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Background: This study assessed the effectiveness of standardized management implemented by the National Metabolic Management 
Center (MMC) for patients with type 2 diabetes. The goal was to develop a nomogram for predicting HbA1c target achievement.
Methods: A retrospective single-centre study was conducted, including 853 type 2 diabetes patients enrolled in the National 
Standardized Metabolic Disease Management Center at the Third People’s Hospital of Datong City from June 2019 to June 2020. 
After one year of MMC’s standardized management, factors influencing HbA1c achievement were identified through univariate and 
multivariate analyses to establish a predictive model. Missing data were handled using appropriate imputation methods. Model 
accuracy and performance were assessed using internal validation and ROC curve analysis.
Results: Significant improvements were observed following MMC’s standardized management, including reductions in SBP, FBG, 
Hb, HCT, MPV, γ-GT, ALB, TG, TC, HbA1c, and LDL-c levels (P<0.05), and increases in AST, BUN, Cr, UA, and HDL-c levels 
(P<0.05). The absolute HbA1c level decreased, and the rate of achieving the HbA1c target (<7%) was significantly enhanced (P<0.05). 
Multivariate analysis identified FBG and HCT as independent protective factors for HbA1c achievement, while ALB was a risk factor. 
The developed predictive model exhibited favorable discriminative ability (c-index: 0.747, 95% CI: 0.703–0.790), confirmed by 
decision curve analysis.
Conclusion: Standardized MMC management may guide care for type 2 diabetes patients. The predictive model established in this 
study may assist in improving HbA1c achievement rates, although external validation is needed.
Keywords: type 2 diabetes, HbA1c, national metabolic management center, personalized predictive model, internal validation

Introduction
The global prevalence of diabetes is on the rise, driven by factors such as population aging, sedentary lifestyles, and 
high-calorie diets.1,2 According to the International Diabetes Federation (IDF), the number of adults living with diabetes 
worldwide is projected to surpass 642 million by 2040.3 Research indicates that the prevalence of diabetes among 
Chinese adults stands at a staggering 10.9%, yet less than one-third of individuals are aware of their condition and 
receive appropriate glucose-lowering therapy. Furthermore, among those undergoing treatment, fewer than 50% achieve 
the target glycated hemoglobin level of ≤7%.4 Inadequate blood glucose control in diabetes patients can lead to the 
excessive generation of reactive oxygen species, triggering apoptosis of pancreatic β cells and the onset of complications 
in the cardiovascular, renal, retinal, and nervous systems. These complications significantly impact quality of life and 
reduce life expectancy.5,6 Hence, early detection and standardized management of diabetes and its associated complica
tions are crucial for improving patient outcomes.
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As a pivotal platform driving the management of chronic metabolic diseases, the National Standardized Metabolic 
Disease Management Center (MMC) has pioneered a “one-stop treatment, comprehensive management” approach. 
Established in 2016, MMC centers have revolutionized the management of diabetes, with digital medical information 
systems extending care beyond hospital walls through apps, WeChat, and phone communication. Currently, numerous 
hospitals nationwide have adopted MMC protocols, improving diabetes management and reducing complications.7,8 

Despite these advancements, achieving HbA1c targets in MMC-managed patients remains sub-optimal, with fewer than 
half reaching the target level of ≤7%.9

Several HbA1c-prediction tools, such as the UKPDS risk engine and electronic health-record models, have been 
developed for other populations, but they are not suitable for MMC-managed Chinese cohorts due to differences in 
healthcare delivery models and patient characteristics. The use of fasting glucose (FBG), hematocrit (HCT), and albumin 
(ALB) as potential predictors of HbA1c achievement is warranted based on their strong associations with glucose 
metabolism and vascular health.10,11 These biomarkers have been shown to impact blood glucose control, yet their role in 
predicting HbA1c attainment in the context of MMC management is not well understood.12

The MMC model differs from conventional care through more frequent contacts, digital monitoring, and multi
disciplinary input. This model’s widespread adoption across China has demonstrated national impact, significantly 
improving diabetes management outcomes.13,14 To better understand and predict HbA1c attainment, we aim to develop 
an individualized predictive model that integrates baseline clinical variables.

The primary hypothesis of this study is that a nomogram incorporating baseline clinical variables will accurately 
predict 1-year HbA1c control in MMC-managed adults, providing insights for personalized care and management.

