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Purpose: The ratio of gamma-glutamyl transferase (GGT) to high-density lipoprotein cholesterol (HDL-C) (GHR) represents a novel
non-insulin-based biomarker for evaluating the risk of NAFLD and T2DM. However, its correlation with diabetic kidney disease
(DKD) remains unexplored. This study aims to explore the association between GHR and DKD in patients with T2DM.

Patients and Methods: In this cross-sectional study, 2798 patients diagnosed as T2DM admitted to the hospital from 2018 to 2023
were assessed. The analysis was conducted through restricted cubic spline (RCS) and logistic regression methodologies, comple-
mented by additional stratified and interaction analyses.

Results: As the quartiles of GHR increase, there is a notable increase in the prevalence of DKD, with the rates of 43.2%, 47.2%,
52.1%, and 57.4%, respectively. Logistic regression analysis showed a positive association between GHR and DKD (OR=1.17, 95%
CI: 1.05-1.30), which was consistently observed across all subgroups through stratified analysis. RCS analysis identified an inverted
L-shaped association, with an inflection point at 84.5. Additionally, AUC for GHR (AUC = 0.637, 95% CI: 0.616-0.657) was
significantly higher compared to those of GGT and HDL alone.

Conclusion: GHR exhibits a positive association with the risk of DKD, underscoring its potential utility as a cost-effective biomarker
for stratifying the risk of DKD.

Keywords: diabetic kidney disease, GHR, insulin resistance, TyG, type 2 diabetes mellitus

Introduction

DKD represents a major long-term complication of diabetes mellitus (DM), distinguished by the presence of proteinuria
and the gradual progression to renal failure.'” The global incidence of DM is on an upward trajectory, with projections
indicating that approximately 537 million adults worldwide were afflicted by DM as of 2021, a number anticipated to
escalate to 783 million by 2045.> DKD has been recognized as the predominant cause of end-stage renal disease and
CKD, necessitating transplantation or dialysis on a global scale.* Approximately 30% to 40% of individuals diagnosed as
DM eventually experience DKD, and the occurrence of DKD is on an upward trajectory.’ DKD significantly contributes
to the global disease burden and presents considerable healthcare security and socio-economic challenges.*
Consequently, early intervention in patients with DM to mitigate the risk of DKD is of paramount importance.

Insulin resistance (IR) is characterized by a diminished cellular responsiveness to insulin, leading to decreased
efficacy in insulin-mediated glucose utilization and uptake. Subsequent research has elucidated the pivotal role of IR in
the pathogenesis of diabetes, with its correlation to DKD garnering heightened scholarly interest.® ™ Numerous clinical
studies have established a robust association between the severity of IR and elevated microalbuminuria, as well as
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a marked reduction in eGFR among diabetic patients.”'' The hyperinsulinemic euglycemic clamp (HIEC) is currently
regarded as the gold standard for evaluating IR; however, its extensive time requirements and significant economic cost
restrict its widespread application in clinical settings.'?

GGT is an enzyme that plays a role in amino acid metabolism and is inducible under certain physiological
conditions."® Predominantly originating from the hepatobiliary system, serum GGT is extensively utilized in clinical
settings as a sensitive, albeit nonspecific, marker for assessing liver function impairment.'* Numerous prospective studies
have established a correlation between GGT levels and IR, identifying elevated GGT as an independent risk factor for
DKD.'>'® Research indicates that HDL-C can improve p-cell function and enhance glucose uptake, with diminished
levels of HDL-C being indicative of impaired B-cell function and IR.'*?° Moreover, numerous studies have shown
a correlation between reduced HDL-C levels and an elevated risk of diabetes and DKD.?'** Numerous studies have
demonstrated that the GHR serves as a robust predictor for the prevalence of MASLD, metabolic syndrome (MetS),
T2DM, and cardiovascular disease (CVD), exhibiting significantly greater predictive efficacy compared to individual
indicators.>>?” Nonetheless, the association between GHR and DKD remain unexplored.

Considering the established correlation between HDL-C, GGT, IR, and DKD, it is imperative to investigate the
relationship between the GHR and DKD. The objective is to identify novel clinical indicators for early screening, thereby
contributing to improved prevention and management strategies for DKD. The study hypothesizes that GHR, which
integrates HDL-C levels and GGT, will exhibit superior predictive performance for DKD compared to the GGT or HDL-
C alone.

