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Abstract: Immunoglobulin A nephropathy (IgAN) is among the most common primary glomerular diseases. The prog-
nosis in IgAN is affected by dyslipidemia, a risk factor for cardiovascular disease. The c-Maf inducing protein (CMIP) 
gene has been found to be associated with lipid metabolism. But the association between the CMIP rs16955379 
single nucleotide polymorphism (SNP) and dyslipidemia or the related clinicopathological features in IgAN have not 
been reported thus far. The present study investigated the correlation between them. The CMIP rs16955379 SNP 
genotypes of 300 subjects with IgAN recruited from the First Affiliated Hospital of Guangxi Medical University were 
identified by polymerase chain reaction and direct sequencing. Compared with the control (normal lipid) group, the 
dyslipidemia group with IgAN had higher blood uric acid, serum creatinine, blood urea nitrogen and urinary protein 
quantity, higher proportions of mesangial cell proliferation and renal tubular atrophy/interstitial fibrosis (IFTA), and 
a lower estimated glomerular filtration rate and serum albumin. The frequencies of the CMIP rs16955379 SNP TT 
genotype and T allele in the dyslipidemia group were higher than in the control group. Triglyceride, apolipoprotein A1 
(ApoA1), ApoA1/B, incidences of mesangial cell proliferation, and IFTA were higher in TT genotype carriers than in 
CC/CT genotype carriers. Serum lipid profiles and dyslipidemia were significantly associated with renal dysfunction 
and IFTA. IgAN patients with the TT genotype were more likely to have dyslipidemia, renal dysfunction and IFTA (P 
< 0.05 for all above). These results indicate that CMIP rs16955379 SNP may be a genetic susceptibility gene for 
dyslipidemia and poor renal outcome in IgAN.
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Introduction

Immunoglobulin A nephropathy (IgAN) is one of 
the most common primary glomerular diseases 
in the world [1, 2]. In China, IgAN accounts for 
30 to 40 percent of primary glomerular diseas-
es, and about a third of untreated patients 
eventually progress to end-stage renal disease 
(ESRD) [3]. A 30-year study of 1,012 patients at 
a single center in Japan showed that IgAN is not 
a benign disease, with about 50% of patients 
progressing to ESRD within 30 years despite 
treatment [4]. The life expectancy of patients 
with a clear diagnosis of IgAN was reduced by 
10.1 years compared with the general popula-
tion [5]. IgAN has become a worldwide public 
health issue that threatens human health due 

to its high prevalence, disability rate, morbidity, 
impact on quality of life, poor prognosis, cost of 
care, and medical resource utilization. The high 
cost of treatment and burden on public health 
care resources is particularly problematic. IgAN 
is a complex disease that involves multiple 
genes and factors; its pathogenesis is not yet 
fully understood. There is much evidence that 
IgAN is a disease with ethnic, geographic, and 
familial variations [6-8]. Gene polymorphism is 
an important factor affecting the morbidity and 
progression of IgAN.

IgAN is often accompanied by abnormal lipid 
metabolism [9], which is a risk factor for cardio-
vascular events and affects the progress and 
prognosis of patients. Hyperlipidemia is one of 
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the most common types of dyslipidemia in IgAN 
and can cause glomerular sclerosis and renal 
tubular fibrosis, which increase the risk of pro-
gression in renal dysfunction [10, 11].

In recent years, genome-wide association stud-
ies (GWAS) have identified more than 100 sites 
associated with dyslipidemia [12]. Although 
previous studies have shown that CMIP poly-
morphisms are associated with serum lipid lev-
els, the relationship between CMIP polymor-
phisms and dyslipidemia in IgAN has largely 
remained unknown. The purpose of this study 
was to research the correlation between CMIP 
rs16955379 and dyslipidemia or other clinico-
pathological features in IgAN, so as to identify a 
potential predictor of prognosis and judge the 
effectiveness of gene-targeted therapy for IgAN 
patients with dyslipidemia.

Materials and methods

Subjects

All subjects were patients treated in the De- 
partment of Nephrology at the First Affiliated 
Hospital of Guangxi Medical University between 
August 2014 and December 2017, who were 
diagnosed with IgAN by ultrasound-guided per-
cutaneous renal biopsy. Patients were exclud-
ed from the study if they had IgAN secondary  
to systemic diseases such as hepatitis B, aller-
gic purpura, systemic lupus erythematosus, cir-
rhosis, rheumatoid arthritis, tumors or multiple 
myelomas; comorbid severe primary diseas- 
es, organic diseases or mental illness; a recent 

subjects, all of whom signed consent forms 
after the purpose of the survey was explained 
to them. Trained medical personnel interviewed 
the participants to obtain general information, 
such as name, gender, age, smoking, drinking, 
and medical history (e.g., disease complica-
tions such as diabetes, hypertension, hyperlip-
idemia, and medication history).

Collection of specimens

Fasting venous blood samples (5 mL) were 
obtained from all participants and were used 
for the evaluation of liver and kidney function, 
the measurement of blood lipid levels and other 
biochemical indicators, and the extraction of 
genomic DNA. The blood samples that were 
used to detect biochemical indices in serum 
were immediately cryopreserved at -80°C after 
sampling without anticoagulation. The samples 
used for DNA extraction were anti-coagulated 
with sodium citrate and stored at -20°C for less 
than 1 week.

Diagnostic criteria

The diagnosis of IgAN was based on biopsy 
findings, particularly at light microscopy and 
immunofluorescence microscopy. The deposi-
tion of IgA or IgA on immunoglobulin and its 
complement in the glomerular mesangial area 
and/or the glomerular capillary loop, glomeru-
lar mesangial cell proliferation, and mesangial 
matrix gathering were the main characteristics 
of IgAN [13, 14] (The light microscopy of renal 

Figure 1. Electrophoresis of the PCR amplification products of CMIP 
rs16955379 polymorphism. Lane M: 100 bp marker ladder; Lanes 1-12: the 
PCR products (299 bp).

history of using hormones, 
immunosuppressive agents, 
or lipid-lowering therapy. In 
total, 300 unrelated partici-
pants (184 males, 116 fe- 
males) with IgAN were includ-
ed in the study.

