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Abstract: Objective To analyze the dose-response relationship between the glycated albumin (GA)/glycated hemoglobin
(HbA1c) ratio and renal lesion progression in patients with type 2 diabetes mellitus (T2DM) using a restricted cubic spline (RCS)
model, and to provide a reference for predicting renal lesion progression Methods A total of 90 T2DM patients admitted to
Anging First People’s Hospital Affiliated to Anhui Medical lesion University from August 2021 to May 2024 were enrolled, and
followed up until May 2025 (the endpoint event was renal lesion progression). The patients were divided into the progression
group (n=19) and non-progression group (n=71) according to whether renal lesion progression occurred. The GA/HbAlc ratio
and other clinical data were compared between the two groups. Multivariate logistic regression analysis was used to identify
the risk factors for renal lesion progression in T2DM patients. The RCS model was applied to analyze the dose-response
relationship between the GA/HbAlc ratio and renal lesion progression in T2DM patients, and a receiver operating characteristic
(ROC) curve was plotted to evaluate the predictive value of the GA/HbAlc ratio for renal lesion progression in T2DM patients.
Results The proportion of hypertension, as well as the levels of serum creatinine, blood urea nitrogen, serum uric acid,
cystatin C, and GA/ HbAlc ratio in the progression group were higher than those in the non-progression group (P<0.05).
Logistic regression analysis showed that hypertension, elevated blood urea nitrogen, cystatin C, and GA/HbA1c ratio were risk
factors for renal lesion progression in T2DM patients (P<0.05). The RCS model revealed a non-linear dose-response
relationship between the GA/HbAlc ratio and renal lesion progression in T2DM patients (P=0.034, P for nonlinear=0.040), and
the risk of renal lesion progression events in T2DM patients gradually increased with the increase of the GA/HbAlc ratio. The
ROC curve showed that the area under the curve of the GA/HbAlc ratio for predicting renal lesion progression in T2DM
patients was 0.869 (95%C/ 0.820-0.912), with an optimal cut-off value of 2.025, a sensitivity of 85.00%, and a specificity of
75.00%. Conclusion  There is a nonlinear dose-response relationship between the GA/HbAlc ratio and renal lesion
progression in T2DM patients. An elevated GA/HbAlc ratio is associated with an increased risk of renal progression events in
T2DM patients, and has good predictive value for the occurrence of renal lesion progression events in T2DM patients.
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Type 2 diabetes mellitus (T2DM), a common chronic
disease, has been increasing in incidence globally year by year
[1]. Diabetic kidney disease (DKD) is one of the most
important microvascular complications of T2DM. It not only
seriously affects the quality of life of patients but also is an
important cause of end-stage renal disease, imposing a heavy
economic burden on society and families [2]. As the disease
progresses, once obvious renal lesions occur in T2DM
patients, treatment is often challenging. Therefore, early
identification and intervention of risk factors for renal
progression are crucial. Poor glycemic control is one of the
key factors for the development of renal lesions in T2DM
patients [3]. Currently, glycated hemoglobin (HbAlc) is
commonly used in clinical practice to evaluate long-term
glycemic control in patients, reflecting the average blood
glucose level over the past 2-3 months. However, HbA1lc has
certain limitations in reflecting short-term blood glucose

1 Materials and Methods

fluctuations [4]. Glycated albumin (GA) mainly reflects
glycemic control over the past 2-4 weeks. Compared with
HbAlc, GA can reflect recent blood glucose changes more
timely [5]. In recent years, the GA/HbA ¢ ratio has gradually
attracted attention. Studies have shown that an increase in this
ratio may be closely associated with an increased risk of
diabetic chronic complications [6], but its relationship with the
progression of renal lesions in T2DM patients remains unclear.
The restricted cubic spline (RCS) model is a flexible
nonparametric regression method that can effectively explore
complex nonlinear relationships between continuous variables,
avoiding the limitation of preassuming variable relationships
[7]. This study aims to analyze the dose-response relationship
between the GA/HbAlc ratio and the progression of renal
lesions in T2DM patients based on the RCS model, providing
new ideas and theoretical basis for clinical early intervention
and prevention of DKD.

1.1 General Information
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A total of 90 patients with T2DM who received
treatment at the Anqing First People’s Hospital Affiliated to
Anhui Medical University from August 2021 to May 2024
were retrospectively enrolled, including 54 males and 36
females, aged 45 to 75 (60 £ 15) years.

Inclusion criteria:

(1) Definite diagnosis of T2DM,;

(2) Aged > 18 years;

(3) Complete clinical data available;

(4) Voluntarily signed informed consent form.
Exclusion criteria:

(1) Type 1 diabetes mellitus or other special types of
diabetes mellitus;

(2) Complicated with severe diseases of liver, heart, brain or
other vital organs;

(3) Pregnant or lactating women;

(4) History of severe infection, trauma or major surgery
within the recent 3 months;

(5) Currently taking special medications that may affect
blood glucose levels or renal function.