Materials and Methods

Research Subjects

A total of 3,960 patients with T2DM were initially screened at the Second Affiliated Hospital of Wenzhou Medical

University from September 2018 to May 2023. Exclusion criteria included preexisting conditions such as hypogonadism,

chronic renal failure, hypopituitarism, exposure to radiation therapy, chronic alcoholism, or chronic liver disease.
Exclusion criteria were: (1) individuals younger than 18 years old, (2) those with incomplete data, including urinary

albumin-to-creatinine ratio (UACR), GHR, and eGFR, (3) those with terminal malignancies, (4) pregnant females, and

(5) those with incomplete covariate data. Consequently, 2798 patients were included in the final analysis (see Figure 1).

Data Collection

Trained interviewers gathered extensive clinical data from all subjects according to institutional electronic medical
records, followed by standardized protocols. Demographic variables, including age and gender, were analyzed. Medical
variables included the duration of DM, presence of hyperuricemia, hypertension, CHD, stroke, and dyslipidemia, while
lifestyle factors encompassed smoking, alcohol abuse, and lipid-lowering drugs use. Physical examination metrics, such
as weight, height, and blood pressure, were recorded. Laboratory assessments comprised measurements of fasting plasma
glucose (FPQ), total triglycerides (TG), AST, HDL-C, ALT, LDL-C, creatinine, GGT, cholesterol (TC), albumin, uric
acid, and UACR, all conducted at the respective hospitals.

eGFR was conducted with the formula developed by the Chronic Kidney Disease Epidemiology Collaboration.*®

Definition of GHR, TyG, and DKD
GHR=GGT (U/L)/HDL (mmol/L).

TyG = Ln[FPGxTG/2]*’

DKD was diagnosed in patients with T2DM by identifying those with UACR greater than 30 mg/g and/or eGFR less
than 60 mL/min/1.73 m*.*®

Statistical Analysis
Data normally distributed and skewed were presented as meantSD and medians with interquartile ranges (IQR),
respectively. These data were compared through Kruskal-Wallis H-tests and one-way ANOVA, respectively.
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Figure | The flow chart of the study.

Categorical data were expressed as percentages and frequencies, and were analyzed through GHR quartiles using chi-
square (y%) tests. To explore the association between GHR and DKD, univariate and multivariate binary logistic
regression analyses were employed, incorporating three levels of adjustment: Model 1 was unadjusted; Model 2 was
adjusted for gender and age; and Model 3 included further adjustments for ALT, AST, FPG, albumin, uric acid, SBP,
DBP, BMI, CHD, hyperlipidemia, stroke, smoking status, drinking status, duration of DM, and lipid-lowering drugs use.
To explore the potential nonlinear association between GHR and DKD, RCS models were utilized. Effect modifications
were explored through interaction and subgroup analyses based on variables such as gender, age (<60 years old or >60
years old), HbAlc (<9% or >9%), BMI, and the presence of hypertension, hyperlipidemia, and hyperuricemia. The
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prognostic performance of three biomarkers was assessed through ROC curves including: GHR, GGT, and HDL. For
sensitivity analyses, subjects were divided into KDIGO risk categories based on combined values of UACR and eGFR,
classified as moderate, low, very high, and high risk.*® Furthermore, they were further divided into very high risk,
moderate risk, low risk, and high risk. All statistical analyses were performed with R software (version 4.2.2).

Results

Baseline Characteristics

The study encompassed a cohort of 2798 patients diagnosed with T2DM, among whom 1399 individuals were identified
with DKD, while 1399 individuals did not present with DKD (see Table 1). Table 1 delineates the characteristics of the
research population, stratified according to quartiles of GHR. Participants in the highest GHR quartile demonstrated
a greater prevalence of DKD, CHD, hyperlipidemia, hypertension, and hyperuricemia. Additionally, this group had
a higher proportion of males and smokers, as well as elevated levels of SBP, DBP, ALT, AST, TG, uric acid, GGT,
creatinine, and UACR, compared to those in the lowest quartile. In contrast, HDL-C was significantly lower in the
highest quartile (p<0.01) (Table 1).