This study was approved by 
the ethics committee of the 
First Affiliated Hospital of 
Guangxi Medical University. 
Patient consent was obtained 
for all data and blood sample 
collections.

Collection of information

Questionnaires were used to 
collect information from the 
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tissues in IgAN patients shown in Figure S1). 
Using reference levels from the lipid profiles of 
2007 Chinese adults, dyslipidemia was defined 
as total cholesterol (TC) level greater than 6.22 
mmol/L, low density lipoprotein (LDL-C) level 
greater than 4.14 mmol/L, high density lipopro-
tein (HDL-C) level less than 1.04 mmol/L, and 
triglyceride (TG) level greater than 2.26 mmol/L 
[15-17]. Blood pressure was measured using 
the following method: all participants were 
required to rest for 5 minutes, blood pressure 
was measured in triplicate in a sitting position 
from the right arm, and the mean value was cal-
culated. Systolic blood pressure (SBP) was the 
pressure at which the Korotkoff sound was first 
heard. Diastolic blood pressure (DBP) was the 
pressure at which the fifth Korotkoff sound dis-
appeared. Diagnostic criteria for hypertension 
were based on the Seventh Report of the Joint 
National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pres- 
sure (JNC 7) published in 2003. SBP greater 
than 140 mmHg (1 mmHg = 0.133 kpa) and/or 
DBP greater than 90 mmHg was diagnosed as 
hypertension [18, 19]. The normal reference 
ranges of serum creatinine (Scr) were those 
used in the First Affiliated Hospital of Guangxi 
Medical University since August 2014, which 
were defined as 59-104 µmmol/L in males and 
45-84 µmmol/L in females. Estimated glomer-
ular filtration rate (eGFR) < 60 mL/min/1.73 m2 

and/or Scr > 104 µmmol/L in males or Scr > 84 
µmmol/L in females was considered indica- 
tive of renal dysfunction. The Oxford pathologi-
cal classification (Oxford-MEST) was used to 
assess mesangial cell proliferation (M1 defined 
as having 50% of the glomerular mesangial 
area exceeding three mesangial cells and M0 
otherwise), capillary hyperplasia (E1 defined as 
cell proliferation in glomerular capillaries caus-
ing narrowing of the cavity, and E0 otherwise), 
segmental glomerular sclerosis (S1 defined as 
having loops affected to any degree, without 
involvement of the entire glomerulus or adhe-
sion, and S0 otherwise), and renal tubular atro-
phy/interstitial fibrosis (T0 defined as 0%-25%, 
T1 defined as 26%-50%, and T2 defined as > 
50%) [20, 21].

Selection of SNP

Haploview4.2 software was used, and the 
Tagger program was run to choose the SNP. 
Next, SNP information was obtained from the 
National Center for Biotechnology Information 
(NCBI) SNP database (dbSNP Build 150, http://
www.ncbi.nlm.nih.gov/SNP/). The minimum al- 
lele frequency (MAF) of the selected SNP was > 
1%. A search of the literature showed that the 
selected SNP may be related to lipid metabo-
lism [22]. Based on these factors, we chose 
CMIP rs16955379 SNP as the label site.

DNA amplification and genotyping

Genomic DNA was separated from peripheral 
blood leukocytes by phenol chloroform extrac-
tion [23-25]. Using gene sequences in the NCBI 
database, we used Primer5.0 software to de- 
sign specific primers and compared them. Pri- 
mer sequences were designed by a Shanghai 
biology engineering company for CMIP rs169- 
55379F (GGGATTGCGTACATGGTGTC) and for 
CMIP rs16955379R (TGTGCTGTCTCGAAGGT- 
GAT). The PCR reaction was performed in a 
total volume of 25 µL, containing 12.5 µL MIX, 
8.5 µL water, 1 µL upstream primers, 1 µL 
downstream primers, and 2 µL of the DNA sam-
ple. The PCR program started at 94°C for 5 
min; each cycle consisted of denaturing at 94°C 
for 30 s, annealing at 55°C for 30 s, and elon-
gation at 72°C for 35 s. A total of 35 cycles 
were completed. The amplification was com-
pleted with a final extension at 72°C for 7 min. 
Marker and DNA samples were loaded in a 
2.0% agarose gel (1X TBE agarose powder, buf-

Figure 2. Partial nucleotide sequences of the CMIP 
rs16955379 SNP by direct sequencing. CC: CC geno-
types; CT: CT genotypes; TT: TT genotypes.
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fer and nucleic acid dye type I), and 1X TBE  
running buffer was used in the electrophoresis 
chamber. The run was approximately 30 to 40 
min but was adjusted as needed, according  
to the distance traveled through the gel. A gel 

imaging system was used to capture images  
of the gel for analysis (electrophoresis gel of 
PCR products shown in Figure 1). All PCR prod-
ucts were sent to the Shanghai bioengineer- 
ing company for direct sequencing to determi- 

