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Background: Common polymorphisms within the apolipoprotein E (APOE) gene are rs429358 and rs7412, which result in three
major alleles (€2, €3, and €4) and six genotypes (E2/E2, E2/E3, E3/E3, E3/E4, E4/E4, and E2/E4). Although APOFE gene polymorph-
isms have been suggested to be associated with the development of diabetic nephropathy (DN), their potential association remains
unclear in different regions. This study aims to unveil the genetic effects of APOE gene polymorphisms on DN susceptibility and
serum lipid profiles in southern Chinese population.

Methods: A total of 306 DN patients and 483 type 2 diabetic patients as controls were included in the study. The APOE gene
polymorphisms were analyzed by polymerase chain reaction (PCR) microarray gene chip. Relevant medical records and information
of these participants were collected.

Results: There were statistically significant differences (p < 0.05) in gender, SBP, hypertension, hyperuricemia, UTP, TG and HDL-C
between DN patients and controls. DN patients exhibited a higher frequency of the €2 allele and E2/E3 genotype than controls (p <
0.001). Logistic regression analysis indicated that the €2 allele and E2/E3 genotype were independent risk factors (adjusted OR: 3.237,
95% CI: 1.789-5.854, p < 0.001; adjusted OR: 3.453, 95% CI: 1.873-6.368, p < 0.001), while the €3 allele or E3/E3 genotype might
serve as protective role (adjusted OR: 0.395, 95% CI: 0.255-0.612, p < 0.001) for development of DN.

Conclusion: Our study indicates a correlation between APOE polymorphisms and DN in the southern Chinese Hakka population.
Specifically, individuals carrying the APOE &2 allele and E2/E3 genotype are at a higher risk of developing DN. Conversely, those
with the APOE €3 allele and E3/E3 genotype have a lower risk of DN in southern Chinese population.
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Introduction

Diabetic nephropathy (DN) is one of the major complication of type 2 diabetes mellitus (T2DM) and the leading cause of
end-stage renal disease (ESRD) or chronic kidney disease (CKD)." ™ It is estimated that around 40% of individuals with
diabetes will develop DN.> By 2030, the projected incidence of ESRD in the United States is estimated to be between
971,000 and 1,259,000 cases.® In Europe, approximately 50% of new diabetic patients requiring dialysis treatment are
due to DN.7 In China, the prevalence and incidence of DN have also increased dramatically over the past decade,
affecting approximately 150.5 million individuals.® DN is characterized by the presence of mass proteinuria, hyperten-
sion, renal failure, and persistent albuminuria (> 300 mg/24 hours).” Risk factors for DN include race, systemic
hypertension, age, hyperglycemia, male gender, smoking, dyslipidemia and genetic factors.'®'? DN not only leads to
kidney impairment but has also been associated with an increased risk of atrial fibrillation (AF), colorectum cancer, liver

cancer, larynx cancer and mitochondrial dysfunction.'>”!” Diabetic dyslipidemia is characterized by elevated levels of
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triglycerides, LDL-cholesterol, low levels of HDL-cholesterol, and an abundance of small dense LDL particles.'® 2

Although the pathogenesis of DN is complex and not yet fully understood, previous studies have identified a correlation
between DN and various proteins involved in lipid metabolism.?' ** Dyslipidemia contributes to the deposition of lipids
in the kidney, leading to inflammation, lipotoxicity, podocyte dysfunction, and fibrosis, ultimately resulting in the
development of DN.** These lipid alterations or abnormalities in lipoproteins increase the risk of nephropathy in
individuals with diabetes.?>*® Apolipoproteins play a crucial role in lipid metabolism by interacting with plasma lipids
to form lipoproteins, which are soluble lipid-protein complexes. Apolipoprotein E (APOE) is a polymorphic glycoprotein
that plays a key role in dyslipidemia.”’*® APOE accomplishes its lipid metabolism mainly through binding to LDL
receptors and mediating the removal of chylomicron remnants and VLDL from serum. Both VLDL and chylomicron
particles become enriched in APOE as they circulate through the capillaries and are lipolyzed on the surface of
endothelial cells by lipoprotein lipase. This enzyme hydrolyzes triglycerides, releasing fatty acids that serve as energy
sources for cell utilization. In this manner, APOE plays a crucial role in directing the metabolism of both endogenous
triglycerides and VLDL and dietary triglycerides and chylomicrons.*” It accomplishes this by delivering these lipids
either to extrahepatic cells (via VLDL and their remnants) or to the liver (via chylomicron remnants). In the liver, dietary
fatty acids can be metabolized or resecreted as triglycerides with VLDL, while cholesterol is eliminated through the bile.
In this context, APOE exhibits an “endocrine-like” functionality. Additionally, it can redistribute lipids among various
cells within a tissue, thereby fulfilling a “paracrine-like” role in lipid transport and delivery.*