Table | Baseline Characteristics Participants

Characteristics Total (n=2798) Ql Q2 Q3 Q4 p-value
(n=699) (n=697) (n=702) (n=700)
Age, year 58.8 + 14.9 59.2 + 15.6 604 + 13.7 59.5 + 14.0 56.2 + 15.8 < 0.001
Female, n (%) 1122 (40.1) 420 (60.1) 285 (40.9) 232 (33.0) 185 (26.4) < 0.001
Diabetes duration, year 9778 114 + 8.1 106 7.6 9276 75+72 < 0.001
BMI 246 + 133 232+ 10.7 25.1 £ 225 247 + 4.1 254 + 84 0.010
SBP, mmHg 141.5 + 26.8 1394 + 283 1409 + 25.7 142.3 £ 27.0 143.3 £ 25.9 0.034
DBP, mmHg 834+ 179 81.2+80 829+79 835+ 89 86.1 + 32.6 < 0.001
Hypertension, n% 1430 (51.1) 315 (45.1) 340 (48.8) 376 (53.6) 399 (57) < 0.001
Hyperlipidemia, n% 1416 (50.6) 243 (34.8) 292 (41.9) 425 (60.5) 456 (65.1) < 0.001
Hyperuricemia, n% 759 (27.7) 124 (18.1) 164 (23.9) 200 (28.9) 271 (39.7) < 0.001
CHD, n% 178 (6.4) 30 (4.3) 36 (5.2) 56 (8.0) 56 (8.0) 0.005
Stroke, n% 324 (11.6) 81 (11.6) 87 (12.5) 89 (12.7) 67 (9.6) 0.247
Smoking, n% 860 (31.3) 140 (20.6) 200 (29.1) 248 (35.7) 272 (39.7) < 0.001
Drinking, n% 682 (24.8) 99 (14.6) 148 (21.5) 181 (26) 254 (37.1) < 0.001
Lipid-lowering drugs use, n% 2196 (78.5) 536 (76.7) 567 (81.4) 567 (82.1) 526 (73.7) 0.016
FPG, mmol/L 6.8 £ 20 6.7 £23 67+19 69 +20 6819 0.427
Uric acid, mmol/L 3484 + 110.4 308.0 £ 93.5 3375 +998 357.2 + 106.4 391.0 £ 123.1 < 0.001
ALT, IU/L 28.0 + 34.2 169 + 9.5 218+ 17.6 25.1 + 234 48.1 £ 56.2 < 0.001
AST, IU/L 252 217 194 + 8.6 20.7 £ 10.7 236 +21.9 37.1 £31.8 < 0.001
GGT, IU/L 445 + 64.4 14.0 + 4.6 226 59 358 % 1.1 105.7 £ 105.6 < 0.001
TC, mmol/L 4.42 (3.61, 5.22) | 4.46 (3.70, 5.25) | 4.37 (3.50, 5.09) | 4.48 (3.67, 5.28) | 4.36 (3.56, 5.32) 0.097
TG, mmol/L 1.50 (1.05, 2.22) | 1.10 (0.82, 1.53) | 1.37 (1.01, 1.83) | 1.77 (1.24, 2.61) | 2.0l (1.33,3.18) | < 0.00I
HDL-C, mmol/L 0.98 (0.82, 1.18) | 1.20 (1.03, 1.43) | 1.00 (0.88, I.16) | 0.91 (0.77, 1.06) | 0.85 (0.71, 1.02) | < 0.00I
LDL-C, mmol/L 2.66 (1.94, 3.44) | 2.67 (1.98, 3.40) | 2.68 (1.96, 3.42) | 2.71 (1.97, 3.52) | 2.59 (1.84, 3.37) 0.090
Albumin, g/d| 40.1 £ 4.4 394 + 39 40.1 £ 4.0 405 + 45 404 + 4.8 < 0.001
Creatinine, umol/L 77.3 £ 59.1 70.1 + 50.4 76.5 + 56.8 79.2 £ 53.6 832 +72.6 < 0.001
eGFR, mL/min/1.73m? 952 + 254 97.1 £ 23.1 95.8 + 27.9 94.1 £ 24.7 89.9 +25 0.015
UACR, mg/g 2.7 (0.5, 11.7) 2.1 (0.0, 8.3) 2.5 (0.1, 12.1) 3.0 (05, 12.1) 3.4 (0.9, 15.3) < 0.001
GGT/HDL ratio 28.6 (16.5, 51.9) 11.9 (9.0, 14.1) | 21.6 (18.6,25.0) | 37.1 (32.0, 43.6) | 86.7 (65.3, 129.5) | < 0.001
DKD, n% 1399 (50.0) 302 (43.2) 329 (47.2) 366 (52.1) 402 (57.4) < 0.001