Table 1. General clinical and pathological characteristics in the control group and dyslipidemia group 
of IgAN patients
Parameter Control Dyslipidemia t/X2 P
Number 164 136
Male/female 103/61 81/55 0.33 0.565
Age (year) 35.06±6.69 35.96±10.62 1.623 0.107
Smoking [n (%)] 4 (2.4) 48 (35.3) 56.01 P < 0.0001
Drinking [n (%)] 3 (1.8) 35 (25.7) 35.92 P < 0.0001
Height (cm) 162.08±6.90 165.34±8.16 -3.143 0.002
Weight (kg) 57.97±9.12 66.36±13.85 -5.078 P < 0.0001
BMI (kg/m2) 23.03±2.92 24.05±3.40 -4.642 P < 0.0001
SBP (mmHg) 119.53±14.44 138.72±18.35 -8.309 P < 0.0001
DBP (mmHg) 72.53±11.34 85.72±12.04 -8.168 P < 0.0001
Pulse pressure (mmHg) 47.00±8.16 53.00±13.95 -3.713 P < 0.0001
BUN (mmol/L) 4.92±1.50 7.33±3.30 -6.626 P < 0.0001
Scr (umol/L) 82.00±32.91 138.42±92.13 -5.62 P < 0.0001
UA (umol/L) 340.24±96.15 443.03±135.96 -6.214 P < 0.0001
eGFR (ml/min/1.73 m2) 96.78±38.09 69.02±38.51 5.54 P < 0.0001
Hb (g/L) 124.90±13.31 124.26±26.52 0.215 0.83
ALB (g/L) 39.33±5.10 34.93±8.30 4.52 P < 0.0001
24 h Upro (g) 0.92±1.04 2.48±2.04 -6.672 P < 0.0001
Hypertension [n (%)] 17 (10.4) 77 (56.6) 73.921 P < 0.0001
renal dysfunction [n (%)] 30 (18.3) 85 (62.5) 61.464 P < 0.0001
Urine protein
    < 1 g/d [n (%)] 125 (76.2) 31 (22.8)
    1-3.5 g/d [n (%)] 30 (18.3) 74 (55.4)
    > 3.5 g/d [n (%)] 9 (5.5) 31 (22.8) 85.488 P < 0.0001
Mesangial cell proliferation
    M0 [n (%)] 116 (85.3) 76 (55.9)
    M1 [n (%)] 48 (14.7) 60 (44.1) 7.115 0.008
Hyperplasia of capillaries.
    E0 [n (%)] 146 (89.0) 124 (91.2)
    E1 [n (%)] 18 (11.0) 12 (8.8) 0.383 0.536
Segmental glomerulosclerosis
    S0 [n (%)] 84 (51.2) 56 (41.2)
    S1 [n (%)] 80 (48.8) 80 (58.8) 3.013 0.083
IFTA
    T0 [n (%)] 134 (81.7) 72 (52.9)
    T1 [n (%)] 26 (15.9) 48 (35.3)
    T2 [n (%)] 4 (2.4) 16 (11.8) 30.049 P < 0.0001
24 h Upro, 24-hour urinary protein quantitative; ALB, albumin; BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic 
blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; IFTA, tubular atrophy/interstitial fibrosis; SBP, 
systolic blood pressure; Scr, serum creatinine; UA, uric acid. 
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ne the genotypes (partial nucleotide sequenc-
es of the CC, CT and TT genotypes shown in 
Figure 2).

Statistical analysis

All statistical analyses were performed using 
SPSS, version 17.0 (SPSS, Chicago, IL, USA). 
Data with a normal distribution (i.e., data for 
most of the measurement variables) were pre-
sented as the mean ± standard deviation. Data 
with a non-normal distribution, such as serum 
TG levels, were presented as the median and 
quartile. Qualitative data (e.g., gender, smok-
ing, drinking, pathological stages) were pre-
sented as percentages.

Clinical indicators in the dyslipidemia group 
versus the control group and blood lipid levels 
in the CC/CT genotype carriers versus the TT 
genotype carriers were compared by t-test. 
Pathological stages between the dyslipidemia 
group and the control group, and the genotype 
distribution between the CC/CT genotype car- 
riers and the TT genotype carriers were ana-
lyzed using a Chi-square test. The association 
between genotypes and the Oxford pathologi-
cal classification was evaluated by analysis of 
covariance (ANCOVA). Allele frequency was con-
firmed by direct counting, and the standard 
goodness-of-fit test was verified by the Hardy-
Weinberg equilibrium (HWE). The correlation 
risk factors of dyslipidemia were analyzed using 
the binary non-conditional logistic regression 
method, and the influence of lipid level factors 
was analyzed by a multiple linear regression 
analysis. The level of statistical significance 
was set at P < 0.05.

Results

In this study population, the ratio of males to 
females was 1.59:1, the age (mean ± standard 

features, 192 patients (64.0%) were in the M0 
stage of mesangial cell hyperplasia, and 108 
patients (36.0%) were in the M1 stage accord-
ing to the Oxford classification. A total of 270 
patients (90.0%) had capillaries in E0, and 30 
(10.0%) had capillaries in E1. There were 164 
patients (54.7%) with segmental glomeruli in 
the S0 stage and 136 in S1 (45.3%). As for 
IFTA, 206 patients (68.7%) were in T0, 74 
patients (24.6%) were in T1 stage, and 20 
patients (6.7%) were in T2 stage.

Comparison between the dyslipidemia group 
and the control group in general clinical and 
pathological indexes

As shown in Table 1, there was no significant 
difference in gender or age distribution between 
the dyslipidemia and the normal group (P > 
0.05). The dyslipidemia group had significantly 
greater height, weight, body mass index (BMI), 
SBP, DBP, pulse pressure, blood urea nitrogen 
(BUN), Scr, uric acid (UA), 24-hour urinary pro-
tein quantitative (24 h Upro), ratio of hyperten-
sion, ratio of renal dysfunction, mesangial cell 
proliferation and IFTA compared with the con-
trol group in IgAN (P < 0.05). The eGFR and 
albumin (ALB) in the dyslipidemia group were 
significantly lower in the dyslipidemia group 
than in the control group (P < 0.05). There was 
no statistically significant difference between 
the 2 groups in hemoglobin, the degree of 
hyperplasia of capillaries, and focal segmental 
glomerulosclerosis (P > 0.05).

Comparison between the dyslipidemia group 
and the control group in genotypes and allele 
frequencies

As shown in Table 2, the genotype distribution 
and allele frequency for CMIP rs16955379 SNP 
were consistent with the HWE law (P > 0.05), 
indicating that the selected population was rep-

Table 2. Comparison of genotype and allele frequency between the con-
trol group and dyslipidemia group of IgAN patients

Group n
Genotype Allele

CC CT TT C T
IgAN 300 168 (56.0) 112 (37.3) 20 (6.7) 448 (74.7) 152 (25.3)
HWE (P) 0.82
Dyslipidemia 136 62 (45.6) 60 (44.1) 14 (10.3) 184 (67.6) 88 (32.4)
Control group 164 106 (64.6) 52 (31.7) 6 (3.7) 264 (80.5) 64 (19.5)
χ2 12.793 12.961
P 0.002 P < 0.0001

deviation) was 35.23± 
11.72 years, and the  
levels of Scr and eGFR 
were 118.16±114.90 
µmol/L and 84.09± 
38.66 ml/min/1.73 m2, 
respectively. Among the 
study participants, 94 
(31.3%) had comorbid 
hypertension, and 115 
(38.3%) had accompa-
nying renal dysfunction. 
Regarding pathological 
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resentative of the entire group and could be 
used for further statistical analysis. The fre-
quencies of the C allele and T allele in patients 
with IgAN were 74.7% and 25.3% respectively; 
the frequencies of the CC, CT and TT genotypes 
were 56.0%, 37.3% and 6.7% respectively. The 
frequencies of the genotypes and alleles in the 
dyslipidemia group versus the control group 
were significantly different, and the frequencies 
of the TT genotype and the T allele in the dyslip-

idemia group were higher than they were in the 
control group (P < 0.05).