APOE is a protein encoded by the APOE gene. The human APOE gene consists of 3597 nucleotides located on chromosome
19q13.2, which is a 34 kD protein with 4 exons and 3 introns. The APOE gene has three different alleles (€2, €3, €4) which give rise
to six genotypes (E3/E3, E3/E4, E2/E2, E2/E3, E2/E4 and E4/E4).*° These genotypes are determined by two common single
nucleotide polymorphisms (SNPs), namely rs429358 and rs7412. The APOE alleles are associated with specific amino acids at
positions 112 (rs429358) and 158 (rs7412): €2 has cysteine at both positions (cysteine/cysteine), €4 has arginine at both positions
(arginine/arginine), and €3 has cysteine at position 112 and arginine at position 158 (cysteine/arginine), which is considered the
wild type.*'~** Moreover, the APOE alleles are known to be related to lipoprotein metabolism. Compared to the €3 allele, carriers
of the €2 have been associated with lower low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) levels, while 4
carriers have been associated with higher levels of LDL-C, TC and triglycerides (TG).** Studies have shown that the most
common genotype is E3/E3, and the €3 allele is the most frequent allele in most population.**>® In the Hakka population of
southern China, the frequencies of €3 allele, and E3/E3 genotype are approximately 80%, and 65%, respectively.’’ The APOE
polymorphisms have been reported to be associated with DN. Previous studies have demonstrated that the €2 allele is a genetic risk
factor for DN in patients with T2DM.**-*

Studies showed that racial and ethnic differences exist in the prevalence of DN.* However, the relationship between APOE
polymorphisms and DN has yielded inconsistent results.*' Furthermore, there is currently no published information regarding the
association between APOE polymorphism and the risk of DN in southern China. Therefore, the present study was to investigate
the potential role of APOE gene polymorphism in relation to the risk of DN in Hakka ethnic group in southern China. It is
hypothesized that the APOE gene polymorphism may influence the development of DN by affecting the lipid profiles. The
findings of this study may contribute to the identification of genetic factors associated with the development of DN.

Methods

Subjects

A total of 789 patients with T2DM were recruited from the inpatients of Meizhou People’s Hospital (Huangtang
Hospital), from May 2016 to July 2020. The study included 306 patients with diabetic nephropathy (DN) and 483
T2DM patients without nephropathy as controls. Patients with cardiovascular and cerebrovascular diseases, malignant
tumors, benign tumors, type 1 diabetes mellitus (T1DM) and patients under 18 years of age were excluded. The data
collected for the participants included APOE genotyping, age, gender, history of smoking, blood pressure, lipid profile,
alcohol intake, hypertension, hyperuricemia, dyslipidemia, fatty liver and risk factors for DN. Hypertension was defined
as blood pressure SBP/DBP level > 140/90 mmHg or current antihypertensive therapy. Hyperuricemia was defined as the
level of uric acid (UA)>420 mmol/L in men and > 360 mmol/L in women. Dyslipidemia was defined as any one of the
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following conditions of serum lipid profile: serum level of total cholesterol (TC) > 5.5 mmol/L, triglycerides (TG) > 1.7
mmol/L, LDL-cholesterol (LDL-C) > 3.1 mmol/L, and high-density lipoprotein-cholesterol (HDL-C) < 0.88 mmol/L.
The fatty liver diagnosis according to the guideline of the American Association for the Study of Liver Diseases
(AASLD).*> DN was diagnosed by the professional clinician based on clinical manifestations, complications, history,
examinations, imaging, and pathology.*> T2DM was confirmed according to the American Diabetes Association’s 2013
standards.** The main causes of this disease are relatively low insulin secretion and insulin resistance.*>*®

Ethics approval was obtained from the Human Ethics Committee of Meizhou People’s Hospital (NO: 2021-C-111). The study
was in Accordance with the 1975 Declaration of Helsinki. All participants gave written informed consent to participate in the

study.

