroid dysfunction can also impair metabolic control in diabetic patients, and the prevalence of thyroid 
dysfunction in diabetic patients ranges from 2.2 to 17%15. Moreover, relative study has demonstrated that 
thyroid stimulating hormone (TSH) and FT3 are significant predictors for DN in patients with T2DM, they 
used thyroid hormone to predict DN by ROC curve, and the result was 0.850 (95% CI: 0.776–0.923)16, although 
this study have not explored the mechanism, this study also found TSH correlated with DN. Previous studies 
looking at the association between thyroid function and DN in T2DM subjects with normal thyroid function 
suggested that FT3 (odds ratio 0.60606 per SD increase [95%CI: Levels of FT4 (per SD increase, or 0.944 [0.894–
0.998]) were inversely associated with DN, suggesting that kidney problems in diabetic patients are affected even 
when thyroid function is normal17. Han et al. reported that TSH and FT3 were correlated with kidney function. 
According to the results of logistic regression analysis, high TSH and low FT3 were significantly correlated with 
kidney function, these include estimated glomerular filtration rate (eGFR), urine protein, serum creatinine and 
serum cystatin C; The quarterback and 8-point analysis showed that the severity of the changes in the above 
results decreased with increasing FT3 levels; In addition, the researchers also built a synergistic additive model 
to compare the effects of a single variable, and found that the incidence of overt proteinuria was significantly 
higher in the additive model than when the other two variables were presented alone, as was the case with 
massive proteinuria18. As for other factors, TSH is negatively correlated with serum uric acid, and increased TSH 
is an independent risk factor for hyperuricemia in T2DM patients with early-stage DKD19.

Hyperuricemia was correlated with metabolic syndrome, which further have an impact on DN20. There was 
also evidence that indicate that thyroid hormones, especially TSH, may be involved in the regulation of uric acid 
metabolism in early DKD patients, which further proves that there is some correlation between uric acid (UA), 
TSH, and DN. Temporary hyperglycemia causes the accumulation of advanced glycosylation end products 
(AGEs), which further deepens the progression of DN21. Previous studies have found that the formation of 
AGEs further leads to diabetic complications, including DN22. Therefore, it is urgent to develop AGE-related 
inhibitors21to prevent the progress of DN, and this study verified receptor for AGEs play an important role 
between glucagon like peptide-1 receptor agonists and inflmmation through kidney protect effect among DN23.

However, there were also studies with negative results, and although there was a difference in TSH between 
uncomplicated and diabetic nephropathy patients, the difference was not statistically significant15. Previous 
studies on these health risk factors (HRFs) to a certain extent supported the evidence that promoted the 
formation and development of DN. Regardless of the effect size, HRFs is also a predictive factor. Negative results 
also indicated that the establishment of HRFs and HRFs-DN requires a comprehensive evaluation model. The 
interaction among factors that affect the development of DN will be considered to a greater extent. Considering 
the large sample size of comprehensive examination in some primary community hospitals, there is still a lack of 
relevant reports on comprehensive physical examination suitable for DN assessment. To bridge this important 
knowledge gap, we undertook a large-scale, multicenter, cross-sectional study across diverse communities 
within Anhui Province. This research aimed to elucidate the relationships between various HRFs and DN, with 
the ultimate goal of developing a practical and applicable assessment tool for DN that can be utilized in primary 
healthcare environments. By doing so, we hope to contribute meaningful data and methodologies that can 
enhance early detection and management strategies for DN in resource-limited settings24. This study aimed to 
investigate the relationship between AGEs, TSH, and the development of DN and metabolic disorders in patients 
with T2DM. Specifically, we hypothesized that suboptimal thyroid function would be associated with higher 
levels of AGEs and a greater prevalence of diabetic nephropathy, and that TSH would moderate the relationship 
between AGEs and kidney function.
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Methods
Study design
This is a retrospective cross-sectional study, based on the theory that HRFs are closely related to prediabetes, 
diabetes and its complications, such as and DN, and supported by the role of TSH in DN, this study aimed to 
explore the comprehensive relationship between HRFs (including metabolic metrics) and the epidemiology of 
DN and its complications. The study was designed and reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) checklist. This study was approved by the ethics committee of 
the First Affiliated Hospital of Anhui Medical University (Ethics Approval No: PJ2019-09-05).