Methods
Patients
From June 2019 to June 2020, a total of 853 patients with type 2 diabetes who received standardized management at 
the Third People’s Hospital of Datong City MMC were included in the study. Inclusion criteria:15 (1) meeting the 1999 
World Health Organization (WHO) diagnostic and classification criteria for type 2 diabetes; (2) aged between 18 and 
75 years, regardless of gender; (3) willing to undergo standardized metabolic disease management, having good 
compliance with follow-up, and able to adhere to regular follow-up for at least 5 years; (4) possessing a certain 
level of learning ability, with patients and their family members able to accept follow-up via phone or WeChat, without 
cognitive or communication impairments, and capable of normal communication; (5) local residents with a residency 
of at least 5 years in the Datong area; (6) patients who are informed and have signed an informed consent form. 
Exclusion criteria:15 (1) expected survival time less than 5 years; (2) history of drug abuse or substance abuse; (3) 
active viral hepatitis, HIV/AIDS, syphilis, and other sexually transmitted diseases, as well as active tuberculosis and 
other infectious diseases; (4) type 1 diabetes; (5) type 2 diabetes with acute complications; (6) other special types of 
diabetes; (7) pregnancy status. The study was approved by The Third People’s Hospital of Datong review board, and 
written informed consent was obtained before participation. This study was conducted in accordance with the 
Declaration of Helsinki.

Management Approach
The MMC management model9 was adopted in this study: patients entering the standardized metabolic disease 
management center were uniformly followed up at the Endocrinology Department’s MMC clinic in our hospital, 
where they underwent diagnosis, treatment, and follow-up according to the MMC standard operating procedures 
(SOP), including screening and treatment of diabetes-related complications. Utilizing the MMC App platform 
facilitated communication and interaction between doctors and patients, as well as seamless information exchange 
between within and outside the hospital, enabling standardized management and intervention through the metabolic 
disease management center platform. All 853 patients in this study received standardized MMC management for 
one year.
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Data Collection
Patient history was collected, and baseline measurements of blood pressure (SBP, DBP), body mass index (BMI) were 
recorded. Visceral fat and subcutaneous fat were measured using a bioelectrical impedance analysis instrument. Fasting 
venous blood samples were collected for the measurement of HbA1c, red blood cell indices (Hb, MCV, MCH, HCT), 
liver function indices (ALT, AST, ALP, γ-GT), renal function indices (BUN, Cr, UA), lipid profile (TG, TC, HDL-c, 
LDL-c), blood glucose level (FBG), albumin (ALB), and mean platelet volume (MPV).

Statistical Analysis
We calculated the median, mean, and interquartile range for all continuous outcomes, and determined the frequency 
count and percentage for categorical outcomes. Continuous outcomes were assessed using the Mann–Whitney U-test, 
while categorical variables were analyzed using χ2 or appropriate Fisher exact tests. The final results of the multivariable 
logistic regression were utilized to develop nomograms with the rms package in R software. The discriminatory 
performance of the nomograms was quantitatively evaluated using the c-index. Calibration plots were generated to 
visually compare predicted and actual risks. Internal validation and calibration validation of the models were conducted 
through 1000 bootstrapped resamples. DCA was performed to assess the clinical utility of the nomograms in predicting 
risks.

Results
Comparison of Treatment Efficacy in Patients Following One Year of Standardized 
Management
A cohort of 853 individuals diagnosed with type 2 diabetes, who were admitted to the National Standardized Metabolic 
Disease Management Center (MMC) at the Third People’s Hospital in Datong City between June 2019 and June 2020, 
were included in this study. The study aimed to evaluate the effectiveness of standardized management provided by 
MMC over a one-year period. No statistically significant differences (P>0.05) were observed in DBP, BMI, visceral fat, 
subcutaneous fat, MCV, MCH, ALT, and ALP levels before and after the treatment period. However, SBP, FBG, Hb, 
HCT, MPV, γ-GT, ALB, TG, TC, HbA1c, and LDL-c exhibited a significant decreasing trend following standardized 
management by MMC (P<0.05). Conversely, AST, BUN, Cr, UA, and HDL-c showed a significant increasing trend post 
standardized management by MMC (P<0.05) (Table 1).