Abbreviations: TC, total cholesterol; TG, triglyceride; HDL-c, High density lipoprotein cholesterol; LDL-c, Low density lipoprotein cholesterol; GGT/HDL ratio,
gamma-glutamyl transferase to high-density lipoprotein cholesterol ratio; DKD, diabetic kidney disease; UACR, urine albumin-creatinine ratio; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-

glutamyl transferase.
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Association Between GHR and DKD

The findings of this study demonstrate that an increased GHR 1is associated with an increased probability of DKD, as
illustrated in Table 2. Upon controlling for all covariates, the positive association between GHR and the incidence of
DKD remained statistically significant (Model 3: OR=1.17, 95% CI: 1.05-1.30). When GHR was stratified into quartiles,
a consistent positive association with the prevalence of DKD was evident. In Model 3, subjects in the highest GHR
quartile exhibited a 68% higher probability of DKD compared to those in the lowest quartile (OR=1.68, 95% CI:
1.25-2.25).

Figure 2 illustrates the presence of an inverted L-shaped association between GHR and DKD, with the inflection point at
84.5. When GHR <84.5, the risk of DKD increased by 101% for every 1 SD increase in GHR (OR = 2.01, 95% CI:
1.05-1.18). However, when GHR >84.5, this positive association was not detected (OR =1.05, 95% CI: 0.90-1.23) (Table 3).

Subgroup Analysis

The potential effect modification was explored through subgroup analyses by demographic variables, including age,
BMI, gender, and HbAlc, as well as comorbid conditions such as hypertension, hyperlipidemia, and hyperuricemia. The
association between the risk of DKD and GHR was generally consistent across most subgroups (Figure 3, P for
interaction>0.05).

Mediation Analysis
The mediation analysis, depicted in Figure 4, reveals that TyG partially mediated the association between GHR and
DKD. Specifically, TyG contributed to 26.6% of the association with DKD.

Diagnostic Efficacy of GHR for DKD

The diagnostic efficacy of GHR, GGT, and HDL for DKD, was evaluated through a ROC curve analysis (see Figure 5).
The findings indicate that the overall predictive value of GHR surpassed that of GGT, and HDL, with the statistical
significance (p < 0.05, see Table 4).

Sensitivity Analysis
To support the findings, sensitivity analyses were conducted. The DKD patients were divided into four stages according
to KDIGO risk categories: very high, moderate, low, and high risk. As the risk severity of KDIGO increased, GHR
exhibited a gradual increasing trend (p < 0.001, see Figure 6). Additionally, the proportion of patients classified in the
very high-risk category increased with higher GHR quartiles (see Figure 7).

Table 5 illustrated the association between GHR and DKD stages. After adjusting for potentially significant
confounders, it was observed that an increase in GHR was associated with a significant increase the risk of DKD within
high risk, moderate risk, and very high-risk groups (p < 0.01).

Table 2 Logistic Regression Analysis for the Association Between GGT/HDL Ratio and the Risk of DKD

Subgroups Modell Model2 Model3

HR (95% CI) | P-value | HR (95% CI) | P-value | HR (95% ClI) | P-value

GGT/HDL ratio, per 1-SD | 120 (1.10~1.30) | <0.001 | 129 (I.18~1.42) | <0.001 | 1.17 (1.05~1.30) | 0.005

GGT/HDL ratio (quartile)

Ql I(Ref) I (Ref) I (Ref)