Settings
Participants were from community health service centers, outpatients, and inpatients in Anhui Province, China. 
After obtaining informed consent, individuals aged 18–90 with no clear diagnosis of diabetes or no serious 
disease were included in the study. Trained investigators conduct questionnaires using uniformly designed forms 
that record demographic information, lifestyle factors, and medical history. Prior to questioning, participants’ 
blood was drawn to measure measures such as fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), 
C-peptide, cholesterol (TC), and triglyceride (TG) levels. In addition, postprandial blood glucose results were 
obtained after fasting blood was administered and participants were reminded to perform an oral glucose 
tolerance test (OGTT), measuring postprandial blood glucose and C-peptide levels 2 h after glucose loading24,25.

Exposure and outcomes
There are two types of routine medical examinations, an outpatient examination and an inpatient examination, 
which are carried out by trained medical personnel using standardized procedures. Identification with ID card 
to ensure no duplicate data, physical measurement including height, weight, waist circumference (WC), hip 
circumference, machine examination including AGEs test, fundus examination, blood pressure; Blood and 
urine samples were taken. These were recorded in participants’ characteristic information such as sex, age, blood 
pressure, urinary albumin-creatinine ratio (ACR), calculated body mass index (BMI), and waist-to-hip ratio 
(WHtR).

Evaluation of advanced glycation end products
After other examinations, the patient was instructed to rest for a period of time before AGE examination, and 
then autologous fluorescence detection was performed on the skin on the voltaic side of the left forearm of 
the subject with automatic fluorescence analyzer (Hefei Institute of Physics, Chinese Academy of Sciences, 
National Medical Device Registration Certificate: Anhui Institute 20152210045) to assess the expression level 
of AGEs in the skin, detailed methods also measured in previous atudy24. During the measurement, obvious 
blood vessels, scars and malformed skin areas should be avoided, and the selected test location should be wiped 
with alcohol. The device uses approximately ultraviolet light (center wavelength: 370  nm, half-height width: 
15 nm) to irradiate the skin and stimulate the release of AGEs in the skin (wave length range: 420–600 nm). At 
the same time, the device emits a broadband light source in the frequency (wave length) range of 420–600 nm 
to illuminate the skin to measure the light absorption and scattering of the tissue. Skin AGEs are ultimately 
defined as the ratio of fluorescence intensity to diffuse reflected light intensity, and the absorbance range of 
the fully automatic fluorescence analyzer is 0–150 (in any unit AU). The measurement was carried out by well-
trained medical personnel, and the measurement process was carried out in the semi-dark environment at room 
temperature. After the test, the data were checked to prevent the occurrence of outliers. If there were outliers, 
the test was repeated.

Criteria for risk factors
(1) The DN was diagnosed according to the recognized diagnostic criteria26.

(2) Inclusion Criteria: Obtain the informed consent of the participants; Be 18 years of age or older and have 
lived in the survey area for at least 6 months in the 12 months prior to the survey; Complete the investigation 
independently.

(3) Exclusion Criteria: Participants who quit midway or are not fully tested; No history of serious mental 
illness or serious complications; Severe impairment of liver and kidney function, infection or stress; Terminally 
ill people with various diseases; Pregnancy period.

Sample size estimation
Based on previous research indicating a prevalence of DN ranging from 30 to 40%3,27, with a relative precision 
of 15% (ɛ), α = 0.05, and Z1−α/2= 1.96, the minimum sample size was estimated to be 161. Considering a multi-
center design with different ages and communities, a total of 500 people were surveyed to ensure stratified 
analysis across multiple levels24.

	
n =

(1 − p) Z1−a/2

?2p

Statistics analysis
All data were analyzed using SPSS 23.0. Descriptive statistics summarized participant demographics and clinical 
characteristics. Pearson correlations examined relationships between AGEs, thyroid function, and clinical 
outcomes. Multiple regression analyses identified predictors of diabetic nephropathy and metabolic disorders, 

Scientific Reports |         (2025) 15:7202 3| https://doi.org/10.1038/s41598-025-88806-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


examining the moderating role of thyroid function. Moderation analysis was performed using the PROCESS 
macro in SPSS to test the mediating role of thyroid function. Detailed flow chart is showed in Fig. 1.