Relationship between alleles and blood lipid 
levels

As shown in Tables 3 and 4, in patients with 
IgAN, the TG level in the CMIP rs16955379 
SNP TT genotype carriers was higher than in 
the CC/CT genotype carriers, but the level of 

Table 3. Comparison of blood lipid levels between different allele carriers with IgAN

Genotype N TC (mmol/L) TG (mmol/L) HDL-C 
(mmol/L)

LDL-C 
(mmol/L) ApoA1 (g/L) ApoB (g/L) ApoA1/ApoB

IgAN
    CC+CT 280 5.12±2.31 1.10 (0.9) 1.29±0.46 3.01±1.96 1.30±0.55 0.76±0.51 1.70±0.67
    TT 20 5.37±1.64 4.42 (3.5) 1.00±0.28 2.89±1.49 1.29±0.07 0.97±0.12 1.51±0.24
    t/z -0.54 -2.478 2.374 0.243 0.12 1.02 -0.707
    P 0.596 0.033 0.019 0.808 0.905 0.31 0.481
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; HLD-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; TC, total cholesterol; TG, triglyceride.

Table 4. Comparison of blood lipid levels in different alleles carriers in the control group versus the 
dyslipidemia group of IgAN patients

Genotype N TC (mmol/L) TG (mmol/L) HDL-C 
(mmol/L)

LDL-C 
(mmol/L)

ApoA1 
(g/L) ApoB (g/L) ApoA1/ApoB

IgAN/Control group
    CC+CT 158 4.55±0.74 0.855 (0.5) 1.45±0.42 2.62±0.59 1.41±0.66 0.74±0.10 1.74±0.70
    TT 6 4.45±0.20 0.830 (0.3) 1.39±0.02 2.69±0.20 1.35±0.05 0.83±0.17 1.82±0.20
    t/z 1.407 -1.129 0.243 -1.261 0.155 4.772 -1.098
    P 0.162 0.233 0.809 0.21 0.877 P < 0.0001 0.275
IgAN/Dyslipidemia
    CC+CT 122 5.86±3.25 1.650 (2.0) 1.09±0.43 3.52±2.82 1.23±0.20 0.78±0.43 1.58±0.46
    TT 14 5.60±1.78 4.865 (3.8) 0.91±0.22 3.94±1.67 1.13±0.07 1.18±0.30 1.15±0.10
    t/z 0.272 -2.245 1.42 0.698 -2.765 0.95 -6.767
    P 0.786 0.025 0.159 0.487 0.008 0.346 P < 0.0001

Table 5. The relationship between the different genotypes or alleles and the Oxford pathological clas-
sification in IgAN
Genotype/allele M0 n (%) M1 n (%) E0 n (%) E1 n (%) S0 n (%) S1 n (%) T0 n (%) T1 n (%) T2 n (%)
CC 114 (67.1) 56 (32.9) 156 (91.8) 14 (8.2) 80 (47.1) 90 (52.9) 128 (75.3) 38 (22.4) 4 (2.3)
CT 72 (65.5) 38 (34.5) 98 (89.1) 12 (10.9) 46 (41.8) 64 (58.2) 76 (69.1) 22 (20.0) 12 (10.9)
TT 8 (40.0) 12 (60.0) 16 (80.0) 4 (20.0) 12 (60.0) 8 (40.0) 6 (30.0) 12 (60.0) 2 (10.0)
χ2 5.781 2.497 2.429 23.978
P 0.056 0.287 0.297 P < 0.0001
CC+CT 186 (66.4) 94 (33.6) 256 (89.3) 26 (10.7) 126 (45.0) 154 (55.0) 204 (72.9) 60 (21.4) 16 (5.7)
TT 8 (40.0) 12 (60.0) 16 (80.0) 4 (20.0) 12 (60.0) 8 (40.0) 6 (30.0) 12 (60.0) 2 (10.0)
χ2 5.583 1.370 1.691 17.041
P 0.018 0.242 0.193 P < 0.0001
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HDL-C in the TT genotype carriers was lower 
than in the CC/CT genotype carriers (P < 0.05). 
Within the dyslipidemia group, the TT genotype 
carriers had a higher level of TG and lower lev-
els of ApoA1 and ApoA1/B compared with the 
CC/CT genotype carriers. In the control group, 

0.002), height (OR = 1.21, 95% CI = 1.11-1.31, 
P < 0.0001), BMI greater than 24 kg/m2 (OR = 
3.08, 95% CI = 1.31-7.28, P = 0.010), high 
blood pressure (OR = 12.34, 95% CI = 3.86-
39.48, P < 0.0001), 24-hour urinary protein 
level (OR = 7.57, 95% CI = 2.95-19.44, P < 

Table 6. Analysis of risk factors related to dyslipidemia in pa-
tients with IgAN