Q2 118 (0.95~1.45) | 0.134 | 1.17 (0.94~1.46) | 0.152 | 1.08 (0.83~I.4) | 0575
Q3 143 (1.16~1.77) | 0001 | 152 (1.21~1.89) | <0.001 | 1.34 (1.03~1.76) | 0.031

Q4 1.77 (1.43~2.19) | <0.001 | 2.18 (1.74~2.74) | <0.001 | 1.68 (1.25~2.25) | 0.00I

P for trend <0.001 <0.001 <0.001

Notes: Model |: Unadjusted. Model 2: Adjusted for Model | + age + gender. Model 3: Adjusted for Model 2 + ALT, AST, FPG, albumin, uric acid,
SBP, DBP, BMI, CHD, hyperlipidemia, stroke, smoking status, drinking status, duration of DM, and lipid-lowering drugs use.
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Figure 2 The nonlinear association between GHR and DKD.The result was based on Model 3, which is adjusted for age, gender, ALT, AST, FPG, albumin, uric acid, SBP, DBP,
BMI, CHD, hyperlipidemia, stroke, smoking status, drinking status, duration of DM, and lipid-lowering drugs use.

Discussion

This study explored the association between GHR and DKD in patients with T2DM. The findings revealed a significant
positive association between GHR and DKD. This relationship remains consistent regardless of age, BMI, gender,
HbAlc, hypertension, hyperlipidemia, and hyperuricemia. Furthermore, ROC analysis indicated that GHR possesses
superior predictive capabilities for DKD compared to GGT and HDL-C individually. These results suggest that GHR may
serve as a simple and cost-effective biomarker for identifying patients with T2DM at an increased risk for DKD.

Table 3 Threshold Effect Analysis of GGT/HDL Ratio on DKD
Using the Two-Piecewise Logistic Regression Model

HRR Adjusted HR (95% CI) | P value
Inflection point 84.5

GGT/HDL ratio<84.5, per I-SD 2.01 (1.42~2.86) <0.001
GGT/HDL ratio>84.5, per 1-SD 1.05 (0.90~1.23) 0.528
Log likelihood ratio <0.001

Notes: Gender, age, ALT, AST, GGT, FPG, TG, albumin, uric acid, SBP, DBPF, BMI, CHD,
stroke, smoking status, drinking status, diabetes duration, and lipid-lowering drugs use
were adjusted.
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Subgroup n.event_% adj.OR_95CI P value P.for.interaction
Overall
Crude 1399 (50.0) 1.20 (1.10~1.30) <0.001 —
Adjusted 1.17 (1.05~1.30) 0.005 _—
Gender 0.115
Female 599 (53.4) 1.28 (0.98~1.68)  0.067 ' L |
Male 800 (47.7) 1.15(1.03~1.30)  0.017 ——
Age, years 0.731
<60 542 (39.6) 1.17 (1.02~1.34)  0.029 —_—
>60 857 (59.9) 1.22 (1.03~1.46)  0.023 ——
BMI, kg/m2 0.693
<24 603 (45.4) 1.05(0.91~1.21)  0.484 ——
24-27.9 557 (53.7) 1.31(1.06~1.62)  0.013 ' < |
>28 226 (55.8) 1.38(0.98~1.94)  0.067 ' < |
HbA1c, % 0.429
<9.0 610 (51) 1.09 (0.92~1.29)  0.316 ———
>9.0 566 (48.6) 1.11(0.93~1.34)  0.243 ——
Hypertension 0.604
No 454 (33.2) 1.07 (0.92~1.24)  0.363 ———
Yes 945 (66.1) 1.22 (1.02~1.45)  0.028 —_——
Hyperlipidemia 0.888
No 639 (46.2) 1.17 (0.99~1.37)  0.058 ——A
Yes 760 (53.7) 1.13(0.98~1.31)  0.102 H——
Hyperuricemia 0.870
No 871 (43.9) 1.12(0.99~1.26)  0.080 ——
Yes 505 (66.5) 1.33(1.05~1.68)  0.018 ' < |
| |
0.90 1.0 20

OR (95%Cl)

Figure 3 Subgroup analysis of the GHR and DKD among T2DM patients. Adjusted variables: age, gender, ALT, AST, FPG, albumin, uric acid, SBP, DBP, BMI, CHD,
hyperlipidemia, stroke, smoking status, drinking status, duration of DM, and lipid-lowering drugs use.