Statistical analyses were conducted in three steps:
Descriptive Statistics: Summarized health risk factors by urine ACR group, using chi-squared tests for 

categorical variables.
Multilevel Logistic Regression: Tested associations between risk factors and urine ACR groups.
Moderation Analysis: Performed using the PROCESS program to test the moderating effect of AGEs on TSH 

and urine ACR groups. Interaction effects were calculated automatically via SPSS PROCESS, and the proportion 
of variance explained by the moderating effect of age (R² increase due to interaction) was produced. Adjustments 
were made for sociodemographic correlates (gender, DBP, hip circumference) in the mediation model. Gender’s 
moderating effect on the relationship between HRFs (TyG, TC, SBP, HDL) and urine ACR groups was also 
explored. Moderating effects were considered significant if the 95% confidence interval (CI) did not contain 
zero28.

In this study, triglyceride glucose (TyG) index was used to comprehensively evaluate the role of blood glucose 
and lipids, and TyG was calculated using the natural logarithm formula Ln [TG (mg/dL) ×FBG (mg/dL)]/229.

Results
Prevalence characteristics of the urine ACR group
Through initial recruitment, a total of 7000 patients who met the basic requirements were included, and then 
patients with > 5% missing value were excluded. Finally, 6921 samples were included, with an effective rate of 
98.87%.

The prevalence of male was 53.9% (3728/6921). The mean age was (55.46 ± 11.73) years. TSH, UA, TyG was 
correlated with a positive effect of urine ACR. However, there was no correlation between AGEs and urine ACR; 
age, gender also not correlated with urine ACR, other results were shown in Table 1.

Variables Urine ACR

R2 t F P β (95%CI)

Gender 0.002 −0.912 0.832 >0.05 −7.784(−24.516,8.948)

age 0.00 0.101 0.010 >0.05 0.037(−0.675,0.748)

AGEs 0.00 0.352 0.124 >0.05 −0.064(−0.291,0.418)

BMI 0.042 −17.309 299.612 <0.01 −0.587(−0.653,−0.520)

TSH 0.005 6.049 36.59 <0.01 9.686(6.547,12.825)

HOMA-IR 0.047 8.922 79.598 <0.01 3.785(2.953,4.618)

TyG 0.026 13.211 1744.537 <0.01 38.075(32.425,43.725)

TG/HDL 0.00 0.924 0.854 >0.05 0.460(−0.515,1.435)

HDL 0.00 0.322 0.104 >0.05 0.092(−0.467,0.651)

SBP 0.024 −13.128 172.356 <0.01 −1.405(−1.615,−1.196)

DBP 0.048 18.760 351.928 <0.01 3.895(3.488,4.302)

HbA1c 0.017 −10.778 116.158 <0.01 −16.039(−18.956,−13.122)

FBG 0.038 16.611 275.914 <0.01 3.054(2.693,3.414)

UA 0.191 38.269 1464.485 <0.01 0.063(0.059,0.066)

LDL 0.007 7.075 50.055 <0.01 2.366(1.710,3.021)

TG 0.011 8.895 79.127 <0.01 10.102(7.876,12.329)

TC 0.021 −12.119 146.872 <0.01 −29.978(−34.827,−25.129)

Table 1.  The multilevel linear regression between independent health risk factors and urine ACR.