This study was approved by the Medical Ethics
Committee of the Anqing First People’s Hospital (Ethics
Approval No. AQYY-YXLL-LWLL-69).

1.2 Methods

1.2.1 Calculation of GA/HbA1c Ratio

On the morning after admission, 3 mL of fasting venous
blood was collected from each patient. GA levels were
measured using an enzymatic method, and HbA1c levels were
detected by high-performance liquid chromatography. The
GA/HbAlc ratio was then calculated. The detection system
and matching reagents were all products from Roche, and all
experimental operations strictly followed the standard
operating procedures provided by the manufacturer.

1.2.2 Data Collection

Clinical data of patients within 24 hours after admission
were collected, including gender, age, body mass index (BMI),
smoking history, drinking history, family history of diabetes,
duration of diabetes, comorbidities (hypertension, coronary
heart disease), white blood cell count, platelet count,
cholesterol, triglycerides, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), serum
creatinine, blood urea nitrogen, serum uric acid, cystatin C,
fasting blood glucose, and GA/HbA I¢ ratio.

1.2.3 Follow-up and Grouping

Regular outpatient follow-up combined with telephone
follow-up was adopted, with the follow-up deadline set as
May 31, 2025. The primary endpoint was the progression of
kidney disease, which was defined as meeting any of the
following criteria: doubling of serum creatinine level, a
decrease in estimated glomerular filtration rate (eGFR) by
more than 25%, urinary albumin-to-creatinine ratio (UACR) >
300 mg/g, requirement for renal replacement therapy, or
occurrence of all-cause death [8]. According to the follow-up
results, patients were divided into the progression group (19
cases) and the non-progression group (71 cases).

1.3 Statistical Methods

Data analysis was performed using SPSS 28.0 software.
Count data were expressed as n (%), and analyzed using the y?
test or corrected y? test. Measurement data conforming to a
normal distribution were expressed a X =s, and analyzed
using the ¢ test. A logistic regression model was used to
analyze the influencing factors of renal lesion progression in
T2DM patients. A RCS model was applied to analyze the
dose-response relationship between the GA/HbA 1¢ ratio and
renal lesion progression in T2DM patients. A receiver
operating characteristic (ROC) curve was used to evaluate the
predictive value of the GA/HbAlc ratio for renal lesion
progression in T2DM patients. A P value < 0.05 was
considered statistically significant.

2 Results

2.1 Comparison of Clinical Data between Progression
Group and Non-progression Group

The proportion of hypertension, levels of serum
creatinine, blood urea nitrogen, serum uric acid, cystatin C,
and GA/HbAlc ratio in the progression group were
significantly higher than those in the non-progression group
(P<0.05). No statistically significant differences were
observed between the two groups in terms of gender, age,
BMI, smoking history, drinking history, family history of
diabetes, duration of diabetes, proportion of coronary heart
disease, as well as levels of white blood cell count, platelet
count, cholesterol, triglycerides, HDL-C, LDL-C, and fasting
blood glucose (P>0.05). See Table 1.

2.2 Analysis of Risk Factors for Renal Progression in
T2DM Patients

Taking the occurrence of renal lesion progression in
T2DM patients as the dependent variable (yes=1, no=0), and
the clinical parameters with P<0.05 in Table 1 [hypertension
(yes=1, no=0); serum creatinine, blood urea nitrogen, serum
uric acid, cystatin C, and GA/HbAlc ratio as continuous
variables with original values] as independent variables,
logistic regression analysis was performed. The results
showed that complicated hypertension, as well as high levels
of blood urea nitrogen, cystatin C, and GA/HbA 1¢ ratio were
independent risk factors for renal lesion progression in T2DM
patients (P<0.05). See Table 2.

2.3 Dose-response Relationship between GA/HbAlc
Ratio and Renal Lesion Progression in T2DM Patients

In the RCS model, the GA/HbA ¢ ratio was set as the
abscissa, and the predicted OR as the ordinate, with the shaded
area representing the 95% CI. A nonlinear dose-response
relationship was found between the GA/HbA 1¢ ratio and renal
lesion progression in T2DM patients (P=0.034, P for
nonlinearity=0.040). When the GA/HbA Ic ratio was <2.025
(corresponding to the inflection point of the curve), the risk of
renal lesion progression in T2DM patients increased relatively
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slowly; when the GA/HbA 1¢ ratio exceeded 2.025, the risk of
renal lesion progression rose rapidly with the increase of the
ratio. See Figure 1.

