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Abstract
Aim:  This  study  aimed  to  explore  the  correlation  between  peroxisome
proliferator-activated  receptor  γ  coactivator  1α  (PGC-1α)  and  diabetic  kidney  disease
(DKD)  susceptibility  in  the  Han  Chinese  population.

Methods:  The  distribution  of  Gly482Ser  (rs8192678)  and  its  relationship  with  blood
PGC-1α  messenger  RNA  (mRNA)  expression  were  examined  in  healthy  volunteers,
patients with type 2 diabetes mellitus (T2DM), and those with DKD. The single-nucleotide
polymorphism  was  genotyped  using  a  DNA  extraction  kit  and  TaqMan-minor  groove
binder (MGB) probe real-time polymerase chain reaction.

Results:  We  enrolled  574  subjects:  212  healthy  controls,  186  with  T2DM,  and  176  with
DKD. The rs8192678 AA genotype was more frequent in controls than in T2DM or DKD
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groups (P < 0.001). Under additive, dominant, and recessive models, the GG genotype was linked to higher T2DM
risk after age and sex adjustment (P < 0.001), but not to progression from T2DM to DKD. PGC-1α mRNA levels were
also higher in AA carriers than in GG carriers across all groups (P < 0.05).

Conclusion: Our study identifies the G allele of PPARGC1A rs8192678 as a risk factor for T2DM, but its role in DKD
is context-dependent. Although not a risk factor in the general T2DM population, this allele is linked to higher DKD
risk specifically in patients with normal triglyceride levels. This association was driven by the GA and AA genotypes,
not the GG genotype, highlighting the complex interplay between genetics and metabolic state in DKD.

INTRODUCTION
Diabetic kidney disease (DKD) is a common microvascular complication of diabetes mellitus (DM)

[1,2]
.

Approximately 30%-40% of diabetic patients may develop DKD, which is a leading cause of end-stage renal

disease (ESRD) and significantly contributes to the mortality rate in diabetic patients
[3-6]

. With our modern

lifestyle transitioning towards sedentary habits, high-fat, and high-fructose diets, there has been an

increasing prevalence of lipid metabolic disorders
[7]

. Long-term lipid metabolic disorders are also a major

factor leading to the development of DKD
[8]

.

Genetic and environmental factors play crucial roles in the development of DKD
[ 9 ]

. Peroxisome

proliferator-activated receptor γ coactivator 1α (PGC-1α) is regulated by the PPARGC1A gene, and the

expression of PGC-1α can modulate lipid secretion, fatty acid metabolism, and insulin sensitivity
[10]

.

Therefore, the PGC-1α gene is a candidate gene for studying the lipid metabolic disorders in DKD. Genetic

variations in this gene have been identified and are of scientific interest due to their potential influence on

several health conditions. Among these variants, the Gly482Ser polymorphism, also known as rs8192678, is

particularly noteworthy. This variant is characterized by a guanine-to-adenine transition (a G-to-A

nucleotide substitution)
[11]

. This change results in the substitution of the glycine (G) amino acid at position

482 with serine (S) in exon 8. Such alterations in protein structure can potentially affect the function of the

PPARGC1A gene
[11]

. However, findings have been inconsistent, and previous research has found that the

rs8192678 A allele of PPARGC1A may be one of the risk factors for type 2 diabetes mellitus (T2DM)
[12,13]

.

Moreover, a study focusing on the Malaysian population found that rs8192678 is associated with DKD
[14]

.

However, genetic associations can vary substantially across different ethnicities. To date, there has been no

comprehensive study evaluating the role of this polymorphism in the Chinese Han population. Therefore,

this study detects the polymorphism of rs8192678 in Chinese Han healthy volunteers, T2DM, and DKD

patients, and in combination with the messenger RNA (mRNA) expression of PGC-1α, aims to explore its

correlation with T2DM and DKD susceptibility in this specific population.