Risk factors
Dyslipidemia

OR (95% CI) P
Age 1.473 (1.237-1.755) P < 0.0001
Height 1.21 (1.11-1.31) P < 0.0001
BMI
    < 24 kg/m2 1
    ≥ 24 kg/m2 3.08 (1.31-7.28) 0.01
Smoking
    No 1
    Yes 15.57 (2.84-85.20) 0.002
Drinking
    No 1
    Yes 2.87 (0.06-0.12) 0.995
Hypertension
    No 1
    Yes 12.34 (3.86-39.48) P < 0.0001
    ALB 1.63 (1.28-2.07) P < 0.0001
    UA 1.018 (1.002-1.034) 0.024
Renal dysfunction
    No 1
    Yes 17.57 (5.98-51.62) P < 0.0001
    24 h Upro 7.57 (2.95-19.44) P < 0.0001
Mesangial cell proliferation
    No 1
    Yes 33.39 (17.41-64.05) P < 0.0001
Hyperplasia of capillaries.
    No 1
    Yes 0.067 (0.004-1.112) 0.059
Segmental glomerulosclerosis
    No 1
    Yes 17.78 (2.92-10.82) 0.002
Genotypes
    CC 1
    CT 3.619 (0.775-16.911) 0.102
    TT 47.807 (3.440-664.4420) 0.004
C/not-C carrier
    CC+CT 1
    TT 46.25 (8.72-245.42) P < 0.0001
OR and 95% CI were obtained from the unconditional logistic regression model 
after adjustment for age, gender, body mass index, smoking status, alcohol con-
sumption, and hypertension. ALB, albumin; BMI, body mass index; CI, confidence 
interval; OR, odds ratio; UA, uric acid.

the levels of ApoB in the TT gene 
carriers were higher than in CC/
CT genotype carriers (P < 0.05).

The correlation between geno-
type or allele and the Oxford 
pathological classification

As shown in Table 5, there was a 
statistically significant differ-
ence in the incidence of IFTA 
between the dyslipidemia and 
control groups in IgAN (P < 
0.05). The percentages of me- 
sangial cell proliferation and 
IFTA were different among the 
three genotypes. The proportion 
of patients with IFTA in T1 and 
T2 was significantly higher in the 
TT genotype carrier group ver-
sus the CC genotype group. The 
incidences of mesangial cell 
proliferation and IFTA were sig-
nificantly higher in TT genotype 
carriers than in CC/CT geno-
types carriers (P < 0.05, respec-
tively). However, the proportions 
of patients with mesangial cell 
proliferation, capillary hyperpla-
sia and segmental glomerular 
sclerosis lesions were not sig-
nificantly different among the 
CC, CT and TT genotypes. There 
was also no statistical differ-
ence between TT and CC/CT 
genotypes carriers in the inci-
dence of capillary proliferation, 
segmental glomerular sclerosis 
lesions (P > 0.05).

Analysis of risk factors related 
to dyslipidemia in patients with 
IgAN

As shown in Table 6, logistic 
regression analysis showed that 
patient age [odds ratio (OR) = 
1.473, 95% CI = 1.237-1.755, P 
< 0.0001], smoking (OR = 15.57, 
95% CI = 2.84-85.20, P = 
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Table 7. Relationship between dyslipidemia and relative factors in patients with IgAN
Lipid Risk factor B Std.error Beta t P
TC Drinking 3.785 0.397 0.568 9.539 P < 0.0001

UA -0.006 0.001 -0.338 -4.724 P < 0.0001
ALB -0.119 0.026 -0.372 -4.612 P < 0.0001
Age -0.052 0.012 -0.269 -4.158 P < 0.0001
BUN 0.366 0.096 0.400 3.803 P < 0.0001
Scr -0.012 0.003 -0.374 -3.532 0.001

Mesangial cell proliferation -0.797 0.239 -0.164 -3.331 0.001
Smoking -1.478 0.447 -0.249 -3.310 0.001

DBP 0.045 0.015 0.262 3.013 0.003
24 h Upro 0.300 0.119 0.162 2.534 0.012

eGFR -0.011 0.005 -0.184 -2.323 0.021
Weight 0.271 0.123 1.408 2.213 0.028

Segmental glomerulosclerosis -0.521 0.242 -0.113 -2.157 0.032
Hypertension -1.436 0.711 -0.288 -2.020 0.045

TG Drinking 2.368 0.276 0.509 8.586 P < 0.0001
IFTA 1.199 0.179 0.416 6.681 P < 0.0001

Smoking -1.313 0.310 -0.317 -4.231 P < 0.0001
Scr -0.010 0.002 -0.446 -4.228 P < 0.0001

TT Genotype 1.321 0.313 0.198 4.216 P < 0.0001
ALB 0.073 0.018 0.326 4.057 P < 0.0001

Urine protein 0.267 0.069 0.287 3.865 P < 0.0001
Age -0.033 0.009 -0.248 -3.857 P < 0.0001
BUN 0.234 0.067 0.367 3.501 0.001

Mesangial cell proliferation 0.512 0.166 0.151 3.081 0.002
Height -0.199 0.069 -0.945 -2.874 0.005
Weight 0.230 0.085 1.709 2.697 0.008

Renal dysfunction 0.630 0.234 0.191 2.689 0.008
Hyperplasia of capillaries -0.738 0.283 -0.133 -2.609 0.010

eGFR -0.008 0.003 -0.195 -2.477 0.014
BMI -0.491 0.233 -0.987 -2.114 0.036

HDL-C Hyperplasia of capillaries. 0.899 0.097 0.571 9.250 P < 0.0001
Mesangial cell proliferation -0.316 0.057 -0.328 -5.523 P < 0.0001

TT Genotype -0.434 0.108 -0.229 -4.031 P < 0.0001
BUN 0.073 0.023 0.405 3.183 0.002
DBP 0.011 0.004 0.317 3.019 0.003

Renal dysfunction -0.232 0.081 -0.247 -2.873 0.005
Smoking -0.304 0.107 -0.259 -2.849 0.005

UA -0.001 0.000 -0.210 -2.431 0.016
BMI -0.169 0.080 -1.199 -2.117 0.036

24 h Upro -0.057 0.028 -0.155 -2.015 0.046
LDL-C ALB -0.142 0.024 -0.523 -5.988 P < 0.0001

Drinking 1.789 0.366 0.315 4.890 P < 0.0001
UA -0.006 0.001 -0.365 -4.523 P < 0.0001

IFTA -0.718 0.238 -0.204 -3.021 0.003
Mesangial cell proliferation -0.598 0.220 -0.144 -2.711 0.007

Age -0.027 0.012 -0.164 -2.344 0.020
24 h Upro 0.247 0.109 0.157 2.262 0.025

Urine protein -0.191 0.092 -0.169 -2.082 0.039
Segmental glomerulosclerosis -0.484 0.237 -0.123 -2.046 0.042