Comparison of HbA1c and Blood Lipid Control Rates in Type 2 Diabetes Patients 
After 1 Year of Standardized Management
Following 1 year of adherence to the guidelines outlined in the Medical Management of Diabetes Care (MMC), a cohort 
of 853 individuals with type 2 diabetes exhibited notable improvements in HbA1c control, with a rate of 30.5%. 
Additionally, the control rates for TG and TC were reported at 56.3% and 59.9%, respectively. These rates demonstrated 
a significant increase compared to the pre-implementation period of MMC standardized management (P<0.05) (Table 2).

Single-Factor Analysis of HbA1c Reaching Standard After One year of Standardized 
Management
A total of 853 patients with type 2 diabetes were categorized into two groups based on their attainment of the HbA1c 
target: compliant group and non-compliant group. The study found no statistically significant differences (P>0.05) in 
DBP, SBP, BMI, visceral fat, subcutaneous fat, Hb, MCV, MPV, ALT, AST, ALP, γ-GT, BUN, TC, HDL-c, and LDL-c 
between the two groups. However, statistically significant differences (P<0.05) were observed in FBG, HCT, MCH, 
ALB, Cr, UA, TG, and region between compliant group and Non-compliant group. The compliant group exhibited 
a significant decrease in FBG, HCT, and TG levels, while showing an increase in MCH, ALB, Cr, and UA levels. 
Additionally, the study revealed that the rate of achieving the target HbA1c level was higher in urban areas compared to 
rural areas (Table 3).
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Development of an Individualized Prediction Model
The achievement of standard HbA1c levels was considered as the dependent variable, while the differential factors (FBG, 
HCT, MCH, ALB, Cr, UA, TG, Region) identified through single-factor analysis were treated as independent variables in 

Table 1 Comparison of Various Indicators in Type 2 Diabetes Patients After One year of 
Standardized Management

Characteristics Pre-Treatment Post-Treatment p value Statistic Method

n 853 853

DBP (mmHg) 76 (68, 83) 75 (69, 82) 0.372 Wilcoxon

SBP (mmHg) 134 (120, 148) 131 (120, 141) 0.001 Wilcoxon
BMI (kg/m²) 26.1 (23.8, 28.3) 26.1 (24.05, 28) 0.965 Wilcoxon

Visceral fat (cm²) 99 (74, 125.7) 100.55 (76.25, 128.5) 0.185 Wilcoxon

Subcutaneous fat (cm²) 195 (153.85, 238.1) 195.7 (158.85, 229.9) 0.800 Wilcoxon
FBG (mmol/L) 9.035 (7.4, 11.7) 7.81 (6.7, 10) 0.000 Wilcoxon

Hb (g/L) 142 (130, 154) 139 (123, 151) 0.000 Wilcoxon
HCT (L/L) 0.427 (0.393, 0.457) 0.419 (0.38, 0.45) 0.000 Wilcoxon

MCV (fL) 90.7 (87.7, 93.5) 90.8 (87.8, 93.9) 0.067 Wilcoxon

MCH (pg) 30.6 (29.6, 31.6) 30.6 (29.4, 31.6) 0.132 Wilcoxon
MPV (fL) 10.8 (10.1, 11.6) 10.5 (9.7, 11.2) 0.000 Wilcoxon

ALT (U/L) 22.9 (16, 35) 23 (16, 33.4) 0.659 Wilcoxon

AST (U/L) 19 (15, 26) 20 (16, 26) 0.025 Wilcoxon
ALP (U/L) 87 (71, 108.5) 87 (71.6, 109) 0.742 Wilcoxon

γ-GT (U/L) 28 (18, 45) 25 (17, 41) 0.001 Wilcoxon

ALB (g/L) 42.8 (39.1, 45.9) 42.6 (38.7, 45.5) 0.008 Wilcoxon
BUN (mmol/L) 5.42 (4.37, 6.76) 5.815 (4.6575, 7.3425) 0.000 Wilcoxon

Cr (μmol/L) 62 (51.725, 75) 65 (54, 80.05) 0.000 Wilcoxon

UA (μmol/L) 311 (249, 373) 318 (256, 380) 0.041 Wilcoxon
TG (mmol/L) 1.8 (1.29, 2.71) 1.58 (1.12, 2.32) 0.000 Wilcoxon