METHODS
Subjects

This case-control study with a cross-sectional design was conducted from October 15, 2022, to May 15, 2023,

in the Nephrology and Endocrinology departments of Shunyi Hospital, affiliated with Beijing Hospital of

Traditional Chinese Medicine. It encompassed three groups: (1) patients with T2DM who had DKD, (2)

patients with T2DM but without DKD, and (3) healthy volunteers. Individuals aged 18 years and above were

enlisted from both outpatient and inpatient units. At the point of recruitment, pertinent clinical and

biochemical data were gathered, including total cholesterol (TC), triglyceride (TG), low-density lipoprotein
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Table 1. Primer sequences for real-time PCR

Gene primer sequence (5’-3’)

PGC-1α F: TCTGAGTCTGTATGGAGTGACAT R: CCAAGTCGTTCACATCTAGTTCA

β-actin F: AGGCATCCTCACCCTGAAGTA R: CACACGCAGCTCATTGTAGA

PCR: Polymerase chain reaction; PGC-1α: proliferator-activated receptor γ coactivator 1α.

cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). Additionally, 6 mL of

ethylenediaminetetraacetic acid (EDTA)-anticoagulated whole blood was collected from all participants and

stored at -80 °C. The study protocol received approval from the Medical Ethics Committee of Shunyi

Hospital, Beijing Hospital of Traditional Chinese Medicine, Beijing, China (Approval number:

2022SYKY007-01), and written informed consent was obtained from all participants. The study was

registered with the China Clinical Trial Registry Center under the number ChiCTR2200064703. The

diagnosis of T2DM was established according to the World Health Organization 1999 criteria
[15]

 and was

further confirmed by typical clinical features, including onset in adulthood (age > 30 years), absence of

ketonuria or episodes of ketoacidosis at diagnosis, and no history of continuous insulin use within the first

year following diagnosis. Patients with known or suspected type 1 diabetes, maturity-onset diabetes of the

young (MODY), or other specific types of diabetes were excluded from the study. DKD was defined

according to the Kidney Disease: Improving Global Outcomes (KDIGO) 2022 Clinical Practice Guideline for

Diabetes Management in Chronic Kidney Disease
[16]

.

Stratification criteria

For subgroup analyses, participants were stratified based on clinical indices. “Normal” TG was defined as TG

< 1.7 mmol/L, and “abnormal” as TG ≥ 1.7 mmol/L, according to the Chinese guidelines for the prevention

and treatment of dyslipidemia in adults
[17]

. Similarly, “normal” TC was defined as TC < 5.2 mmol/L. The

atherosclerosis index (AI) was calculated as (TC - HDL-C)/HDL-C, with AI < 4 considered “normal” and AI

≥ 4 considered “abnormal”, a threshold commonly used to indicate increased cardiovascular risk
[18]

.

DNA extraction and genotyping analysis

Genomic DNA was extracted from peripheral blood lymphocytes using the FlexGen Blood DNA Kit

(Mei5bio, Beijing, China) according to the manufacturer’s instructions and diluted to 20 ng/μL. Polymerase

chain reaction (PCR) amplification of PGC-1α was performed using a total reaction volume of 25 μL, which

included 12.5 μL of 2 × Taq Master Mix (Thermo Scientific, USA), 50 ng of DNA, and 3 pmol of each probe

(Applied Biosystems, USA). The PCR protocol involved 40 cycles of denaturation at 92 °C for 15 s, annealing

at 60 °C for 60 s, followed by a final extension at 95 °C for 10 min. All primers used in single-nucleotide

polymorphism (SNP) detection were procured from Applied Biosystems. In order to validate the genotyping

accuracy, a selection of PCR products was sequenced using biotechnological methods, and the outcomes

were confirmed through TaqMan genotyping. The primer sequences used for the PCR were rs8192678,

5’-ATCACTAAGTCAACCACCTCAA-3’ (forward) and 5’-CATCACTCCCAGCCCTCTAA-3’(reverse).

RNA extraction and genotyping analysis

In accordance with the manufacturer’s instructions, total RNA was obtained from peripheral blood

lymphocytes using the Whole Blood Total RNA Extraction Kit (Mei5bio, Beijing, China). Reverse

transcription was carried out using the RevertAid First Strand cDNA (complementary DNA) Synthesis Kit

(Mei5bio). Quantitative real-time PCR analysis was performed using the UltraSYBR Mixture (Mei5bio) on

the 7500 Fast Real-Time PCR System (Applied Biosystems, Waltham, MA, USA), with the primer sets

indicated in Table 1. All primers used for PCR analysis were synthesized by Shanghai Jierui Bioengineering

Co., Ltd. (Shanghai, China).



