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Diabetic nephropathy (DN) is a highly prevalent microvascular complication of diabetes mellitus and represents the
leading cause of end-stage renal disease (ESRD) [1]. Guo Kelei et al. [2] reported that approximately 30%-40% of
patients with diabetes develop DN, and about 30.0% of these patients progress to ESRD within 10 years after diag-
nosis, requiring dialysis or kidney transplantation to sustain life. Although current therapeutic strategies can delay
disease progression, a large proportion of patients continue to experience progressive deterioration of renal function.
Therefore, exploring the pathogenic mechanisms of DN and identifying novel therapeutic targets have become major
research priorities. Previous studies [3] have shown that hyperglycemia-induced mitochondrial dysfunction is a cen-
tral mechanism in the progression of DN. Under DN conditions, renal cells require large amounts of ATP to counteract
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glucotoxicity, leading to prolonged mitochondrial overload, abnormal mitochondrial morphology, functional impair-
ment, and defects in autophagic clearance. PINK1, a protein kinase expressed in various tissues—particularly in
energy-demanding organs such as the brain and muscles—is primarily localized to the outer mitochondrial membrane.
Although its precise biological functions have not been fully elucidated, it is hypothesized that PINK1 plays a pro-
tective role in maintaining mitochondrial integrity under conditions of cellular stress and excessive energy demand.
Given the critical role of mitochondria in diabetic nephropathy, further investigation into the expression and clinical
significance of PINK1 is warranted [4]. This study aimed to explore changes in PINK1 expression in patients with
diabetic nephropathy and its relationship with serum factors, and the findings are reported as follows.

1. Materials and Methods

1.1 General Information

A total of 90 patients with diabetic nephropathy (DN) treated at our hospital between November 2023 and February
2025 were randomly divided into three groups according to different treatment regimens. There were no statistically
significant differences in baseline characteristics among the three groups (P > 0.05), as shown in Table 1.

Table 1. Comparison of baseline characteristics among the three groups

History of
Gow o e g Dwimolddas DNl
sumption
(Yes/No)
Obf;gvua;"“ 30 18/12 22.2542.51 59.78+5.61 9.84+0.95 7123 13/17
Control group 1~ 30 21/9 22.2942.56 60.69+5.69 9.88+0.99 9/21 10/20
Control group2 30 19/11 22.2740.53 58.52+5.54 9.8120.91 10/20 14/16
LIF / 0.679 0.003 1.130 0.041 0.757 1.193
P value / 0.712 0.997 0.328 0.960 0.685 0.551

1.2 Inclusion and Exclusion Criteria

1.2.1 Inclusion criteria

(1) Patients meeting the diagnostic criteria for type 2 diabetes mellitus according to the Guidelines for the Integrated
Traditional Chinese and Western Medicine Diagnosis and Treatment of Type 2 Diabetes [5];

(2) Age between 25 and 70 years, with a diabetes duration of >5 years;

(3) Diagnosis of diabetic nephropathy in accordance with the Chinese Consensus on Clinical Management of Diabe-
tes Mellitus Complicated with Chronic Kidney Disease [6], with DN stages [-IV.

1.2.2 Exclusion criteria

(1) Patients with severe diseases within the previous 6 months, such as cerebrovascular accidents or myocardial
infarction;

(2) Use of metformin, angiotensin II receptor blockers (ARB), or angiotensin-converting enzyme inhibitors (ACEI)
within 1 month prior to enrollment;

(3) Patients with stage V diabetic nephropathy or a history of primary or secondary renal diseases;

(4) Patients complicated with urinary tract infections, autoimmune diseases, or malignant tumors.

1.3 Methods
1.3.1 Treatment protocols

1.3.1.1 Control group 1

Patients were treated with telmisartan. Telmisartan tablets (Beijing Fu Yuan Pharmaceutical Co., Ltd.; National Drug
Approval No. H20050996; specification: 40 mg) were administered at a dose of 80 mg once daily, taken orally with
water before or after meals. For patients whose blood pressure was inadequately controlled with telmisartan 80 mg,
telmisartan/hydrochlorothiazide tablets (Heilongjiang Furutang Pharmaceutical Co., Ltd.; National Drug Approval
No. H201101157; each tablet containing telmisartan 40 mg and hydrochlorothiazide 12.5 mg) were administered at
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a dose of 80/12.5 mg once daily. Renal function was closely monitored during treatment. For patients with mild to
moderate hepatic impairment, the dose did not exceed 40/12.5 mg once daily.