IR is not only a fundamental pathophysiological characteristic of diabetes but also plays a critical role in the

progression and onset of DKD."'**! IR contributes to the pathogenesis of DKD through multiple biological mechanisms,

32,33 34,35

including oxidative stress, heightened inflammatory responses, facilitation of extracellular matrix
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Indirect effect: 3=0.0002
Total effect: =0.0007

Figure 4 Mediation analysis of TyG in the association between GHR and DKD.

Notes: GHR was defined as the independent variable; DKD as the dependent variable; and TyG as the mediating variable.
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Figure 5 ROC analysis of GHR, GGT, HDL to DKD among T2DM patients.

accumulation,® and endothelial dysfunction.*”*® These processes collectively result in significant alterations in renal
structure and function. GGT is a widely utilized biomarker for evaluating liver function and is frequently employed in the
assessment of hepatic injury. Research has demonstrated that GGT serves as a sensitive indicator of IR in adults, with
serum GGT levels acting as an independent predictor of the HOMA-IR.* Epidemiological research has also confirmed

name
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= GGT
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Table 4 The AUC for Each Index to Discriminate DKD

AUC 95% CI Cutoff value | Sensitivity | Specificity | P for difference in AUC

GGT/HDL ratio | 0.637 | 0.616-0.657 25.1 0.731 0.519 Reference
GGT 0.610 | 0.589-0.631 355 0.733 0.460 <0.001
HDL 0.594 | 0.573-0.615 0.85 0.730 0.444 <0.001

a link between high GGT levels and the occurrence of MetS, though this connection is influenced by the extent of IR.*
Moreover, a cross-sectional study in China found a notable positive relationship between GGT levels and DKD.*!
Furthermore, research has shown a strong link between lipid metabolism issues and DKD, suggesting that high TC and
LDL levels, combined with low HDL levels, are linked to an increase DKD risk.*

The GHR is a newly established metric used to evaluate NAFLD and is linked to diseases related to IR.** In
a longitudinal study, Jung et al identified the GHR as a significant predictor of CVD risk in females, with a stronger
correlation observed in urban populations compared to rural ones.”> Additional longitudinal studies with 15,453 Japanese
individuals showed that a higher GHR predicts the onset of T2DM.** Zhao et al expanded on these findings, revealing
a curvilinear relationship between the GHR and T2DM risk.** Gong et al identified the GHR as a significant predictor of
MetS risk in patients with T2DM through a cross-sectional study.” Additionally, a recent retrospective cohort study has
highlighted the GHR as a prognostic marker for MetS remission in adults who have undergone sleeve gastrectomy.?
Collectively, the extant literature suggests an association between elevated GHR and an increased risk of T2DM,
NAFLD, MetS, and CVD. To our knowledge, no research has explored the link between the GHR and DKD risk. Our
results indicate that a higher GHR correlates with an increased DKD risk in T2DM patients.

Fueion(3, 662.31) =7.94, p = 3.306-05, 2 = 0.03, Closy; [0.01, 1.00], nops = 2,750

PhHolm-ad, = 2.58e-03

400

GGT.HDL.ratio

200

JueoyIuBIS :UMOYS SIEg ‘||OMOH—SOWEeD) :}S8} aSIMIEY

N r—rey =1 = [Bmean = 48.41
mean = 40.

0 1 2 3
KDIGO

loge(BFo1) = ~3.99, R*Eosesion = 9.00e-03, Cl5ey, [2.67€-03, 0.02], réZs, =0.71

Figure 6 GHR levels across KDIGO risk categories in patients with T2DM.
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Figure 7 Distribution of KDIGO risk categories across quartiles of GHR.

An increased GGT level can indicate hepatic steatosis, whereas a decreased HDL level is linked to dyslipidemia and
IR. This suggests that the GHR may integrate the individual functions of HDL-C and GGT. To evaluate the diagnostic
efficacy of the GHR for DKD, we conducted ROC curve analyses. Our findings indicated that the AUC for the GHR was
significantly greater than those for HDL or GGT alone, demonstrating a high diagnostic value (AUC: 0.637). The GHR
may help predict the occurrence of DKD. Additionally, since GGT and HDL are standard tests in clinical labs, they are
easy to perform and cost-effective, suggesting promising applications of the GHR in T2DM patients.