Page 24 Wang et al. J Transl Genet Genom. 2026;10:21-32

Table 2. Clinical characteristics and genotype and allele frequencies of SNP rs8192678 among the Control, T2DM-only, and DKD
groups

Variable
Control group
(N = 212)

T2DM-only group
(N = 186)

DKD group
(N = 176)

Statistical test value P value

Continuous variables

Age (years) 72 (67,74) 61 (54,69) 61 (53,69) H:108.07 < 0.001

Scr (μmol/L) 75.00 (63.00, 86.00) 62.00 (51.25, 72.40) 77.75 (62.25, 120.33) H:73.420 < 0.001

TC (mmol/L) 4.80 (4.12, 5.45) 4.29 (3.53, 5.08) 4.60 (3.63, 5.54) H:18.971 < 0.001

TG (mmol/L) 1.18 (0.80, 1.80) 1.53 (1.07, 2.43) 1.58 (1.11, 2.37) H:29.451 < 0.001

LDL-C (mmol/L) 2.87 (2.35, 3.39) 2.58 (1.96, 3.11) 2.58 (1.88, 3.52) H:13.858 < 0.001

HDL-C (mmol/L) 1.28 (1.11, 1.56) 1.01 (0.84, 1.18) 0.99 (0.82, 1.29) H:90.796 < 0.001

Atherosclerosis index (AI) 2.63 (1.96, 3.46) 3.22 (2.44, 4.20) 3.40 (2.43, 4.49) H:34.468 < 0.001

Categorical variables, n (%)

Men, n (%) 128 (60.4%) 101 (54.3%) 112 (63.6) χ2: 3.399 0.183

Genotype

GG 40 (18.9%) 97 (52.2%) 96 (54.5%)

χ2: 86.957 < 0.001GA 74 (34.9%) 70 (37.6%) 64 (36.4%)

AA 98 (46.2%) 19 (10.2%) 16 (9.1%)

Allele

G 154 (36.3%) 264 (71.0%) 256 (72.7%)
χ2: 139.266 < 0.001

A 270 (63.7%) 108 (29.0%) 96 (27.3%)

Continuous variables are presented as median (interquartile range). P values were derived from Kruskal-Wallis H tests. Categorical variables are
presented as n (%). P values were derived from Chi-square tests (χ2). SNP: Single-nucleotide polymorphism; T2DM: type 2 diabetes mellitus; DKD:
Diabetic kidney disease; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; Scr: serum creatinine; HDL-C:
high-density lipoprotein cholesterol.

Statistical analysis

Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) 22.0 software

(IBM SPSS, Inc., Chicago, IL, USA). Quantitative data were presented as mean ± standard deviation or as

median (interquartile range) for non-normally distributed variables. Categorical data were presented as

frequencies and percentages. Differences in continuous clinical features among the three groups were

analyzed using the Kruskal-Wallis H test, and differences in categorical variables were analyzed using the

Chi-square test. The Hardy-Weinberg equilibrium analysis for the SNP and the genotype and allele

frequencies of the SNP were compared using Chi-square tests. Associations between rs8192678 and

susceptibility to T2DM and susceptibility to DKD within the T2DM population were assessed through three

genetic models (additive, dominant, and recessive) using multivariate logistic regression. Given the variables

available in this dataset, the primary analyses were adjusted for age and gender. We acknowledge that other

important confounders [e.g., body mass index (BMI), blood pressure, hemoglobin A1c (HbA1c)] were not

available for adjustment; this limitation is discussed in detail later. Comparison of quantitative clinical data

among three groups was conducted using one-way analysis of variance, while comparison between two

groups was conducted using Student’s t-test. Categorical data were analyzed by the Chi-square test, with a

threshold of P < 0.05 to determine statistical significance.