1.3.1.2 Control group 2

Patients received metformin hydrochloride therapy. Treatment was initiated at a low dose and gradually increased
according to the patient’s condition. The initial dose was metformin hydrochloride (Shanghai Xinyi Tianping Phar-
maceutical Co., Ltd.; National Drug Approval No. H31020246; specification: 0.25 g) at 0.5 g twice daily, or 0.85 g
once daily taken with meals. The dose could be increased by 0.85 g every two weeks or by 0.5 g per treatment cycle,
gradually reaching a total daily dose of 2.0 g in divided doses. The maximum recommended daily dose for adults is
2550 mg. For patients requiring strict glycemic control, 0.85 g could be administered three times daily. To improve
tolerability, doses >2.0 g/day were recommended to be taken in divided doses with meals.

1.3.1.3 Observation group

Patients received combined treatment with metformin hydrochloride and telmisartan. The dosage and treatment du-
ration were the same as those used in control group 1 and control group 2. Treatment efficacy was evaluated after 3
months of therapy in all three groups.

1.3.2 Detection methods

Before and after intervention, PINK1 levels were measured using a PINK1 detection kit. Reactive oxygen species
(ROS) levels were determined using biochemical assay kits. Levels of interleukin-2 (IL-2), interleukin-6 (IL-6), and
tumor necrosis factor-a (TNF-a) were measured by chemiluminescence methods. Urinary albumin and serum creat-
inine were measured by. A fully automatic biochemical analyzer; calculate the urinary albumin/creatinine ratio
(UACR) and the estimated glomerular filtration rate (¢GFR) [8].

1.4 Statistical Analysis

Statistical analyses were performed using SPSS version 28.0. Categorical variables, including sex, DN stage, and
history of smoking and alcohol consumption, were analyzed using the y? test and expressed as n (%). Continuous
variables, including age, body mass index, PINK1, ROS, and inflammatory factors, were normally distributed and
analyzed using the t-test, and are expressed as mean + standard deviation. Pearson correlation analysis was used to
evaluate the relationships between PINK1 levels and serum factors, as well as clinical indicators in DN patients. A P
value < 0.05 was considered statistically significant.

2. Results
2.1 Comparison of PINK1, ROS, and Serum Factors among the Three Groups

After intervention, levels of reactive oxygen species (ROS), interleukin-6 (IL-6), and tumor necrosis factor-o. (TNF-
o) were significantly decreased, while PINK1 and interleukin-2 (IL-2) levels were increased in all three groups. The
observation group showed significantly higher PINK1 mRNA and IL-2 levels than control group 1 and control group
2 (P <0.05), while ROS, IL-6, and TNF-a. levels were significantly lower (P < 0.05). In addition, PINK1 mRNA and
IL-2 levels in control group 1 were significantly higher than those in control group 2 (P < 0.05), whereas ROS, IL-6,
and TNF-a levels were significantly lower than those in control group 2 (P < 0.05). The results are shown in Table 2.

Table 2. Comparison of PINK1, ROS, and Serum Factors among the Three Groups (mean + SD)

PNIK | mRNA ROS (U/L) IL-2 (ng/L)
Group n
Before After Before After Before After
i . 252.58+16.72#" *
Obsgerro‘ﬁ‘;m 30 0784026  1.63£0.13"°  345.19+43.61 s16.7 6.54+1.41  9.7842.31#"
Control group 1 30 0.824+0.29 1.34+0.18% 347.64+44.83  276.73+19.65" 6.59+1.46 9.31£1.97*"
Control group 2 30 0.80+0.28 1.12+0.22% 343.65+42.98  297.39+23.63* 6.51+1.38 8.89+1.62
t / 0.156 60.276 0.063 36.983 0.024 152.832
P value / 0.855 0.000 0.939 0.000 0.976 0.000

Notes: Compared with baseline within the same group, “P < 0.05; compared with control group 2, *P < 0.05; compared with control group 1, AP < 0.05.
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Table 2 Continued
IL-6 (pg/mL) TNF-a (ng/L)
Group n
Before After Before After
Observation group 30 8.43+2.31 5.72+1.05% 10.16+5.64 6.4142.53#
Control group 1 30 8.55+2.36 6.13+£1.24% 10.19+5.61 7.394£3.71%
Control group 2 30 8.07+2.34 7.26+1.75" 9.98+5.58 7.67+4.06"
t / 0.002 50.126 0.003 258.651
P value / 0.998 0.000 0.997 0.000

Notes: Compared with baseline within the same group, *P < 0.05; compared with control group 2, *P < 0.05; compared with control group 1, AP < 0.05.
2.2 Comparison of Renal Function Among the Three Groups

The renal function of the three groups was improved after intervention; the serum creatinine and UACR in the obser-
vation group were lower than those in control group 1 and control group 2 (P<0.05); the eGFR was higher than that
in control group 1 and control group 2 (P<0.05); the serum creatinine and UACR in control group 1 were lower than
those in control group 2 (P<0.05); the eGFR was higher than that in control group 2 (P<0.05). The results are pre-
sented in Table 3.