APOA1 Segmental glomerulosclerosis -0.879 0.098 -0.804 -8.983 P < 0.0001
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eGFR -0.014 0.002 -0.968 -8.961 P < 0.0001
Renal dysfunction -0.898 0.134 -0.806 -6.697 P < 0.0001

DBP 0.034 0.005 0.918 6.341 P < 0.0001
Genotypes -0.559 0.091 -0.591 -6.138 P < 0.0001

Hyperplasia of capillaries 0.668 0.140 0.348 4.759 P < 0.0001
Rise of DBP -1.282 0.314 -0.976 -4.077 P < 0.0001

BMI -0.480 0.131 -3.109 -3.670 P < 0.0001
BUN 0.132 0.036 0.629 3.618 P < 0.0001
UA 0.002 0.001 0.466 3.614 P < 0.0001
Scr -0.004 0.001 -0.586 -3.019 0.003

Mesangial cell proliferation -0.361 0.120 -0.320 -3.000 0.003
Hypertension 1.318 0.451 1.117 2.920 0.004

Height -0.091 0.034 -1.145 -2.667 0.009
Weight 0.116 0.048 2.538 2.396 0.018

ALB 0.025 0.011 0.323 2.342 0.021
Rise of SBP -0.888 0.383 -0.719 -2.321 0.022

APOB Drinking 0.577 0.078 0.391 7.446 P < 0.0001
DBP 0.020 0.003 0.576 6.135 P < 0.0001

Segmental glomerulosclerosis -0.308 0.058 -0.306 -5.269 P < 0.0001
IFTA -0.330 0.065 -0.339 -5.053 P < 0.0001

Rise of SBP -1.137 0.228 -1.001 -4.979 P < 0.0001
Renal dysfunction 0.393 0.080 0.383 4.909 P < 0.0001

Mesangial cell proliferation -0.323 0.072 -0.312 -4.501 P < 0.0001
Pulse pressure 0.015 0.004 0.358 3.477 0.001

Gender -0.358 0.110 -0.352 -3.252 0.002
BMI 0.348 0.110 0.320 3.149 0.002

Hypertension 0.846 0.269 0.779 3.139 0.002
24 h Upro 0.062 0.025 0.163 2.489 0.014

Rise of DBP -0.459 0.188 -0.379 -2.443 0.016
Scr -0.002 0.001 -0.296 -2.351 0.021

Genotypes -0.126 0.054 -0.144 -2.311 0.023
BUN 0.047 0.022 0.243 2.151 0.034

APOA1/B Hyperplasia of capillaries. 1.104 0.158 0.469 7.006 P < 0.0001
Renal dysfunction -0.978 0.151 -0.716 -6.497 P < 0.0001

eGFR -0.011 0.002 -0.596 -6.026 P < 0.0001
Genotypes -0.431 0.102 -0.371 -4.211 P < 0.0001
24 h Upro -0.189 0.047 -0.373 -4.029 P < 0.0001

BUN 0.159 0.041 0.617 3.876 P < 0.0001
Segmental glomerulosclerosis -0.367 0.110 -0.274 -3.339 0.001

ALB 0.036 0.012 0.387 3.064 0.003
Scr -0.004 0.001 -0.539 -3.034 0.003

Rise of DBP -0.990 0.353 -0.615 -2.805 0.006
IFTA 0.334 0.123 0.258 2.721 0.008
DBP 0.014 0.006 0.311 2.347 0.021

Gender 0.453 0.207 0.334 2.185 0.031
Mesangial cell proliferation 0.279 0.135 0.202 2.067 0.041

Pulse pressure -0.016 0.008 -0.293 -2.015 0.046
24 h Upro, 24-hour urinary protein quantitative; ALB, albumin; BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic 
blood pressure; eGFR, estimated glomerular filtration rate; IFTA, tubular atrophy/interstitial fibrosis; SBP, systolic blood pres-
sure; Scr, serum creatinine; UA, uric acid.
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0.0001), renal dysfunction (OR = 17.57, 95% CI 
= 5.98-51.62, P < 0.0001), degree of mesan-
gial proliferation (OR = 33.39, 95% CI = 17.41-
64.05, P < 0.0001), and segmental glomerular 
sclerosis (OR = 17.78, 95% CI = 2.92-10.82, P = 
0.002) were positively correlated with dyslipid-
emia in IgAN. In addition, patients carrying 
CMIP rs16955379 TT genotypes had an in- 
creased risk of dyslipidemia in IgAN, with a 
46.25-fold higher risk of dyslipidemia in TT gen-
otype carriers than in CC/CT genotype carriers 
with IgAN (OR = 46.25, 95% CI = 8.72-245.42, 
P < 0.0001) and a 47.807-fold higher risk of 
dyslipidemia versus CC genotype carriers in 
IgAN (OR = 47.807, 95% CI = 3.44-664.44, P = 
0.004).

Influence of blood lipid profile in patients with 
IgAN

A multiple linear regression analysis showed 
that the levels of TG and HDL-C were significant-
ly associated with the TT genotype of CMIP 
rs16955379 in patients with IgAN (P < 0.05, 
Table 7). The levels of ApoA1, ApoB, and 
ApoA1/B were related to the CC, CT, and TT 
genotypes, while the levels of TG and HDL-C 
were closely related to the TT genotype. TT gen-
otype carriers had a higher risk of dyslipidemia 
(i.e., abnormal levels of TG and HDL-C) (P < 
0.05). Furthermore, blood lipid levels in patients 
with IgAN were linearly correlated with smok-
ing, drinking, blood pressure, BMI, renal dys-
function, and renal pathological stage (P < 
0.05).