 

Fig. 1.  The flow chart in our study.
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The correlation between AGEs, TSH, BMI and urine ACR
The study found a significant correlation between HRFs and the urine ACR group, suggesting that HRFs play a 
crucial role in the development of urine ACR. In Table 2, there was an BMI trend observed in the relationship 
between HRFs and urine ACR, implying that obesity individuals may be more susceptible to urine ACR due to 
accumulated HRFs. Furthermore, an interactive correlation was found between AGEs, metabolic metrics, TSH 
levels, and urine ACR, supported by previous studies demonstrating methods to prevent DN risk by modeling 
risk factors.

The correlation between AGEs, TSH, age (gender) and urine ACR
Moderation analyses were performed with several variables, the results are presented in Tables 3 and 4. First, 
AGEs was significantly possible associated with the level of urine ACR, TSH was associated with urine ACR, age 
also significantly possible associates of the level of urine ACR. Secondly, there were also have significant effect 
between TSH and AGEs on urine ACR, TSH × age was significant urine ACR, age × AGEs on urine ACR; there 
are three-way interaction effect between AGEs, TSH and age on urine ACR. similar results was shown in AGEs, 
TSH and gender on urine ACR.

The correlation between AGEs, TSH, HRFs and urine ACR
Moderation analyses were performed with several variables, the results are presented in Tables 5, 6, 7 and 8. 
In Table 5, AGEs was significantly possible associated with the level of urine ACR, TSH was associated with 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGE 0.9925 0.5400 1.8381 <0.01 −0.0660 2.0511

TSH 39.5132 6.8778 5.7450 >0.05 26.0306 52.9958

Gender 37.3530 25.0870 1.4474 <0.01 −13.2367 87.7048

Int_1 −0.4840 0.0375 −12.9128 <0.01 −0.5575 −0.4105

Int_2 −0.6107 0.3619 −1.6874 >0.05 −1.3202 0.0988

Int_3 −30.3625 4.4165 −6.8748 <0.01 −39.0202 −21.7048

Int_4 0.4312 0.0261 16.4913 <0.01 0.3800 0.4825

Table 4.  The moderation analysis between AGE, TSH, gender and urine ACR. Int 1: AGE × TSH; Int 2: AGE × 
gender; Int 3: TSH × gender; Int 4: AGE × TSH × gender

 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGEs −3.7641 0.8686 −4.3333 <0.01 −5.4669 −2.0613

TSH −39.5929 11.9477 −3.3138 <0.01 −63.0141 −16.1717

Age −3.7046 1.0967 −3.3781 <0.01 −5.8544 −1.5549

Int_1 0.8448 0.0765 11.0488 <0.01 0.6949 0.9946

Int_2 0.0753 0.0150 5.0039 <0.01 0.0458 0.1048

Int_3 0.7781 0.2093 3.7167 <0.01 0.3677 1.1884

Int_4 −0.0149 0.0014 −10.3294 <0.01 −0.0177 −0.0121

Table 3.  The moderation analysis between AGE, TSH, age and urine ACR. Int 1: AGEs × TSH; Int 2: AGE × 
age; Int 3: TSH × age; Int 4: AGEs × TSH × age

 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGEs 0.4956 0.3130 1.5837 <0.01 −0.1179 1.1091

TSH 42.7612 3.6296 11.7811 <0.01 35.6460 49.8764

BMI 2.9565 0.7072 4.1809 <0.01 1.5703 4.3428

Int_1 −0.5847 0.0397 −14.7253 <0.01 −0.6625 −0.5068

Int_2 −0.0313 0.0088 −3.5534 <0.01 −0.0486 −0.0140

Int_3 −1.8995 0.1195 −15.8923 <0.01 −2.1338 −1.6652

Int_4 0.0288 0.0016 17.4603 <0.01 0.0256 0.0320

Table 2.  The moderation analysis between AGEs, TSH, BMI and urine ACR. Int 1: AGEs × TSH; Int 2: AGEs 
× BMI; Int 3: TSH × BMI; Int 4: AGEs × TSH × BMI
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Variables