Table 3. Comparison of renal function among the three groups

Serum creatinine (umol/L) UACR (mg/g) e¢GFR (mL/(min-173m2))
Number Before
Group of cases inter- After the inter- Before inter-  After the interven-  Before inter-  After the interven-
ven- vention vention tion vention tion
tion
observa- 30 137.56 118.41£10.624%a 310.61£2.16 235.12¢1.21#a 50.45+4.59 60.71£6.424%2
tion group +19.62 R T
Control 139.41 124.51£12.41#* 24881 45H* 57.64£5.71#*
Group 1 30 12031 297.65+2.19 49.18+4.45
Control 136.72 129.8713.53# 27351.64# 54.93+4.86#
Group 2 30 41943 304.58+2.14 51..32+4.48
t / 0.145 6.578 0.008 34.503 0.027 3.309
P / 0.865 0.000 0.992 0.000 0.973 0.041

Notes: Compared with baseline within the same group, “P < 0.05; compared with control group 2, *P < 0.05; compared with control group 1, AP < 0.05.
2.3 Relationship between PINK1 and Serum Factors in DN Patients

Pearson correlation analysis showed that PINK1 levels in patients with diabetic nephropathy were positively corre-
lated with IL-2 (P < 0.05) and negatively correlated with ROS, IL-6, and TNF-a (P < 0.05). The results are presented
in Table 4.

Table 4. Correlation between PINK1 and Serum Factors in DN Patients (r, P)

Correlation ROS IL-2 IL-6 TNF-a
r -0.436 0.504 -0.452 -0.353
P value 0.028 0.019 0.025 0.031

3. Discussion

The progression of diabetic nephropathy (DN) is closely associated with hyperglycemia-induced mitochondrial dys-
function. As a key regulatory protein, PINK1 plays an important role in mitochondrial autophagy. Clinically, changes
in PINK1 expression can be used to analyze and identify the central role of mitochondrial autophagy in the patho-
genesis of DN [7]. In the present study, levels of ROS, IL-6, and TNF-a were reduced, while PINK1 and IL-2 levels
were increased after intervention in all three groups. Compared with the other two groups, the observation group
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showed significantly higher PINK1 mRNA and IL-2 levels (P < 0.05), as well as significantly lower ROS, IL-6, and
TNF-a levels (P < 0.05). These findings indicate that effective therapeutic intervention in DN patients can increase
PINK1 expression, attenuate inflammatory responses, and provide a basis for evaluating treatment prognosis.

The underlying mechanisms may be explained as follows. Metformin, as a commonly used antidiabetic drug, can
be administered either alone or in combination with other agents. In patients with type 2 diabetes mellitus—particu-
larly those with hyperinsulinemia or obesity—metformin effectively lowers blood glucose levels when dietary control
alone is insufficient, reduces the adverse effects of hyperinsulinemia, and contributes to weight reduction. Telmisartan,
a highly selective angiotensin II receptor blocker, is associated with relatively few adverse effects and is considered
a first-line agent for the treatment of DN. Clinical evidence indicates that telmisartan provides effective blood pres-
sure control and exerts renoprotective effects, thereby improving renal function in DN patients [8].

In this study, Pearson correlation analysis demonstrated that PINK1 levels in DN patients were positively corre-
lated with IL-2 (P < 0.05) and negatively correlated with ROS, serum creatinine, UACR, IL-6, and TNF-a (P < 0.05).
These results suggest that PINK1 levels increase markedly after treatment and are closely associated with oxidative
stress and inflammatory serum factors. Therefore, enhanced monitoring of PINK1 expression may assist in guiding
clinical diagnosis and treatment and in predicting patient prognosis.

In summary, combined treatment with metformin hydrochloride and telmisartan in patients with diabetic nephrop-
athy contributes to increased levels of PINK1 and IL-2 and decreased levels of ROS, IL-6, and TNF-a, improves
renal function level, with significant correlations observed between PINK1 and serum factors. The PINK1-ROS—
eGFR signaling pathway plays an important role in the occurrence and progression of diabetic nephropathy, and
PINK1 may serve as a potential biomarker for the diagnosis and staging of diabetic nephropathy.
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