Discussion

Dyslipidemia is one of the most important risk 
factors in the development of atherosclerosis, 
coronary heart disease, hypertension, stroke, 
and other cardiovascular diseases. Cardiova- 
scular diseases are a common cause of death 
in patients with chronic kidney disease (CKD) 
[26]. The overall prevalence of dyslipidemia in 
Chinese adults is about 41.9%, and dyslipid-
emia is more common in men than in women 
[27]. The prevalence of dyslipidemia in patients 
with CKD is 2 to 4 times greater than in the gen-
eral population. Moreover, the prevalence of 
dyslipidemia in dialysis patients is over 60% 
[28]. In this study of 300 patients with IgAN, 
there were 136 cases of dyslipidemia and 164 
cases with normal blood lipid. The prevalence 
of dyslipidemia was about 45.3%, and the prev-

alence in men was higher than in women. 
Therefore, an improvement of blood lipid levels 
in patients with dyslipidemia is beneficial in 
reducing the morbidity and mortality of cardio-
vascular events. Some studies have shown that 
the mechanism of dyslipidemia in IgAN may be 
related to the following factors: decreased plas-
ma colloid osmotic pressure caused by hypoal-
buminemia, which could stimulate the synthe-
sis of LDL, lipoprotein, and apolipoprotein in 
the liver; excitement of the sympathetic nerve; 
enhanced activity of hormone-sensitive lipase 
(HSL) in adipocytes, leading to increased adi-
pose mobilization; increased endotoxin; dec- 
reased activity of LPL; hepatic lipase (HL); re- 
duced density of lipoprotein receptors, which 
can disturb the degradation of TG, and so on 
[29]. The presence of these factors may 
increase the incidence and mortality of cardio-
vascular accidents in patients with IgAN.

Dyslipidemia is considered an independent risk 
factor for CKD and is associated with a poor 
prognosis [30, 31]. Studies have shown that 
HDL-C and hypercholesterolemia are associat-
ed with an increased risk of proteinuria and 
that hypercholesterolemia plays an important 
role in reducing eGFR [32]. The risk of cardio-
vascular events increases by 30% when eGFR 
is reduced by 30% in patients with CKD [33]. In 
conclusion, the increase in TG and LDL-C, and 
the reduction of HDL-C are closely related to 
the progress of CKD [34-36]. A cohort study 
showed that eGFR tended to increase in 
patients treated with statins, and renal func-
tion was significantly improved [37]. A study in 
rats showed that atorvastatin can reduce the 
risk and the degree of renal function damage, 
proteinuria, and glomerular cell proliferation 
induced by bovine gamma globulin (BGG) [38]. 
In the current study, patients were divided into 
the dyslipidemia group and the control group. 
The dyslipidemia group had a lower level of 
eGFR, a higher level of Scr, and a higher inci-
dence of renal dysfunction compared with the 
control group, which suggests a positive corre-
lation between the incidence of dyslipidemia 
and renal dysfunction in patients with IgAN. 
Patients with both IgAN and dyslipidemia were 
more likely to suffer from renal dysfunction. 
Therefore, dyslipidemia in patients with IgAN 
alerts the clinician to the possibility of renal 
dysfunction, and measures to correct dyslipid-
emia and renal dysfunction should be pursued 
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as early as possible. The mechanism of dyslip-
idemia-induced renal dysfunction was hypoth-
esized to be lipid nephrotoxicity more than 30 
years ago. Proteinuria, low levels of ALB, and 
hyperlipidemia may lead to atherosclerotic glo-
merulosclerosis. In the early stage of glomeru-
lar injury, a series of lesions, such as inflamma-
tion, could increase the permeability of the 
glomerulus, and decrease the activity of lipo-
protein lipase, resulting in hyperlipidemia. 
Charge affinity of cyclic LDL-C and the glycos-
aminoglycan in the glomerular basement mem-
brane further enhance the permeability of the 
glomerular basement membrane. A large num-
ber of viral lipoproteins can stimulate the prolif-
eration of glomerular mesangial cells. The prox-
imal renal tubules reabsorb some of the filtered 
lipoproteins if the pH value in the proximal 
tubule is close to the isoelectric point of the 
apolipoprotein, and formation of the intracavi-
tary apolipoprotein precipitate results in the 
development of renal tubular interstitial dis-
ease [39]. But opposite findings were reported 
in a Dutch study by Voskamp and colleagues 
[40], indicating that there was no significant 
correlation between dyslipidemia or lipid levels 
and renal replacement therapy or death in CKD 
patients.

In this study, the Oxford classification method 
of IgAN was used to compare the pathological 
stages. Prior studies have shown that the 
Oxford classification and MEST score may pre-
dict prognosis of at the early stage of IgAN [21]. 
In this study, comparisons of pathological types 
between the dyslipidemia group and control 
group in IgAN showed that the dyslipidemia 
group had a higher proportion of patients with 
mesenchymal cell proliferation and IFTA com-
pared with the control group, suggesting that 
hyperlipidemia may further aggravate renal 
dysfunction. The pathological mechanism of 
lipid-initiated renal impairment may involve an 
increase in lipid in the endothelium, which 
causes the deposition and oxidation of LDL-C, a 
larger mononuclear macrophage infiltration 
lesion area, and greater cell formation in the 
lesion area. The proliferation of mesangial 
cells, the growth of the mesangial matrix, and 
renal tubular interstitial lesions are also 
involved in this process. It has been hypothe-
sized that dyslipidemia can cause an excessive 
expression of fat cell factors, angiotensin, 
inflammation factors such as interleukin 6 (IL-

6), and tumor necrosis factor alpha (TNF-α), 
causing renal interstitial fibrosis [41]. Further 
study is needed to determine whether the path-
ological changes of mesangial cell prolifera-
tion, renal tubular atrophy, and interstitial fibro-
sis in patients with IgAN complicated with 
dyslipidemia are caused by the above mecha-
nisms. In addition, studies have shown that 
renal interstitial fibrosis and IFTA are all related 
to a poor prognosis in IgAN [42]. Combined with 
findings from other studies, the results of our 
research support the idea that dyslipidemia 
may affect IgAN pathological types and can 
strongly influence mesangial cell proliferation 
and IFTA, which was one of the factors associ-
ated with disease progression and poor prog-
nosis in IgAN.