RESULTS
Participant characteristics, genotype distributions, and allele frequencies

The participants’ clinical characteristics are summarized in Table 2. Kruskal-Wallis H tests revealed

significant differences among the three groups in age, serum creatinine (Scr), TC, TG, LDL-C, HDL-C, and

the AI (all P < 0.01). Moreover, chi-square tests showed significant differences in genotype distributions and

allele frequencies (all P < 0.001). No significant difference was found only in gender distribution (P = 0.183)

among the groups.
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Table 3. Genotype and allele frequencies of SNP rs8192678 in the Control group and the combined T2DM group

Variable Control group (N = 212) Combined T2DM group (N = 362) Statistical test value P value

Genotype, n (%)

GG 40 (18.9%) 193 (53.3%) χ2 = 86.96 < 0.001

GA 74 (34.9%) 134 (37.0%)

AA 98 (46.2%) 35 (9.7%)

Allele, n (%)

G 154 (36.3%) 520 (71.8%) χ2 = 139.27 < 0.001

A 270 (63.7%) 204 (28.2%)

P values were derived from Chi-square tests (χ2). T2DM: Type 2 diabetes mellitus.

Table 4. Genetic model analyses of the association between rs8192678 and T2DM susceptibility (combined T2DM patients vs.
controls), adjusted for age and sex

Genetic models
Geno
type

Control group
(N = 212)

Combined T2DM group
(N = 362)

Without adjustment With adjustment¶

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

Additive

GG 40 (18.9%) 193 (53.3%) 1# 1#

GA 74 (34.9%) 134 (37.0%)
0.262
(0.194-0.354)

< 0.001
0.265
(0.196-0.358)

< 0.001

AA 98 (46.2%) 35 (9.7%)
0.057
(0.038-0.085)

< 0.001
0.057
(0.038-0.086)

< 0.001

Dominant

GG 40 (18.9%) 193 (53.3%) 1#

< 0.001

1#

< 0.001GA +
AA

172 (81.1%) 169 (46.7%)
0.171
(0.129-0.227)

0.173
(0.130-0.229)

Recessive

GG +
GA

114 (53.8%) 327 (90.3%) 1#

< 0.001

1#

< 0.001

AA 98 (46.2%) 35 (9.7%)
0.116
(0.081-0.168)

0.117
(0.081-0.168)

¶Adjustment for age and gender. #Reference category (odds ratio, 1.0). CI: confidence interval; DKD: diabetic kidney disease; T2DM: type 2 diabetes
mellitus; ORs: odds ratios.

Genotype Distributions and Allele Frequencies between the Control and Combined T2DM Groups.

Table 3 presents the genotype and allele frequencies of SNP rs8192678 in the Control group (N = 212) and

the combined T2DM group (N = 362), which includes both T2DM-only and T2DM with DKD patients.

Chi-square tests revealed significant differences in the genotype distributions and allele frequencies between

the two groups (P < 0.001).

Relationship between PPARGC1A rs8192678 Polymorphism and T2DM susceptibility

We examined the association between the rs8192678 polymorphism and susceptibility to T2DM through

three genetic models (additive, dominant, and recessive) by comparing the combined T2DM group

(including both T2DM-only and T2DM with DKD patients) against the healthy controls. In the dominant

model, carriers of the GG genotype had a significantly higher risk of T2DM than carriers of the A allele (GA

+ AA genotypes). Specifically, the GG genotype was associated with an approximately 5.8-fold increased risk

[odds ratio (OR) = 1/0.171≈5.85; 95% confidence interval (CI): 1/0.227-1/0.129≈4.4-7.8], with P < 0.001. In

the additive model, using GG as the reference, the risk of T2DM was significantly lower for the GA and AA

genotypes (GA vs. GG: OR 0.262, 95%CI 0.194-0.354; AA vs. GG: OR 0.057, 95%CI 0.038-0.085; P < 0.001). In

the recessive model, the OR for AA compared with GG + GA was 0.116 (95%CI 0.081-0.168; P < 0.001). The

results remained unchanged after adjustment for age and sex [Table 4].
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Table 5. Genetic model analyses of the association between the rs8192678 and DKD in T2DM patients with adjustment for age and
gender

Genetic models
Geno
type

T2DM-only group (N = 186) DKD group (N = 176)
Without adjustment With adjustment¶

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

Additive

GG 97 (52.2%) 96 (54.5%) 1# 1#

GA 70 (37.6%) 64 (36.4%)
0.722
(0.386-1.350)

0.307
0.671
(0.341-1.320)

0.247

AA 19 (10.2%) 16 (9.1%)
0.947
(0.496-1.805)

0.868
0.841
(0.419-1.689)