The analyses identified a significant non-linear association between GHR and the risk of DKD, marked by an
inflection point at 84.5. Below this threshold, an elevated GHR was associated with an increased risk of DKD. However,
when GHR exceeding 84.5, the effect values were not statistically significant. The influence of additional baseline
variables on the risk of DKD among participants cannot be overlooked. It has been observed that patients with T2DM
who exhibit higher GHR also tend to present elevated levels or proportions of SBP, DBP, ALT, AST, TG, uric acid, and
smoking habits, as detailed in Table 1. These indicators have been closely associated with DKD, as documented in
previous studies.**” When the GHR exceeds 84.5, the presence of these DKD risk factors diminishes the relative impact
of GHR on DKD risk. Conversely, when the GHR is below 84.5, the levels of DKD risk factors such as SBP, DBP, ALT,
AST, TG, and uric acid are reduced, thereby attenuating their impact on DKD and consequently enhancing the relative
effect of GHR.

To investigate the significant role of IR in the association between GHR and DKD, a mediation analysis was
conducted in this study. The results demonstrated that the TyG index served as a mediator in the relationship between
GHR and DKD. These findings offer valuable insights for further elucidating the connection between GHR and DKD.

Table 5 Effect-Size Estimates of GGT/HDL Ratio with KDIGO Risk Categories of DKD

DKD Risk | Low Risk Moderate Risk High Risk Very High Risk

OR (95% Cl) | Pvalue | OR(95%CI) | Pvalue | OR (95% CI) | P value

Model | Reference | 1.17 (1.04~ 1.31) 0.009 1.20 (1.04~ 1.38) 0.01 1.20 (1.1~1.32) <0.001
Model 2 Reference | 1.25 (.11~ 1.42) | <0.001 1.29 (1.17~1.42) <0.001 1.32 (1.14~ 1.53) | <0.001
Model 3 Reference | 1.01 (0.79~ 1.28) 0.944 1.18 (1.06~1.33) 0.004 1.19 (1.02~ 1.38) 0.029

Notes: Model I: Unadjusted. Model 2: Adjusted for Model | + age + gender. Model 3: Adjusted for Model 2 + ALT, AST, GGT, FPG, TG,
albumin, uric acid, SBP, DBP, BMI, CHD, stroke, smoking status, drinking status, diabetes duration, and lipid-lowering drugs use.
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The mechanisms underlying the association between elevated GHR levels and DKD remain inadequately understood.
Current hypotheses suggest that this relationship may be linked to IR, dyslipidemia, and oxidative stress within the
pathology of DKD.'"'®*3-> Firstly, empirical evidence indicates that elevated GGT levels are associated with metabolic
syndrome and IR.* Given the critical role of IR in the pathogenesis of DKD," it is plausible that GGT may influence the
progression of DKD through its mediation of IR. Furthermore, oxidative stress is recognized as a pivotal factor in both
the progression and initiation of DKD.* Consequently, the antioxidative activity of HDL may contribute to the
pathogenesis of DKD.** In the context of elevated GHR, the presence of high GGT levels coupled with low HDL-c
levels may be associated with the development of DKD.

This study is subject to several limitations. Firstly, because it is a cross-sectional study, causal inferences cannot be
made, emphasizing the need for prospective cohort studies to explore the causal association between GHR and DKD.
Secondly, the research subjects were patients from hospitals, which might restrict the applicability of the results. Thirdly,
despite making adjustments for various potential confounders, factors such as diet, exercise, and medication were not
considered, allowing for residual confounding. Ultimately, while this study established robust associations between GHR
and DKD, interventional studies are necessary to ascertain whether targeting components of GHR can effectively
mitigate the risk of DKD or enhance renal outcomes.

Conclusion

In conclusion, a substantial positive association was identified between GHR and DKD in patients with T2DM. An
increased GHR is independently associated with an increased risk of DKD. These findings indicate the potential utility of
GHR as a clinical marker for identifying patients at high risk, underscoring the need for targeted interventions to
prevent DKD.
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