DNA Extraction and Genotyping

A 2 mL venous blood sample was collected from each participant into an ethylene diamine tetraacetic acid (EDTA) sample tube.
Genomic DNA was extracted from whole blood using a Blood DNA Isolation Kit (Tiangen Biotech, Guangdong, China)
following the manufacturer’s protocol. The quality and concentration of the DNA were assessed using a Nano-Drop 2000
spectrophotometer (ThermoFisher Scientific, Waltham, MA, USA). APOE genotyping was performed using the TagMan probe
fluorescent polymerase chain reaction (PCR) gene chip method. The PCR primer sequences were 5’-GCTTGGC
ACGGCTGTCCAAGGA-3’ (forward primer) and 5’-ATTCGCCCCGGCCTGGTACAC-3’ (reverse primer). Protocol for
PCR was performed as the following program: 50 °C for 2 min, initial denaturation at 95 °C for 15 min, denaturation at 94 °C
for 30s (amplification of 45 cycles), annealing, and extension at 65 °C for 45s. The PCR product was subsequently dispensed into
a specific hybridization reaction chamber. The genotype was detected using an APOE gene chip assay kit (Zhuhai Sinochips
Bioscience Co., Ltd., Guangdong, China) according to the manufacturer’s protocol. For the quality control, blank control, positive
control, and negative control were included in all the APOE gene SNPs that were analyzed and Sanger sequencing was also
randomly performed by duplicate analysis of 10% samples.

Biochemical Measurements

Approximately 3 mL of fasting blood was collected from all participants in the morning after an overnight fast of 8—12 hours. The
serum lipid levels of TC, TG, LDL-C, HDL-C were examined by Olympus AU5400 analyzer (Olympus Corporation, Tokyo,
Japan). The concentration of HbAlc was measured by Premier Hb9210 HbAlc Analytical Column (Trinity Biotech, Wicklow,
Ireland).

Statistical Analysis

The statistical analysis of the data was conducted using SPSS version 22.0 (IBM Inc., State of New York, USA).
Kolmogorov—Smirnov test was examined to evaluate data normality. Continuous variables were presented as median
(interquartile) or means + standard deviation (SD) and analyzed using the Mann—Whitney U-test or Student’s #-test.
Categorical variables were presented as numbers and frequency and analyzed using the Chi-square test or Fisher’s exact
test.*” The Hardy-Weinberg equilibrium of the APOE allele and genotype was assessed using the Chi-square test.
Logistic regression analysis was performed to evaluate the association between APOE genotypes and the risk factors for
DN with the adjusted odds ratio (OR). p < 0.05 was considered statistically significant.

Results

Clinical Characteristics of Participants

The clinical characteristics of all T2DM participants in the study are presented in Table 1. The study included a total of
789 T2DM patients, with 306 individuals in the DN group (181 males and 125 females) and 483 individuals without DN
(247 males and 236 females) serving as controls. The average age of the DN patients was 60.85 = 11.35 years, while the
controls had an average age of 58.83 £12.09 years. The DN group had a higher percentage of hypertension (46.1% vs
26.5%, p < 0.001), and Hyperuricemia (12.7% vs 3.3%, p < 0.001). The levels of SBP, UTP, and TG were significantly
higher in the DN patients (p < 0.05), while the level of HDL-C was lower in the DN group (p < 0.01) compared to the
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Table | Characteristic and Laboratory Features of DN Patients and Controls