Urine ACR

coeff se t P LLCI ULCI

AGE 0.8176 0.9731 0.8402 >0.05 −1.0899 2.7251

TSH −1.2193 14.5188 −0.0840 >0.05 −29.6808 27.2422

TyG 21.4454 9.3309 2.2983 <0.05 3.1538 39.7370

Int_1 −0.9691 0.0938 −10.3346 <0.01 −1.1529 −0.7852

Int_2 −0.1175 0.1178 −0.9977 >0.05 −0.3485 0.1134

Int_3 −0.3252 1.7798 −0.1827 >0.05 −3.8141 3.1637

Int_4 0.1366 0.0119 11.4734 <0.01 0.1133 0.1599

Table 8.  The moderation analysis between AGE, TSH, TyG and urine ACR. Int 1: AGE × TSH; Int 2: AGE × 
TyG; Int 3: TSH × TyG; Int 4: AGE × TSH × TyG

 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGE 0.3191 0.1229 2.5975 <0.01 0.0783 0.5600

TSH 0.4693 1.5508 0.3026 >0.05 −2.5707 3.5094

UA 0.0578 0.0235 2.4592 <0.01 0.0117 0.1039

Int_1 −0.0480 0.0084 −5.7237 <0.01 −0.0644 −0.0315

Int_2 −0.0003 0.0002 −1.5463 >0.05 −0.0007 0.0001

Int_3 0.0078 0.0027 2.8569 <0.01 0.0025 0.0132

Int_4 0.000 0.000 −7.8971 <0.01 0.000 0.000

Table 7.  The moderation analysis between AGE, TSH, UA and urine ACR. Int 1: AGE × ZTSH; Int 2: AGE × 
UA; Int 3: ZTSH × UA; Int 4: AGE × ZTSH × UA

 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGE 0.2441 0.2315 1.0542 <0.01 −0.2098 0.6979

TSH 6.2746 2.9356 2.1374 <0.01 0.5198 12.0293

TG 5.3680 3.8248 1.4035 <0.01 −2.1298 12.8657

Int_1 −0.1461 0.0195 −7.4912 <0.01 −0.1843 −0.1079

Int_2 −0.0423 0.0505 −0.8375 <0.01 −0.1412 0.0567

Int_3 −2.5504 0.7022 −3.6319 <0.01 −3.9269 −1.1738

Int_4 0.0800 0.0053 15.1253 <0.01 0.0696 0.0904

Table 6.  The moderation analysis between AGE, TSH, TG and urine ACR. Int 1: AGE × TSH; Int 2: AGE × 
TG; Int 3: TSH × TG; Int 4: AGE × TSH × TG

 

Variables

Urine ACR

coeff se t P LLCI ULCI

AGE 5.2880 0.6595 8.0180 <0.01 3.9951 6.5809

TSH 154.4643 11.2450 13.7362 <0.01 132.4205 176.5080

SBP 2.2552 0.3963 5.6914 <0.01 1.4785 3.0320

Int_1 −1.6429 0.1204 −13.6714 <0.01 −1.8819 −1.4099

Int_2 −0.0428 0.0051 −8.3206 <0.01 −0.0529 −0.0327

Int_3 −1.2118 0.0860 −14.0973 <0.01 −1.3803 −1.0433

Int_4 0.0138 0.0010 14.3733 <0.01 0.0119 0.0156

Table 5.  The moderation analysis between AGE, TSH, SBP and urine ACR. Int 1: AGE × TSH; Int 2: AGE × 
SBP; Int 3: TSH × SBP; Int 4: AGE × TSH × SBP
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urine ACR, SBP also significantly possible associates of the level of urine ACR. Secondly, there were also have 
significant effect between TSH and AGEs on urine ACR, TSH × SBP was significant urine ACR, SBP × AGEs on 
urine ACR; there are three-way interaction effect between AGEs, TSH and SBP on urine ACR. Similar results 
was shown in AGEs, TSH and TG (Table 6), UA (Table 7), TyG (Table 8) on urine ACR.

Discussion
Research significance
This study examined the relationship between HRFs, TSH and DN in a large sample of patients, as well as the 
relationship between their respective interactions with AGE and DN. This study also provided evidence on 
the relationship between TSH and AGEs and impaired renal function in T2DM patients, as well as the role of 
variables related to metabolic disorders. More importantly, in this study, we measured the role of AGEs in the 
occurrence and development of DN through non-invasive skin detection, thus minimizing the adverse effects 
caused by invasive lesions.