0.626

Dominant

GG 97 (52.2%) 96 (54.5%) 1#

0.065

1#

0.099GA +
AA

89 (47.8%) 80 (45.5%)
0.756
(0.562-1.017)

0.778
(0.577-1.048)

Recessive

GG +
GA

167 (89.8%) 160 (91.9%) 1#

0.474

1#

0.396

AA 19 (10.2%) 16 (9.1%)
0.799
(0.432-1.478)

0.765
(0.412-1.420)

¶Adjustment for age and gender. #Reference category (odds ratio, 1.0). CI: confidence interval; DKD: diabetic kidney disease; T2DM: type 2 diabetes
mellitus; ORs: odds ratios.

Relationship between PPARGC1A rs8192678 polymorphism and DKD incidence in T2DM patients

We examined the association between rs8192678 polymorphism and DKD incidence in T2DM patients

through three genetic models (additive, dominant, and recessive). No statistically significant associations

were observed in any of the genetic models. In the dominant model, the OR for GA + AA compared with GG

was 0.756 (95%CI 0.562-1.017; P = 0.065). In the additive model, using GG as the reference, no significant

risk alteration for DKD was observed for GA (OR 0.722, 95%CI 0.386-1.350; P = 0.307) or AA (OR 0.947,

95%CI 0.496-1.805; P = 0.868) genotypes. Similarly, in the recessive model, the OR for AA compared with

GG + GA was 0.799 (95%CI 0.432-1.478; P = 0.474). The results remained unchanged after adjustment for

age and sex [Table 5].

Relationship between PPARGC1A rs8192678 polymorphism and DKD incidence in T2DM patients
after TG stratification

We further examined the association between rs8192678 polymorphism and DKD incidence in T2DM

patients, stratified by TG levels, through three genetic models.

In the normal TG subgroup, a statistically significant association was observed only in the dominant model.

In this model, carriers of the GA + AA genotypes had a significantly higher risk of DKD compared with GG

genotype carriers (OR 1.598, 95%CI 1.070-2.388; P = 0.022). No significant associations were observed in the

additive model (GA vs. GG: OR 0.740, 95%CI 0.328-1.678; P = 0.471; AA vs. GG: OR 1.106, 95%CI

0.474-2.581; P = 0.815) or in the recessive model (AA vs. GG + GA: OR 0.861, 95%CI 0.385-1.923; P = 0.714).

In the abnormal TG subgroup, no statistically significant associations were observed in any of the three

genetic models (all P > 0.05).

The results for both subgroups remained unchanged after adjustment for age and sex [Table 6].

Baseline clinical features within each genotype group in T2DM and DKD normal TG subgroups

The clinical features stratified by the rs8192678 genotype in the normal TG subgroups are presented in Table

7. In the T2DM-only subgroup, significant differences were observed in TG and LDL-C levels (P < 0.05,

Kruskal-Wallis H test). Post-hoc analysis revealed that AA genotype carriers had significantly lower TG

levels compared with the GG group and lower LDL-C levels compared with the GA group.
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Table 6. Relationship between PPARGC1A rs8192678 polymorphism and DKD incidence in T2DM patients after TG stratification

Genetic models
Geno
type

T2DM-only group DKD group
Without adjustment With adjustment¶

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

Normal TG

Additive

GG
110
(52.1%)

116
(63.0%)

1# 1#

GA
86
(40.8%)

57
(31.0%)

0.740
(0.328-1.678)

0.471
0.919
(0.401-2.104)

0.841

AA
15
(7.1%)

11
(6.0%)

1.106
(0.474-2.581)

0.815
1.318
(0.550-3.158)

0.536

Dominant

GG
110
(52.1%)

116
(63.0%)

1#

0.022

1#

0.042
GA +
AA

101
(47.9%)

68
(37.0%)

1.598
(1.070-2.388)

1.524
(1.016-2.286)

Recessive

GG +
GA

196
(92.9%)

173
(94.0%)

1#

0.714

1#

0.590

AA
15
(7.1%)

11
(6.0%)

0.861
(0.385-1.923)

0.800
(0.356-1.801)

Abnormal TG

Additive

GG
98
(59.8%)

103
(61.3%)

1# 1#

GA
56
(34.1%)

57
(33.9%)

0.715
(0.271-1.887)