Variables Total (N = 789) Control (N = 483) DN (N = 306) p value
Age (Years) 59.61 + 11.84 58.83 + 12.09 60.85 £ 11.35 0.072
Male/Female (%) 428/361 (54.2%/45.8%) | 247/236 (51.1%/48.9%) | 181/125 (59.2%/40.8%) | 0.028
SBP (mmHg) 136 (33) 134 (29) 141 (35.3) < 0.001
DBP (mmHg) 79 (17) 80 (17) 79 (16) 0.966
Smokers (%) 182 (23.1%) 113 (23.4%) 69 (22.5%) 0.783
Drinking (%) 65 (8.2%) 43 (8.9%) 22 (7.2%) 0.394
Hypertension (%) 269 (34.1%) 128 (26.5%) 141 (46.1%) < 0.001
Dyslipidemia (%) 273 (34.6%) 157 (32.5%) 116 (38%) 0.120
Hyperuricemia (%) 55 (7%) 16 (3.3%) 39 (12.7%) < 0.001
Fatty liver (%) 205 (26%) 135 (28%) 70 (22.9%) 0.113
HbAlc (%) 10.4 (3.9) 10.5 (4.1) 10.3 (3.63) 0.670
UTP (g/24h) 0.34 (0.49) 0.21 (0.2) 0.77 (1.05) < 0.001
TG (mmol/L) 1.43 (1.23) 1.39 (1.16) 1.49 (1.56) 0.011
TC (mmol/L) 484 £ .22 485 % |.11 482 £ 1.37 0.722
LDL-C (mmol/L) 2.75 £ 0.83 2.77 £ 0.80 2.72 + 0.88 0.451
HDL-C (mmol/L) 1.17 (0.40) 1.19 (0.41) 1.14 (0.42) 0.002

Notes: Data are presented as median (interquartile range) or mean * standard deviation, numbers (percentage).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; UTP, 24-hour urinary
protein quantity; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol.

control group. Additionally, there were no statistically significant differences in age, DBP, smoking, drinking, dyslipi-
demia, fatty liver, HbAlc, TC, and LDL-C between the two groups.

Distribution of APOE Genotype and Allele Frequencies

The distributions of APOE genotypes and alleles in the DN and control group are listed in Table 2. The genotype and
allele distribution of DN group and control group were consistent with the Hardy-Weinberg equilibrium (x> = 0.555, p =
0.968 and x> = 7.964, p = 0.093, respectively). In this study, the percentages of APOE E2/E2, E2/E3, E2/E4, E3/E3, E3/
E4, and E4/E4 genotype were 0.89%, 11.16%, 2.03%, 70.34%, 14.20%, and 0.89% in all subjects, respectively. The €3
allele exhibited the highest frequency, with the E3/E3 genotype being the most prevalent in our study population.
Compared to the control group, the frequency of E3/E3 (63.07% vs 74.95%, p < 0.001) and €3 (79.25% vs 85.82%, p =
0.001) were significantly decreased in the DN group, while those of the E2/E3 (19.28% vs 6.83%, p < 0.001) and €2
(12.25% vs 4.87%, p < 0.001) were significantly increased in the DN group. Moreover, there were no statistically

Table 2 Genotype Distributions and Allele Frequencies in DN Patients and Controls

Variables Total Control (N = 483) | DN (N = 306) p value
Genotype

E2/E2 7 (0.89%) 3 (0.62%) 4 (1.31%) 0.541
E2/E3 92 (11.66%) 33 (6.83%) 59 (19.28%) < 0.001
E2/E4 16 (2.03%) 8 (1.66%) 8 (2.61%) 0.352
E3/E3 555 (70.34%) 362 (74.95%) 193 (63.07%) < 0.001
E3/E4 112 (14.20%) 72 (14.91%) 40 (13.07%) 0.472
E4/E4 7 (0.89%) 5 (1.04%) 2 (0.65%) 0.642
Allele

€2 122 (7.73%) 47 (4.87%) 75 (12.25%) < 0.00!
€3 1314 (83.27%) 829 (85.82%) 485 (79.25%) 0.001
4 142 (9.00%) 90 (9.32%) 52 (8.50%) 0.579
HWE X?=4811,p=0307 | X>=7964,p=0093 | X*=0.555, p=0.968

Notes: Data are presented as numbers (percentage), HWE: Hardy—Weinberg equilibrium.
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significant differences in the other genotypes (E2/E2, E2/E4, E3/E4, and E4/E4) or the €4 allele of the APOE gene
between the DN patients and the controls (all p > 0.05) (Table 2).