Previous studies have found that thyroid dysfunction characterized by elevated TSH is associated with a 
certain degree of AGEs30,31and a higher incidence of DN32. In our study, AGEs were also found to regulate 
the relationship between TSH and kidney function, with high levels of AGEs exacerbating the positive effects 
of thyroid underfunction on kidney health. In addition, we found that metabolic metrics based HRFs were 
correlated with urine ACR, and that there was an AGEs-changing trend between HRFs and urine ACR. That 
is, there is an interactive relationship between HRFs, AGEs, TSH levels and urinary ACR groups, which is 
supported by previous studies that demonstrate ways to prevent DN risk by modeling risk factors.

In our study, we concerned age and gender differences may play an important role; Therefore, it is necessary to 
provide preventive measures for elderly patients with more diabetic complications33. Women are also associated 
with high urinary ACR levels34; Although in our study, we have not found significant effect among linear 
regression analysis, while in the moderate analysis, there was a correlation between AGEs, metabolic matrics, 
and HRFs, with AGEs moderate this correlation between HRFs and urine ACR levels, and AGEs also moderate 
age (gender) and urine ACR. These results suggest that prevention interventions for diabetes need to focus on 
gender and age as constant factors, prompting recent assessments of risk scores (including those studied here) 
to predict DN. In addition, we found correlations between HRFs, AGEs, TSH levels, and urine ACR, suggesting 
that TSH combined with AGEs may be a comprehensive assessment method to assess the progression of all 
DN. In our study, we concerned TyG, which can be used as an alternative marker for insulin resistance (IR) and 
metabolic syndrome, an also correlated with DN9.

Correlations between the TSH, AGEs, HRFs and DN group
AGEs are a class of small molecular compounds formed in the body that bind to proteins, lipids, or nucleic acids 
through non-enzymatic glycation reactions. AGEs play an important role in the development of a variety of 
diseases35, especially in diabetes and its complications36, and thyroid related diseases37. In DN, the accumulation 
of AGEs is considered to be one of the key factors leading to renal function impairment22. It is important to pay 
close attention to metabolic metrics in managing DN, because they can predict the therapeutic effect of DN, 
such as obesity38, TyG10, urid acid (UA)39, systolic blood pressure (SBP) [Patel et al., 2020]. Moreover, these risk 
factors collectively lead to metabolic disorders41, which these could casuse DN.

We have discussed the adverse consequences of individual risk factors before, so the correlation of outcomes 
caused by the interaction of individual risk factors is also worth exploring. We also explored thyroid-related 
DN and whether TSH is involved in changes affecting diabetic kidney problems. A hospital-based comparative 
cross-sectional study have found there were correlation between glucolipid metabolism (such as HbA1c, 
plasma Cr, albumin-creatinine ratio, HDL-C) as well as objective indicators (such as age, gender) and DN42, a 
Mendelian randomization study showed there is a causal relationship between HDL-C and TG and DN43. These 
studies verify abnormal lipid metabolism can lead to progression of kidney disease. Moreover, a prospective 
observational study verified that although there was a negative correlation between TSH levels and eGFR at 
baseline, TSH levels did not appear to predict future eGFR declines44; in addition, serum levels of potassium, 
creatinine and TSH were increased in diabetic nephropathy patients45. There was also study found the correlation 
between UA and TSH among DN patients46, this study also provide relative basis to verify our hypothesis, the 
reason why we pay attention to the relationship between UA and TSH is that the two can synergistically enhance 
the occurrence and development of DN, thyroid hormones, especially TSH, may be involved in regulating uric 
acid metabolism47, also among patients with early DKD.