0.498
0.589
(0.209-1.662)

0.317

AA
10
(6.1%)

8
(4.7%)

0.772
(0.284-2.100)

0.612
0.604
(0.207-1.855)

0.356

Dominant

GG
98
(59.8%)

103
(61.3%)

1#

0.539

1#

0.588
GA +
AA

66
(41.2%)

65
(38.7%)

0.870
(0.558-1.356)

0.884
(0.566-1.381)

Recessive

GG +
GA

154
(93.9%)

160
(95.3%)

1#

0.528

1#

0.513

AA
10
(6.1%)

8
(4.7%)

0.735
(0.282-1.912)

0.726
(0.278-1.896)

¶Adjustment for age and gender. #Reference category (odds ratio, 1.0). CI: confidence interval; DKD: diabetic kidney disease; T2DM: type 2
diabetes mellitus; ORs: odds ratios; TG: triglyceride.

In the DKD subgroup, genotype was associated with significant differences in TG, TC, LDL-C levels, and sex

distribution. Specifically, the AA genotype was associated with lower TG, TC, and LDL-C levels compared

with the GA genotype, and lower TG levels compared with the GG genotype. Additionally, the AA genotype

group had a significantly higher proportion of males than both the GG and GA groups. The GA genotype

group also showed higher LDL-C levels compared with the GG group.

The relationship between PPARGC1A rs8192678 polymorphism and the incidence of DKD in T2DM
patients after TC stratification

Data were stratified based on normal or abnormal TC levels, and the association of the rs8192678

polymorphism with DKD occurrence in T2DM patients was evaluated using three genetic models (additive,

dominant, and recessive). No statistically significant associations were observed in either the normal TC or

abnormal TC subgroups (all P > 0.05). After adjustment for age and sex, the results remained unchanged

[Supplementary Table 1].

The relationship between PPARGC1A rs8192678 polymorphism and the incidence of DKD in T2DM
patients after AI stratification

Data were stratified based on normal or abnormal AI levels, and the association of the rs8192678

polymorphism with DKD occurrence in T2DM patients was evaluated using three genetic models (additive,
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Table 7. Baseline clinical features within each genotype group in T2DM-only and DKD normal TG subgroups

Variable
T2DM-only normal TG subgroup

P value
DKD normal TG subgroup

P value
GG (N = 110) GA (N=86) AA (N = 15) GG (N = 116) GA (N = 57) AA (N = 11)

Continuous variables

Age (years)
62.1
(56.0, 69.0)

60.3
(53.0, 68.0)

65.3
(59.5, 72.0)

0.271
64.7
(57.0, 73.0)

61.6
(53.0, 71.5)

63.7
(59.0, 69.0)

0.387

TC (mmol/L)
4.15
(3.50, 4.80)

4.10
(3.40, 4.80)

3.63
(2.90, 4.55)

0.485
4.11
(3.40, 4.83)

4.51
(3.50, 5.40)

3.29
(2.70, 3.85)

0.018

TG (mmol/L)
1.20
(0.95, 1.50)

1.14
(0.90, 1.50)

1.01
(0.90, 1.10)

0.045
1.29
(1.10, 1.50)

1.27
(1.00, 1.60)

0.99
(0.80, 1.10)

0.007

LDL-C (mmol/L)
2.54
(2.00, 3.10)

2.37
(1.90, 2.90)

1.91
(1.40, 2.50)

0.038
2.39
(1.80, 3.10)

2.81
(2.00, 3.50)

1.98
(1.40, 2.50)

0.002

HDL-C (mmol/L)
1.07
(0.90, 1.30)

1.13
(0.90, 1.30)

0.97
(0.80, 1.10)

0.209
1.10
(0.90, 1.40)

1.17
(0.90, 1.40)

1.07
(0.90, 1.20)

0.587

Atherosclerosis index (AI)
2.63
(1.80, 3.80)

2.80
(2.00, 3.50)

2.79
(2.20, 3.20)

0.874
3.01
(2.10, 3.90)

3.13
(2.10, 4.20)

2.12
(1.70, 2.50)

0.051

Categorical variables, n
(%)

Men
68
(61.8%)

50
(58.1%)

8
(53.3%)

0.752
76
(65.5%)

34
(63.0%)

9
(81.8%)