Relationships Between APOE Allele and Serum Lipid Profiles

The differences in serum lipid profile levels associated with the APOE alleles (€2, €3 and €4) and DN were presented in Table 3.
Patients carrying the E2/E4 genotype (n = 16) were excluded due to the opposing roles in lipid metabolism by €2 and &4 alleles.*®
The subjects were divided into three subgroups: €2 (E2/E2 and E2/E3), €3 (E3/E3) and &4 (E3/E4 and E4/E4). The results showed
that the serum TG levels were higher in the €2 carrier DN group compared to the €2 carrier control group (p < 0.001) and there
was a lower level of HDL-C (p <0.001). Similarly, the €3 carrier DN patients exhibited higher TG levels (p < 0.01). Additionally,
the TC, TG, LDL-C and HDL-C concentrations in the €4 carrier control participants showed a trend towards higher levels
compared to the DN group (all p > 0.05). We also analyzed the HbAlc and UTP between DN patients and controls in different
subgroups. It was observed that DN patients presented significantly higher level of UTP (p < 0.001) in all subgroups.

Logistic Regression Analysis of the Risk of DN

Logistic regression analysis was used to evaluate the predicting value of APOE genotype and allele for DN. Adjusting
the traditional factors including gender, SBP, hypertension, hyperuricemia, TG, HDL-C, and UTP. The results indicated
that E2/E3 genotype and €2 allele were risk factors for DN (adjusted OR: 3.453, 95% CI: 1.873-6.368, p < 0.001;
adjusted OR: 3.237, 95% CI: 1.789-5.854, p < 0.001, respectively), whereas the E3/E3 genotype and €3 allele were
protective factors for DN (adjusted OR: 0.395, 95% CI: 0.255-0.612, p < 0.001; adjusted OR: 0.395, 95% CI: 0.255—
0.612, p < 0.001, respectively) (Table 4). Previous clinical studies investigating the relationship between APOE gene
polymorphisms and DN are summarized in Table 5. The association between APOE gene polymorphisms and DN varied

Table 3 Relationship Between Serum Lipid-Lipoprotein Levels and ApoE Phenotype in DN Patients and Controls

Variable £2 (E2/E2 + E2/E3) &3 (E3/E3) 4 (E3/E4 + E4/E4)
Control (N =36) | DN (N = 63) | Control (N =362) | DN (N = 193) | Control (N =77) | DN (N = 42)
HbAlc (%) 1031 £2.72 1027 £270 | 10.60 + 2.76 10.54 + 2.63 10.38 + 2.67 10.39 + 2.42
UTP (g/24h) 033 %021 113 £ 111 | 027 + 021 132 £ 1235 | 024 +0.16 0.76 + 058"
TG (mmol/L) 111 +037 214 £ 154 | 173 + 1.00 207 + 1519 | 184+ LI 1.69 + 1.30
TC (mmol/L) 435+ 1.09 478+ 150 | 492+ 113 496 + 135 4.83 + 1.00 438+ 1.18
LDL-C (mmol/L) | 2.26 + 0.88 257092 | 281 £0.79 283 +0.88 281 £ 0.75 254 + 0.8
HDL-C (mmol/L) | 1.40 + 0.32 113 £033% | 122+ 03I 118 + 0.40 118 £ 0.36 1.09 + 0.33

Notes: *p<0.01, ***p<0.001: Comparison with Control in the same allele group.
Abbreviations: HbAlc, glycated hemoglobin; UTP, 24-hour urinary protein quantity; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol.