TC (mmol/L) 4.59 (3.82, 5.45) 4.18 (3.38, 5.015) 0.000 Wilcoxon

HDL-c (mmol/L) 1.08 (0.89, 1.34) 1.12 (0.94, 1.35) 0.002 Wilcoxon
HbA1c (%) 0.086 (0.073, 0.103) 0.077 (0.067, 0.087) 0.000 Wilcoxon

LDL-c (mmol/L) 2.67 (2.09, 3.34) 2.3 (1.72, 3) 0.000 Wilcoxon

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure;BMI, Body Mass Index; FBG, Fasting Blood Glucose; 
Hb, Hemoglobin; HCT, Hematocrit; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin; MPV, Mean Platelet 
Volume; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; ALP, Alkaline Phosphatase; γ-GT, Gamma-glutamyl 
Transferase; ALB, Albumin; BUN, Blood Urea Nitrogen; Cr, Creatinine; UA, Uric Acid; TG, Triglycerides; TC, Total Cholesterol; 
HDL-c, High-density Lipoprotein Cholesterol; LDL-c, Low-density Lipoprotein Cholesterol.

Table 2 Rate of Achieving Target Indicators in Type 2 Diabetes Patients After One year of 
Standardized Management

Characteristics Pre-Treatment Post-Treatment p value Statistic Method

n 853 853

HbA1c compliance rate, n (%) 0.000 35.837 Chisq test
Non-compliant 699 (81.9%) 593 (69.5%)

Compliant 154 (18.1%) 260 (30.5%)

TG compliance rate, n (%) 0.000 16.165 Chisq test
Compliant 397 (46.6%) 480 (56.3%)

Non-compliant 456 (53.4%) 373 (43.7%)

TC compliance rate, n (%) 0.000 30.599 Chisq test
Non-compliant 456 (53.5%) 342 (40.1%)

Compliant 397 (46.5%) 511 (59.9%)

https://doi.org/10.2147/DMSO.S535766                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 3592

Lu et al                                                                                                                                                                               

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



a multiple logistic regression analysis. The results, as shown in Table 4, indicated that FBG and HCT were independent 
protective factors for reaching standard HbA1c levels (P<0.05), while ALB was an independent risk factor for standard 
HbA1c levels (P<0.05). A model incorporating these independent predictive factors was established and represented 
using a line graph (Figure 1).

Table 3 Correlation Between Baseline Characteristics of Type 2 Diabetes Patients and Probability of Achieving 
HbA1c Target After One year of Standardized Management

characteristics Non-Compliant Group Compliant Group p value Statistic Method

n 593 260

DBP, mean ± sd 75.058 ± 11.296 75.212 ± 10.494 0.914 −0.108 T test

SBP, median (IQR) 132 (119, 144.75) 131 (120, 138) 0.470 Wilcoxon
BMI, median (IQR) 26.1 (24.4, 27.932) 25.7 (23.9, 27.7) 0.159 Wilcoxon

Visceral fat, median (IQR) 102 (78.5, 130.15) 95.7 (79.15, 119.3) 0.331 Wilcoxon

Subcutaneous fat, median (IQR) 199.1 (164.25, 232.2) 194.85 (150.53, 215.7) 0.225 Wilcoxon
FBG, median (IQR) 8.6 (7.375, 11.05) 6.7 (6, 7.4) 0.000 Wilcoxon

Hb, median (IQR) 142 (129, 154) 138.5 (119, 154) 0.068 Wilcoxon

HCT, median (IQR) 0.4265 (0.393, 0.4535) 0.413 (0.364, 0.448) 0.030 Wilcoxon
MCV, median (IQR) 90.85 (87.7, 94.125) 91.5 (89.05, 94.4) 0.164 Wilcoxon

MCH, median (IQR) 30.7 (29.5, 31.7) 31 (29.95, 31.85) 0.038 Wilcoxon

MPV, median (IQR) 10.5 (9.9, 11.4) 10.5 (9.9, 11.3) 0.632 Wilcoxon
ALT, median (IQR) 23 (17, 33.25) 24 (18, 37) 0.327 Wilcoxon

AST, median (IQR) 20 (15, 26) 20 (16.6, 26) 0.111 Wilcoxon

ALP, median (IQR) 87.1 (72, 109) 86 (70, 102) 0.248 Wilcoxon
γ-GT, median (IQR) 26 (18, 42) 26 (18, 39) 0.760 Wilcoxon