0.049

Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables. P values (Global) were derived from
Kruskal-Wallis H tests for continuous variables and Chi-square tests for categorical variables, comparing the three genotypes within each subgroup.
Bold P values indicate statistical significance (P < 0.05). Significant pairwise differences identified by post-hoc tests are described in the results text.
TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.

dominant, and recessive). No statistically significant associations were observed in the abnormal AI (AI ≥ 4)

subgroup (all P > 0.05). In the normal AI (AI < 4) subgroup, although a potential association was suggested

in the dominant model (OR 0.664, 95%CI 0.463-0.953; P = 0.056), it did not reach statistical significance. No

significant associations were found in the additive or recessive models. After adjustment for age and sex, the

results remained unchanged [Supplementary Table 2].

DISCUSSION
Genetic factors are important in the development of DM and DKD

[1,2]
. Our previous studies have revealed

several genomic gene variations related to DKD in the Chinese Han population with diabetes, such as liver X

receptor alpha (LXR-α), ATP-binding cassette transporter A1 (ABCA1)
[19]

, myosin heavy chain 9 (MYH9),

and apolipoprotein L1 (APOL1)
[20]

. To our knowledge, this is the first study to assess the potential link

between PGC-1α expression and rs8192678 polymorphism and DKD susceptibility in the Chinese Han

population.

This study reveals a distinct role of the PPARGC1A rs8192678 polymorphism in T2DM susceptibility versus

DKD progression. We found that the rs8192678 GG genotype frequency was significantly higher in the

combined T2DM group (53.3%) and the DKD group (54.5%) than in the healthy control group (19.6%).

Correspondingly, across additive, dominant, and recessive genetic models, the GG genotype was consistently

associated with a markedly higher risk of developing T2DM (P < 0.001), suggesting that the G allele may be a

significant risk factor for T2DM. This finding contradicts previous studies
[12,13]

 and further provides evidence

for the distinct genetics of T2DM.

However, when analyzing the risk of progressing from T2DM to DKD within the diabetic population, our

results demonstrated no statistically significant association between the rs8192678 polymorphism and DKD

incidence in any genetic model. This indicates that while this polymorphism is strongly associated with the
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susceptibility to T2DM, it does not appear to be a primary driver for the development of DKD among

diabetic patients.

A significant association with DKD risk was observed only under specific conditions. After stratifying T2DM

patients by TG levels, we found that in the normal TG subgroup, carriers of the combined GA and AA

genotypes had a significantly higher risk of DKD compared to GG genotype carriers in the dominant model

(OR 1.598; P = 0.022). This suggests that the effect of this polymorphism on DKD risk may be dependent on

lipid metabolic status. Furthermore, within the DKD normal TG subgroup, the AA genotype was linked with

more favorable lipid profiles, including lower TG and LDL-C levels. This may be related to PGC-1α’s

function as a nuclear receptor agonist that regulates lipid metabolism
[21]

. PGC-1α can upregulate the activity

of liver X receptors (LXRs) and peroxisome proliferator-activated receptors (PPARs)
[21]

. LXRs control

cholesterol reverse transport and intake, regulating cholesterol efflux via ABCA1 and ATP-binding cassette

sub-family G member 1 (ABCG1), thus reversing cholesterol transport
[22]

. LXR activation is generally

thought to slow atherosclerosis progression
[22,23]

. Peroxisome proliferator-activated receptor (PPAR)α
participates in fatty acid oxidation, while PPARγ can increase fatty acid oxidation and oxidative

phosphorylation to accelerate glycerol release
[24,25]

. In patients with non-alcoholic fatty liver disease

(NAFLD), hepatic PGC-1α expression decreases by 40%, leading to insulin resistance, abnormal lipid

accumulation, and mitochondrial dysfunction
[26]

. In diabetic kidneys, PGC-1α mRNA level decreases
[27]

.

Murine studies show that reduced PGC-1α expression in insulin-sensitive tissues decreases glucose tolerance

and insulin sensitivity, supporting the notion that diminished PGC-1α expression could increase DM risk
[28]

.

Human studies have reported decreased PGC-1α mRNA expression in muscle and adipose tissue of DM

patients
[29]

. A noticeable correlation exists between PGC-1α protein levels in adipose tissue and decreased

insulin sensitivity
[30]

. Therefore, any genetic variables affecting PGC-1α expression could potentially

contribute to the development and progression of conditions such as DM and DKD.