Table 4 Logistic Regression Analysis of Risk Factors for DN

Genotype/Allele Adjusted OR 95% CI p value
E2/E2 1.221 0.129-11.556 0.862
E2/E3 3.453 1.873-6.368 < 0.001
E2/E4 2.264 0.587-8.734 0.236
E3/E3 0.395 0.255-0.612 < 0.001
E3/E4 1.641 0.946-2.849 0.078
E4/E4 0.171 0.014-2.061 0.164

€2 3.237 1.789-5.854 < 0.001
€3 0.395 0.255-0.612 < 0.001
&4 1.434 0.834-2.465 0.192

Note: SBP, hypertension, hyperuricemia, TG, HDL-C, and UTP.
Abbreviations: Adjusted OR, adjusting the traditional factors including gender.
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Table 5 Studies of ApoE Polymorphism on DN in Humans

type 2 diabetes

Authors Region Studies Characteristics Genotype/Allele Outcome
Frequencies

Jiang et al*® Beijing, China 845 diabetic patients: DN group 1€2, E2/E2, E2/E3 DN risk
(n = 429) and control group (n = 416) le4, E3/E4, E4/E4

I'lhan et al®* Elazig, Turkey Prospective study: 37 patients with DN, | te4 Prognostic risk of DN
71 patients with type 2 diabetes, 46
healthy subjects

Karimoei et al®® Tehran, Iran 99 patients with DN, 98 patients with le4 Protective against DN

Yin et al*? Chinese Han population, Meta-analysis: 1517 DN cases and 1014 | 1€2, &4, E2/E2, E2/E3, E3/E4 | DN risk
China controls 1€3, E3/E3

Erdogan et al®® Izmir, Turkey 46 patients with DN, 56 patients with Not association /
type 2 diabetes, 36 healthy individuals

Eto et al®® Chugoku and Kyushu, Japan | Prospective study:|58 patients with 1€2 DN risk
type 2 diabetes le4

Reis et al*? Ankara, Turkey I'11 patients with DN, 108 patients with | 1E2/E3 DN risk
type 2 diabetes, 106 healthy control
subjects

Atta et al™* Beni-Suef, Egypt 135 individuals divided into three 1€2, E2/E3 DN risk
groups; 45 diabetics with nephropathy
(T2DMN) and 45 diabetics without
nephropathy (T2DM) and 45 subjects
served as healthy controls

Present study Guangdong, China 789 diabetic patients: DN group 1€2, E2/E3 DN risk
(n = 306) and control group (n = 483) le3, E3/E3

Notes: frepresents an increased allele frequency in DN patients; |represents a decreased allele frequency in DN patients.

across different regions. In the present study, we observed that the APOE E2/E3 genotype and €2 allele served as
independent risk factors for DN, while the E3/E3 genotype and €3 allele acted as protective factors in the development of
DN among the southern Chinese population.

Discussion

DN is a major complication of T2DM.**° Accompanied with the global rise in prevalence of T2DM, DN has now
become the most common cause of ESRD.? Dyslipidemia has been associated with an increased risk of DN. APOE gene
polymorphism has been related to the serum lipid levels.”' Previous studies have investigated the relationship between
APOE gene polymorphism and DN in diverse populations. In the present study, we identified the relationship between
APOE gene polymorphism and DN, as well as their impact on serum lipid profiles in southern Chinese population. Our
study revealed that E2/E3 genotype and €2 allele were independent risk factors for DN, while the E3/E3 genotype and €3
allele were protective factors, consistent with the previous research.*®**>* APOE gene polymorphism significantly
influenced serum lipid profiles in DN patients.