2.4 Predictive Value of GA/HbAIc Ratio for Renal
Lesion Progression in T2DM Patients

The ROC curve results showed that the area under the
curve (AUC) of the GA/HbAlc ratio for predicting renal
lesion progression in T2DM patients was 0.869 (95%CI:
0.820-0.912), with an optimal cut-off value of 2.025,
corresponding to a sensitivity of 85.00% and a specificity of
75.00%. See Figure 2.

Tab.1 Comparison of clinical data between the progression group and the non-progression group

Progression group

Non-progression group

Item (#=19) (=11 X/t value P value

Gender [n (%)] 0.100 0.752

Male 12 (63.16) 42 (59.15)

Female 7 (36.84) 29 (40.85)
Age [n (%)] 2.802 0.094

<60 years 8 (42.11) 45 (63.38)

> 60 years 11(57.89) 26 (36.62)
BMI (kg/m?, xs) 25.77 £4.96 25.02 +5.26 0.558 0.578
Smoking history [n (%)] 12 (63.16) 32 (45.07) 1.962 0.161
Alcohol consumption history [n (%)] 8 (42.11) 26 (36.62) 0.192 0.661
Family history of diabetes [n (%)] 5(26.32) 10 (14.08) 0.854 0.355
Duration of diabetes (years, xts) 11.94 +3.26 11.52 +4.47 0.383 0.703
Comorbidities [n (%)]

Hypertension 12 (63.16) 12 (16.90) 16.400 <0.001

Coronary heart disease 8 (42.11) 25(35.21) 0.307 0.580
White blood cell count (x10°/L, x+s) 6.88 +2.12 7.84+2.71 1.429 0.156
Platelet count (x10°/L, xs) 198.49 + 48.64 207.61 +44.56 0.780 0.438
Cholesterol (mmol/L, xts) 375+ 1.41 3.94+1.25 0.599 0.551
Triglycerides (mmol/L, x+s) 1.73 £ 0.55 1.74 £ 0.63 0.063 0.950
HDL-C (mmol/L, x=s) 1.21 £0.30 1.27+0.43 0.571 0.569
LDL-C (mmol/L, x+s) 2.30+0.72 2.13+0.53 1.147 0.255
Serum creatinine (umol/L, x+s) 62.35 +8.07 55.12 +8.47 3.336 0.001
Blood urea nitrogen (mmol/L, xzs) 8.56 +2.96 5.89 +1.52 5.426 <0.001
Serum uric acid (pmol/L, x=s) 365.21 +47.06 331.92 +32.66 3.573 0.001
Cystatin C (mmol/L, x+s) 1.51+0.45 0.98 +0.52 4.378 <0.001
Fasting blood glucose (mmol/L,x+s) 12.99 +2.75 11.87+2.44 1.730 0.087
GA/HbAlc ratio (x+£s) 1.97 £ 0.36 1.74 +£ 0.22 3.492 <0.001

Tab.2 Multivariate logistic regression analysis of factors influencing renal lesion progression in patients with T2DM

Items B SE Wald z° P value OR value 95%CI
Hypertension 2.078 0.917 5.132 0.023 7.987 1.324~48.189
Serum creatinine 0.098 0.054 3.295 0.069 1.103 0.992~1.226
Blood urea nitrogen 0.871 0.321 7.350 0.007 2.389 1.273~4.482
Serum uric acid 0.015 0.012 1.462 0.227 1.015 0.991~1.039
Cystatin C 2.176 0.925 5.534 0.019 8.807 1.437~53.976
GA/HbAlc ratio 3.831 1.582 5.864 0.015 46.103 2.075~1 024.129

25 100

P for overall=0.034
P for nonlinear=0.040

OR(95%CI)
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Fig.1 Dose-response relationship between the GA/HbAlc
ratio and renal lesion progression in patients with T2DM
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Fig.2 The ROC curve of the GA/HbA ¢ ratio in predicting
renal progression in patients with T2DM
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3 Discussion

This study investigated the dose-response
relationship between the GA/HbAlc ratio and renal
progression in patients with T2DM using a RCS model.
The results showed a significant nonlinear positive
correlation between the GA/HbAlc ratio and the risk of
renal lesion progression, with a clear dose-dependent
pattern. This finding differs from previous studies that
reported associations of GA or HbAlc alone with DKD
[9-10]. The underlying mechanism may be that an
elevated GA/HbA1c ratio reflects an imbalance between
short-term glycemic fluctuations and long-term glycemic
control. This metabolic disorder may accelerate renal
injury through multiple pathways: on one hand, glycemic
fluctuations exacerbate oxidative stress and inflammatory
responses, promoting glomerular basement membrane
thickening and mesangial matrix expansion [11-12]. On
the other hand, persistent hyperglycemia leads to the
accumulation of advanced glycation end products, which
aggravate renal fibrosis by activating the receptor for
advanced glycation end products [13-14]. Notably, this
dose-response relationship exhibits nonlinear
characteristics, suggesting a potential threshold effect,
which has important guiding value for clinical risk
stratification.