This study confirms the high prevalence of the PPARGC1A rs8192678 GG genotype in T2DM and DKD

patients. In contrast, the AA genotype showed no difference in frequency between the T2DM and DKD

groups, accounting for 10.2% and 9.1% of patients, respectively. This is consistent with the findings of Zhang

et al.
[31]

 in Chinese patients with NAFLD and Lin et al.
[32]

 in obese Taiwanese children. The low AA genotype

prevalence and consequent limited sample size may underpower the detection of its influence on DKD.

According to the National Center for Biotechnology Information (NCBI) human SNP database, the A allele

frequency of PPARGC1A rs8192678 is 0.453 in the Han Chinese population, whereas in our study, it was

29.9% and 27.3% in T2DM and DKD patients, respectively. Secondly, the complex biological role of PGC-1α
and the precise mechanisms by which it contributes to DKD development remain to be fully elucidated

[32]
.

Research shows that in NAFLD patients carrying the A allele, PGC-1α expression is significantly reduced
[31]

.

Conversely, our study found that in whole blood from healthy controls, T2DM, and DKD patients, PGC-1α
mRNA levels were significantly higher in AA genotype carriers than in GG carriers. While this appears

contradictory to some prior reports, several mechanisms could explain the observation. The Gly482Ser

(rs8192678) substitution may alter the protein's interaction with transcription factors or other co-regulators,

potentially affecting the transcriptional activity or feedback regulation of the PPARGC1A gene itself, leading

to increased mRNA expression. Alternatively, the A allele might enhance mRNA stability, resulting in higher

steady-state levels. Additionally, tissue-specific (blood vs. muscle/liver) and disease-state (DM/DKD vs.

NAFLD) differences in gene regulation could account for these divergent findings. Individuals with the

PPARGC1A rs8192678 AA genotype appeared to gain greater advantages from weight reduction

interventions, including dietary calorie restriction, bariatric surgery, and acarbose therapy
[33,34]

, similar to our

results.
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Our study has several limitations. First and most critically, as rightly pointed out by the reviewers, key

clinical confounders such as BMI, hypertension status, diabetes duration, and glycemic control (HbA1c)

were not available in our dataset for adjustment in the multivariate analyses. The uneven distribution of

these factors across genotype groups could potentially confound the observed genetic associations. For

instance, if the high-risk GG genotype were also associated with poorer glycemic control or longer diabetes

duration, the estimated genetic effect might be biased. Therefore, our findings, particularly the null

association between rs8192678 and DKD in the overall cohort and the context-dependent association in the

TG-stratified analysis, must be interpreted with caution and require validation in cohorts with

comprehensively phenotyped clinical data. Second, the study has a single-center design and a relatively small

sample size for mRNA expression analysis. Furthermore, our analysis focused on a single SNP; we did not

account for potential gene-gene interactions or the polygenic background that may influence DKD risk.

Future studies incorporating polygenic risk scores or genome-wide interaction analyses are warranted. Due

to the presence and activity of RNases, which make RNA molecules highly unstable, RNA needs rapid

extraction after blood draw. Additionally, given the small number of AA genotype carriers of rs8192678 in

T2DM and DKD patients, the results should be interpreted with caution. Clearly, further validation of these

preliminary findings is necessary.

Conclusions

In conclusion, our findings delineate distinct roles of the PPARGC1A rs8192678 polymorphism in T2DM

susceptibility versus DKD progression. The G allele was identified as a risk factor for developing T2DM but

did not confer an increased risk for DKD in the general T2DM population. A significant association with

DKD risk was observed exclusively in T2DM patients with normal TG levels, in whom the GA and AA

genotypes, rather than the GG genotype, were associated with higher risk. Furthermore, the AA genotype

was linked to elevated PGC-1α mRNA expression in whole blood, contrasting with some previous reports.

These results suggest that the effect of the PPARGC1A rs8192678 polymorphism on DKD pathogenesis is

context-dependent, potentially modulated by lipid metabolic status, and may involve complex mechanisms

beyond a simple reduction in PGC-1α expression. Confirmation of these findings will require additional

studies with larger sample sizes.
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