APOE is a crucial plasma protein primarily synthesized, secreted, and metabolized by the liver, and it was synthesized
in many other organs, including adrenal gland and kidney. Interestingly, APOE expression in kidney cortex is relatively
greater amounts than that in kidney medulla.’>~° It is involved in regulating lipid metabolism, transport and storage.*”
APOE gene has two single nucleotide polymorphisms (SNPs) rs7412 (Arg158Cys) and rs429358 (Cys112Arg), resulting
in three alleles and six genotypes. Studies have demonstrated that individuals carrying the €2 allele have lower levels of
TC and LDL-C, while those carrying the €4 allele exhibit the opposite effect due to its affinity with the LDL receptor.>’
Previous studies have reported that the APOE gene is a genetic risk factor for Alzheimer’s disease (AD), atherosclerosis
(AS), hypertension, T2DM, cancer, nonalcoholic fatty liver disease (NAFLD), cardiovascular and cerebrovascular
disease.*’% % APOE gene polymorphism also has been associated with DN.*> However, the exact impact of APOE
polymorphisms on the risk of DN is yet to be fully established. The relationship between APOE gene polymorphism and
DN varies among different populations and regions. For instance, a case-control study including 429 DN patients and 416
diabetic patients as controls conducted by Jiang et al in the Beijing China population reported that the APOE €2 allele
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was a risk factor for DN, while the &4 allele exhibited a protective role.*® In Turkey population, the APOE ¢4 allele was
identified as a prognostic risk factor in the development of DN.®* Similarly, a study in Iran involving 99 DN patients and
98 patients with type 2 diabetes suggested that the APOE &4 allele might have a protective against the development of
DN.®> A meta-analysis of 29 studies, including 1517 DN cases and 1014 controls from the Chinese Han population,
revealed that the APOE €2, €4, E2/E2, E2/E3, and E3/E4 were associated with a increased risk of DN, while the €3 allele
and E3/E3 genotype were associated with a decreased risk of DN.?*> However, a study conducted in Turkey involving 46
DN patients, 56 T2DM patients, and 36 healthy controls showed no significant association between APOE gene
polymorphism and DN.®® Additional studies investigating the relationship of between APOE polymorphisms and DN
were shown in Table 5. In our present study, after adjusting for gender, SBP, hypertension, hyperuricemia, TG, HDL-C,
and UTP, logistic regression analysis showed that the APOE €2 allele and E2/E3 genotype increased the risk of DN by
3.237 times and 3.453 times (all p < 0.001), respectively. Conversely, the €3 allele or E3/E3 genotype appeared to
decrease the risk of DN by 0.395 times (all p < 0.001).

DN is associated with the lipid profiles characterized by elevated TG, LDL-C, very low density lipoprotein
cholesterol (VLDLC), intermediate-density lipoprotein cholesterol, but lower level of HDL-C.®” These abnormalities
in lipid metabolism often accompany renal disease and play a crucial role in the pathogenesis and progression of renal
injury. Animal studies have shown that rats fed with high-fat diet has shown the development of focal
glomerulosclerosis.®® Focal glomerulosclerosis, related albuminuria, and diabetic glomerulopathy are the main manifes-
tations of DN.® Numerous animal studies also have demonstrated that hyperlipidemia has a damaging effect on the
tubulointerstitium, which is also a major feature of DN and one of the important predictors of renal dysfunction.”®”" The
serum lipids can induce both tubulointerstitial and glomerular injury through various mediators such as chemokines,
cytokines, reactive oxygen species, and hemodynamic changes.”?> DN patients often exhibit a more atherogenic lipid
profile compared to healthy controls or diabetics without nephropathy.”* In this study, the comparison of the serum lipid
profile levels between APOE &2 allele, €3 allele, and €4 allele in the controls and DN patients were analyzed. We found
that the TG levels were higher in €2 DN patients compared to controls (p < 0.001). HDL-C level in €2 DN patients was
lower than those in controls (p < 0.001). Additionally, DN patients exhibited significantly higher UTP level in all of
subgroups (p < 0.001).

This case-control study has certain limitations. Firstly, this study was conducted in a single medical institution of
Meizhou, southern China, which may introduce a certain degree of selection bias. Secondly, the sample size of the study
is relatively small, which could potentially lead to some deviations in the results. Thirdly, the findings of other
populations need to be further investigated. In the future, more researches, larger samples, more other genes, and
APOE gene polymorphism will be required to analyze this relationship.

Conclusions

The present study showed APOE €2 allele and E2/E3 genotype act as independent risk factors, while the €3 allele and E3/
E3 genotype serve as protective factors in the development of DN among the southern Chinese Hakka population. The
results may facilitate the development of individualized practical strategies in the management of DN in the studied
population.
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