ALB, median (IQR) 43.2 (39.25, 45.775) 44.05 (39.8, 47.4) 0.025 Wilcoxon

BUN, median (IQR) 5.75 (4.63, 7.1625) 5.62 (4.43, 7.18) 0.891 Wilcoxon
Cr, median (IQR) 63 (53, 75.7) 66.5 (57, 81.15) 0.006 Wilcoxon

UA, median (IQR) 308 (249.18, 373.75) 349 (281, 412) 0.000 Wilcoxon

TG, median (IQR) 1.75 (1.25, 2.53) 1.645 (1.0375, 2.41) 0.034 Wilcoxon
TC, median (IQR) 4.31 (3.4475, 5.22) 4.21 (3.47, 5.005) 0.257 Wilcoxon

HDL-c, median (IQR) 1.08 (0.92, 1.3) 1.09 (0.92, 1.31) 0.979 Wilcoxon

LDL-c, median (IQR) 2.45 (1.81, 3.19) 2.36 (1.86, 2.97) 0.404 Wilcoxon
Region, n (%) 0.021 5.368 Chisq test

Rural 178 (30%) 58 (22.3%)

Urban 415 (70%) 202 (77.7%)

Table 4 Multifactor Logistic Regression Analysis of Factors 
Influencing HbA1c Target Achievement

Characteristics Total(N) Multivariate Analysis

Odds Ratio (95% CI) P value

FBG 853 0.718 (0.585–0.881) 0.001

HCT 853 0.657 (0.556–0.884) < 0.001
MCH 510 1.057 (0.962–1.160) 0.248

ALB 568 1.067 (1.002–1.136) 0.044

Cr 727 1.003 (0.998–1.008) 0.247
UA 615 1.002 (0.999–1.006) 0.181

TG 720 0.781 (0.566–1.079) 0.134

Region 853
Rural 236 Reference

Urban 617 0.795 (0.387–1.634) 0.533
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Validation of Nomogram
Using bootstrapping technique with 1000 samples for internal validation, the results, as shown in Figure 2, revealed 
a Harrell C-Index of 0.747 (0.703–0.791). The derived model demonstrated good calibration, with a Hosmer-Lemeshow 
test chi-square value of 10.852 and P=0.210, indicating good predictive accuracy. As depicted in Figure 3, the ROC of 
the prediction column plot was 0.747 (95% CI 0.703–0.790), suggesting good discrimination. Based on the results in 
Figure 4, the model exhibited good clinical predictive performance.

Discussion
Diabetes is a widespread disease that has garnered significant investments from governments and families, yet the 
management of the disease remains suboptimal. Even in developed nations, the rate of diabetes control meeting 
established standards has not surpassed 50%.16 Inadequate blood glucose control in diabetic patients can result in various 
acute and chronic complications.17 Research has demonstrated that the implementation of standardized management 
protocols based on Multidisciplinary Medical Care (MMC) can effectively regulate metabolic parameters in individuals 
with pancreatic dysfunction.7 The objective of this investigation is to develop and validate a personalized predictive 
model for attaining HbA1c targets in individuals with type 2 diabetes. By conducting a comparative analysis of the 
efficacy and changes in indicators among 853 patients following one year of MMC standardized management, our goal is 
to investigate the influence of MMC management on patients’ physiological parameters, blood glucose levels, and lipid 
profiles, as well as the alterations in HbA1c target attainment rates and associated factors.

Diabetes is a common risk factor for cardiovascular diseases. According to data from the China Cardiovascular 
Metabolic Disease Registry (CCMR) - 3B,18 the incidence of ischemic heart disease and cerebrovascular disease in 
Chinese patients with type 2 diabetes combined with dyslipidemia significantly increased to 14.6%. Furthermore, studies 
have shown19 that long-term intensive treatment of diabetes patients significantly reduces blood pressure and lipid 
metabolism levels, thereby reducing the risk of cardiovascular and microvascular events. According to the latest 
“Chinese Type 2 Diabetes Prevention and Treatment Guidelines” (2020 edition), a rational treatment strategy for 

Figure 1 Predictive nomogram model for HbA1c target achievement based on multivariable logistic regression analysis.
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type 2 diabetes should involve comprehensive management, including control of blood glucose, blood pressure, blood 
lipids, and weight, with lifestyle management guidance being long-term and individualized. However, the current 
diabetes management models in China have certain limitations, whether they are hospital-centered, community- 
centered, or mobile medical management models. In this context, Mobile Medical Care (MMC) as a simplified and cost- 
effective diabetes management model has attracted attention. In multiple regions such as Dalian, Zhengzhou, Shanghai, 
Ningbo, etc., after undergoing MMC management, patients have shown significant improvements in blood glucose, blood 

Figure 3 ROC curve for the nomogram model.