In terms of predictive efficacy, the GA/HbAlc ratio
demonstrated  excellent  diagnostic ~ performance
(AUC=0.869), with superior predictive value compared to
single detection of traditional indicators such as HbAlc
[15]. This result is consistent with the findings of Wang
et al. [16], who reported a stronger correlation between
the GA/HbAlc ratio and diabetic microvascular
complications. Furthermore, this study found that when
the optimal cut-off value of the GA/HbAlc ratio was set
at 2.025, the sensitivity and specificity for predicting
renal progression in T2DM patients were 85.00% and
75.00%, respectively. This critical value can serve as an
important reference for clinical early warning. Unlike
previous studies, this study used the RCS model
innovatively to reveal the non-linear association between
the GA/HbAlc ratio and renal lesion progression. This
addressed the limitations of traditional linear analysis
methods. This nonlinear relationship suggests that when
the GA/HbA 1c ratio exceeds a specific threshold, the risk
of renal injury increases rapidly, which may be related to
the "metabolic memory" effect induced by glycemic
fluctuations [17].

In addition to the GA/HbAlc ratio, this study
confirmed the roles of traditional risk factors such as
hypertension, blood urea nitrogen, and cystatin C, which
is consistent with existing literature reports [18-21].
However, these indicators mostly reflect the
consequences rather than the causes of renal injury. In
contrast, the GA/HbAlc ratio, as a dynamic indicator of
glycemic control quality, has earlier warning value. It is
worth mentioning that patients with an elevated
GA/HbA Ic ratio often exhibit more significant metabolic
disorder characteristics [22], suggesting that this indicator
may integrate information on multiple metabolic

abnormalities. From a clinical application perspective, the
measurement of the GA/HbAlc ratio has the advantages
of simple operation and low cost, and it is not affected by
factors such as hemoglobin variants, making it suitable as
a routine monitoring indicator. Combined with the results
of ROC curve analysis, it is recommended to strengthen
renal protection interventions for T2DM patients with a
GA/HbAlc ratio >2.025, including optimizing glycemic
control strategies and enhancing blood pressure
management.

In conclusion, this study revealed a nonlinear
dose-response relationship between the GA/HbAlc ratio
and renal lesion progression in T2DM patients using the
RCS model, confirming that this ratio is an independent
risk factor and effective predictor of renal lesion
progression. The innovative values of this study are as
follows: first, it used an advanced statistical model to
characterize the nonlinear association features; second, it
determined a clinically applicable early warning threshold;
third, it provided a new perspective for mechanistic
research on glycemic fluctuations and renal injury.
However, as a single-center observational study, this
study has limitations such as a limited sample size and
relatively short follow-up time. Future studies are needed
to validate these findings in larger prospective cohorts
and further explore the specific molecular mechanisms by
which the GA/HbAlc ratio affects renal function. From
the perspective of clinical translation, it is recommended
to include the GA/HbA1c ratio in the routine monitoring
system for T2DM patients and implement -early
interventions for high-risk individuals, which may
provide new ideas for the prevention and treatment of
DKD.
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the GA/HbA 1c ratio for renal lesion progression in T2DM patients. Results The proportion of hypertension, as well as the
levels of serum creatinine, blood urea nitrogen, serum uric acid, cystatin C, and GA/HbAlc ratio in the progression
group were higher than those in the non - progression group (P<0.05). Logistic regression analysis showed that
hypertension, elevated blood urea nitrogen, cystatin C, and GA/HbA ¢ ratio were risk factors for renal lesion progression
in T2DM patients (P<0.05). The RCS model revealed a non-linear dose-response relationship between the GA/HbA 1¢ ratio
and renal lesion progression in T2DM patients (P=0.034, P for nonlinear=0.040), and the risk of renal lesion progression
events in T2DM patients gradually increased with the increase of the GA/HbA 1¢ ratio. The ROC curve showed that the area
under the curve of the GA/HbA 1¢ ratio for predicting renal lesion progression in T2DM patients was 0.869 (95%CI:0.820—
0.912), with an optimal cut-off value of 2.025, a sensitivity of 85.00%), and a specificity of 75.00%. Conclusion There is a
nonlinear dose - response relationship between the GA/HbA 1¢ ratio and renal lesion progression in T2DM patients. An
elevated GA/HbA Ic ratio is associated with an increased risk of renal lesion progression events in T2DM patients, and has
good predictive value for the occurrence of renal lesion progression events in T2DM patients.
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Fig.1 Dose-response relationship between the GA/HbA lc ratio

and renal lesion progression in patients with T2DM
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