Moreover, mouse model also verified the correlation between TSH and DN, in this study, authors concerned 
that T3 could attenuate albuminuria and improve the renal structural damage in db/db diabetic mice by 
increasing the activity of phosphatidylinositol 3 kinase and decreasing the expression of transforming growth 
factor-β148. In addtion, 3,5-diiodothyronine could protect the cells from renal damage in DKD by inhibiting the 
activation of NF-κβ and JNK; These enzymes and pathways, mentioned above, were involved in the development 
of DKD49. In vivo and in vitro experiments have shown that exogenous T3 can reverse glucose-induced 
growth of human podocytes and cardiomyocytes, restore the cellular structure of cardiomyocytes, and reverse 
pathological changes in kidneys and cardiac organoids. It is through TH receptor α1 activation that glucose-
induced transdifferentiation, cell growth and loss of islet beta cells are counterbalanced50; Thyroid stimulating 
hormone and free triiodothyronine are important indicators for predicting type 2 diabetic nephropathy16. 
Finally, from genetic content, there was an association between TSH and estimated glomerular filtration rate 
from creatinine51.

The development mechanism of DN is a complex and multi-factor pathway and mediators involved52, 
among which the processes AGEs playing an important role include oxidative stress, inflammatory response 
and extracellular matrix accumulation leading to renal dysfunction. Therefore, controlling blood glucose levels, 
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reducing the formation and accumulation of AGEs, and adopting antioxidant and anti-inflammatory therapeutic 
strategies are essential for the prevention and treatment of diabetic nephropathy. In addition, regular monitoring 
of kidney function and urinary protein levels, and adjustment of treatment according to the specific situation is 
also very necessary.

Implications
These findings highlight the importance of optimizing thyroid function in patients with diabetes to reduce the 
risk of AGE-related complications, including DN. Regular monitoring of thyroid function and appropriate 
treatment of thyroid disorders may help improve metabolic control and renal health in this population. If 
combined with lifestyle interventions, such as a healthy diet, regular exercise to control blood glucose, blood 
pressure, and lipid management, thyroid function can be more or less improved and AGEs formation reduced.

Strengths and limitations
The obvious advantage of our study is that the sample size is large, and the levels of AGEs are detected by skin 
fluorescence, which reduces the disadvantages of invasive screening to some extent. Another point is to explore 
the complex role of AGEs, TSH and metabolic metrics from the perspective of thyroid.

However, there are still some limitations in this study. First, this is only a cross-sectional study without long-
term follow-up, so causality cannot be assessed, and the current results are only intended as a reference for 
future follow-up of these participants. Secondly, the extraction index and physical examination are measured 
only once, which may lead to classification errors, and should be tested at least 3 times to ensure the deviation 
of data. Third, due to the limitation of experimental equipment, we did not evaluate the triiodothyronine (T3) 
of the population. Diabetes may have low triiodothyronine (T3) syndrome, which is prone to hypothyroidism. 
Therefore, this study may underestimate the relationship between hypothyroidism and some factors, and the level 
of T3 should be controlled before subsequent analysis. Finally, this study only focused on diabetes patients, and 
its extensibility is limited. In the future, we should pay attention to the survey results of the general population.

Conclusions
Glucolipid and thyroid function represent modifiable risk factors for prevention and treatment of diabesity 
and metabolic disease and for promotion of healthy metabolism. In this study, urine ACR used as outcome 
variables to observe the influencing factors that may lead to DN. In conclusion, this study demonstrates that 
AGEs plays a significant role in the relationship between TSH and diabetic nephropathy. This study aims to fill 
a critical gap in the understanding of how HRFs contribute to DN, especially in primary community healthcare 
settings where resources may be limited. By establishing a comprehensive yet practical evaluation framework, we 
hope to facilitate better identification and management of DN, ultimately improving patient outcomes in these 
communities. Optimizing thyroid function may help reduce the risk of AGE-related complications in patients 
with diabetes. These findings have important implications for the management and prevention of diabetic 
nephropathy and other metabolic disorders. Early detection of the effects of DN through the hypothalamic-
pituitary-thyroid system and urine ACR methods would enable the optimal implementation of effective therapies 
to prevent diabetes complications.

Data availability
The datasets generated for this study are available on request to the corresponding author.
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