Figure 2 Calibration curve for the nomogram model.
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lipid levels, and self-management capabilities. In our hospital, under the MMC management model, tailored educational 
approaches have been adopted based on the characteristics of Datong area, particularly targeting rural residents. Through 
methods such as pictures, short videos, distributing small gifts, and face-to-face communication, we work with patients to 
develop exercise and dietary plans, and teach insulin injection methods. By following the MMC Housekeeper WeChat 
public account, family members can join the diabetes management platform to better understand the patient’s blood 
pressure, blood glucose, and other conditions. Doctors can promptly access the patient’s various indicators through the 
MMC platform, make adjustment plans as needed, thereby enhancing patient compliance with proper diet, blood glucose 
monitoring, and regular exercise.

In this study, we conducted a one-year efficacy comparison of standardized management of 853 type 2 diabetes 
patients with MMC. The results demonstrated a significant impact of MMC standardized management on the efficacy of 
type 2 diabetes patients. Specifically, lowered indicators such as SBP, FBG, and HbA1c were closely associated with the 
control and management of diabetes. Hypertension is a common complication in diabetes patients,20 and MMC 
standardized management effectively improved patients’ blood pressure and blood glucose levels through comprehensive 
intervention measures including medication, dietary control, and exercise guidance, thereby reducing the risk of 
cardiovascular events and diabetes complications. HbA1c is a key indicator for evaluating long-term blood glucose 
control in diabetes.21 Following MMC standardized management, a significant decrease in HbA1c levels in patients 
indicated that MMC could effectively improve patients’ blood glucose control levels. This result is closely related to 
factors such as rigorous blood glucose monitoring, personalized treatment plans, and patient education provided by 
MMC. The study suggests that in type 2 diabetes patients, the occurrence of diabetes complications is significantly 
associated with hyperglycemia, and a decrease in HbA1c levels can significantly reduce the risk of complications (such 
as retinopathy, nephropathy, and cardiovascular diseases).22,23

The UK Prospective Diabetes Study (UKPDS) has shown that a 1% reduction in HbA1c can decrease the probability 
of diabetes-related endpoints by 21%, reduce the risk of diabetes-related mortality by 21%, and lower the risk of 
microvascular complications by 37%.22 Therefore, early glycemic control through inclusion in a Multidisciplinary 
Management Clinic (MMC) can significantly reduce the occurrence of both macrovascular and microvascular complica
tions in diabetes patients. Following MMC management, levels of TG, TC, and LDL-c have significantly decreased, 
while HDL-c has shown an increasing trend. These changes indicate that MMC effectively improves patients’ lipid 

Figure 4 Decision curve analysis for the nomogram model.
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metabolism, reducing the risk of atherosclerosis and cardiovascular events. Lipid abnormalities are common metabolic 
disorders in diabetic patients, posing a serious threat to cardiovascular health.24 Furthermore, our study found that after 
standardized MMC management for one year, there was a significant improvement in the achievement rates of HbA1c, 
TG, and TC targets in type 2 diabetes patients, demonstrating that MMC management effectively enhances patients’ 
glycemic and lipid control levels, reducing disease risk and improving quality of life, consistent with previous research 
findings.9 Therefore, by controlling lipid levels, MMC helps reduce the cardiovascular disease risk in diabetes patients. 
Additionally, elevated markers such as AST, BUN, and Cr reflect the impact of standardized MMC management on liver 
and kidney function. Diabetes patients often have liver and kidney function abnormalities,25,26 and the comprehensive 
interventions of standardized MMC management may stimulate liver and kidney function, leading to the elevation of 
these markers. However, these changes may be temporary and require long-term follow-up and monitoring.

Type 2 diabetes mellitus (T2DM) is a common chronic metabolic disease, and one of the key goals in its management is 
to reduce HbA1c levels to decrease the risk of complications.27 In this study, we analyzed the results of 853 T2DM patients 
who underwent one year of standardized management at the National Metabolic Management Center (MMC), and found 
differences in several baseline characteristics and biochemical markers between the group that achieved target HbA1c 
levels and the group that did not. These differences may have influenced the rate of achieving target HbA1c levels. The 
study results showed a significant decrease in FBG levels in the group that achieved target HbA1c levels. Good glycemic 
control is one of the key factors for T2DM patients to achieve target levels. FBG, as a representative of fasting blood 
glucose levels, has a significant impact on achieving target HbA1c levels. The study suggests that controlling FBG levels 
can effectively lower HbA1c levels, thereby improving the management of diabetes in patients.28 Low FBG levels may 
reflect effective medication therapy and dietary control in MMC standardized management, promoting glucose stability. 
The group that achieved target HbA1c levels also showed a significant decrease in HCT. HCT is a measure of the 
proportion of red blood cells in the blood, and its decrease may reflect the impact of MMC management on patient blood 
circulation. Some studies29–31 suggest that T2DM patients are at risk of anemia, and the decrease in HCT may be related to 
blood glucose control and medication therapy in MMC management. High HCT levels may indicate dehydration or blood 
concentration in patients, which could affect the stability of glucose metabolism.32

Meanwhile, ALB levels exhibited a significant increase in the group achieving the target HbA1c levels. Albumin, 
a vital protein in the body, may reflect an enhancement in the nutritional status of patients undergoing comprehensive 
metabolic control (CMC) management. Optimal nutritional status plays a pivotal role in maintaining metabolic equili
brium and averting complications in individuals with T2DM. The levels of albumin in diabetic individuals are frequently 
influenced by renal function and nutritional status.33 Decreased albumin levels could signify malnutrition or renal 
dysfunction, potentially leading to instability in blood glucose metabolism and impacting the attainment of HbA1c 
targets.34 Conversely, there was a notable decreasing trend in TG levels among individuals meeting the HbA1c targets. 
TG serves as an independent factor contributing to the risk of cardiovascular disease in patients with T2DM, and its 
reduction may be linked to therapeutic interventions targeting lipid abnormalities in CMC management. This underscores 
that standardized CMC management not only aids in glycemic control but also enhances the lipid metabolism profile of 
patients. Recent investigations35,36 have highlighted that the geographical location (urban versus rural) independently 
influences blood glucose regulation, with urban dwellers exhibiting higher rates of achieving glycemic targets compared 
to their rural counterparts. Studies have indicated a higher prevalence and awareness of diabetes in urban settings than in 
rural areas.35 Our research unveiled a higher rate of HbA1c target attainment in urban regions compared to rural locales, 
potentially attributed to the differential healthcare resources accessible to urban and rural populations.

Conclusions
In this study, we have developed a personalized predictive model aimed at forecasting the achievement of HbA1c targets 
one year after standardized management at the National Metabolic Management Center (MMC) in individuals diagnosed 
with type 2 diabetes mellitus. Using univariate analysis, we identified several factors, including FBG, HCT, MCH, ALB, 
Cr, UA, TG, and Region, and selected FBG and HCT as independent protective factors for achieving HbA1c targets, while 
ALB emerged as an independent risk factor. We constructed a predictive model based on these variables and validated it 
using internal validation and bootstrapping techniques, demonstrating strong calibration and predictive accuracy.
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Despite these promising results, the study has several limitations. Firstly, it is a single-center, retrospective study with 
a relatively small sample size, which may introduce selection bias. Additionally, other potential influencing factors were 
not considered in the model, and the HCT variable was initially coded incorrectly, which may have impacted the results. 
Further external validation and comparison with simpler benchmarks, such as baseline HbA1c, are required to confirm 
the clinical utility of this model. Moreover, future research should focus on expanding the sample size, adopting 
a multicenter design, and evaluating additional variables to enhance predictive accuracy. Given the observed post- 
MMC rises in renal and liver markers, further investigation is necessary to understand their implications for long-term 
clinical outcomes. Therefore, while our model demonstrates potential, its practical utility and clinical application remain 
pending external validation.
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