IgAN has familial aggregation, with mostly auto-
somal dominant inheritance. Familial clustering 
accounts for 10%-15% of cases of IgAN. There 
is also racial diversity in IgAN. The incidence of 
IgAN is highest in Asians and Indians, followed 
by those of white European ethnicity; the low-
est incidence of IgAN is in people of African 
ancestry [43, 44]. There are also geographic 
differences in IgAN prevalence. The incidence 
of IgAN in Asia is far higher than it is in North 
America, Europe and other regions and 
accounts for 30% to 50% of primary glomerular 
disease in that region. Studies have shown that 
Asian patients are more likely to progress to 
ESRD, the main primary glomerulonephrosis in 
that region [45]. Familial aggregation, ethnic 
diversity, and regional heterogeneity in IgAN 
suggest that genetic factors play a crucial role 
in the pathogenesis and progression of IgAN. A 
recent study showed close connections 
between the CMIP gene (c-Maf inducing pro-
tein, GeneID: ID80790, HGNC: 24319, MIM: 
610112, Location: 16q23.2-q23.3, also known 
as TCMIP) and the level of blood lipids (eg, HDL-
C), and the risk of type 2 diabetes mellitus 
(T2DM) and acute myocardial infarction (MI). 
The CMIP gene has also been associated with 
speech disorders in previous studies [46]. 
Research from Strawbridge and colleagues 
[47] has shown that CMIP, PLXND1, VEGFA and 
ZNRF3-KREMEN1 and gene loci related to the 
waist-hip ratio after adjusting for the body 
weight index (WHRadjBMI) are nominally asso-
ciated with lipid solution, which regulates the 
spontaneity and/or stimulation of fat cells. 
These may be due to the influence on the NFκB 
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signal, the size of fat cell, and the Wnt signal. 
The CMIP gene is located on chromosome 16 
at 16q23, which encodes the c-Maf inducible 
protein, which is a factor in the T cell signaling 
pathway. In addition, the CMIP gene can be 
encoded with the different subtypes CMIP 
rs2925979, CMIP rs3924153, CMIP rs169- 
55379 and CMIP rs56823429 [48, 49]. A stu- 
dy from Japan showed that CMIP rs169553- 
79 (C > T, 16q23.2) was associated with de- 
creased HOMA-β and beta-cell function of insu-
lin and increased fasting blood glucose [22]. In 
particular, the increase in fasting blood glucose 
in males with T2DM was associated with an 
increased risk of dyslipidemia, so this site may 
increase the risk of T2DM by affecting blood 
lipid and blood glucose levels. A case-control 
study of the Chinese Han population showed 
that those with CMIP rs16955379 had a lower 
genetic risk of T2DM, possibly due to its nega-
tive correlation between the red blood cell 
phospholipid alpha linolenic acid (ALA) and 
T2DM in that community. The interaction 
between those two factors may regulate the 
risk of T2DM in the Chinese population [50]. 
The current study builds on gene polymor-
phism, the genetic susceptibility of CMIP in 
IgAN, and related research in dyslipidemia, to 
elucidate the relationship between the CMIP rs 
16955379 SNP and dyslipidemia in IgAN. An 
interesting finding of the study was that the TT 
genotype and T allele frequency in the dyslipid-
emia group were higher than in the control 
group with IgAN. Dyslipidemia in patients with 
IgAN who were TT genotype carriers had higher 
TG and lower ApoA1, ApoA1/B level versus CC/
TT genotype carriers. A large number of studies 
has shown that low ApoA1, ApoA1/B levels and 
high ApoB levels are risk factors for atheroscle-
rosis and stroke, suggesting an increased risk 
of adverse cardiovascular events [51, 52]. If 
the long-term disorder of lipid metabolism is 
not corrected, it will likely cause lipid deposition 
in the glomerular basement membrane and 
affect its permeability, which will aggravate 
renal arteriosclerosis and renal tubular intersti-
tial disease. Our study found that carriers of the 
CMIP rs16955379 TT genotype in IgAN were 
prone to development of dyslipidemia, which 
was mainly shown in the reduced TG levels and 
ApoA1, ApoA1/B, and affected the progress 
and prognosis of IgAN. However, further study 
is needed to confirm whether the poor progno-
sis of TT genotype carriers in IgAN was due to 
lipid metabolic disorders increasing the risk of 

the occurrence of cardiovascular complications 
or whether it was due to dyslipidemia effects on 
the kidney itself.

Studies have shown that kidney pathological 
changes and the progression of IgAN are as- 
sociated with gene polymorphisms, and the 
Oxford MEST of the various indicators of IgAN 
prognosis was different: IFTA were independent 
predictors of ESRD [53]. However, mesangial 
hyperplasia was associated with the accep-
tance of immunosuppressive agents in pati- 
ents and was a weak prognostic indicator. The 
results of our study showed CMIP rs169553- 
79 SNP was associated with the stage of 
mesangial proliferation and IFTA. Patients with 
IgAN who carried the TT genotype were more 
likely to have the M1 or T2 stage of mesangial 
proliferation and IFTA than patients in IgAN who 
carried the CC/CT genotypes. There may be a 
positive correlation between the CMIP rs169- 
55379 TT genotype and the severity of the 
pathological type in IgAN. Patients with the TT 
genotype had more severe mesangial cell pro-
liferation and IFTA, which could lead to further 
deterioration and progression of IgAN and a 
poorer outcome.

Dyslipidemia is mainly affected by the environ-
ment, blood glucose, genes, other factors, and/
or interactions among those factors [54-56]. A 
cross-sectional study of gene loci in the Chinese 
population showed that 12 of the 25 loci that 
were analyzed were closely associated with 
abnormal blood lipid levels, indicating that 
genetic differences may influence susceptibility 
to abnormal lipid levels. Those study findings 
suggest that genetic mutations are very impor-
tant to the occurrence of dyslipidemia [57]. The 
logistic regression analysis in this study sug-
gests that the risk of dyslipidemia in TT geno-
type carriers with IgAN is 46.25 times higher 
than in CC/CT genotype carriers with IgAN. TT 
genotype carriers with IgAN have a higher risk 
of dyslipidemia compared with CC/CT genotype 
carriers with IgAN. Early intervention and man-
agement of blood lipids in TT genotype carriers 
with IgAN may reduce the incidence of adverse 
events caused by dyslipidemia, but a larger 
cohort study with long-term follow-up is required 
for confirmation. The results of linear regres-
sion analysis of different factors indicated that 
the CMIP rs16955379 SNP genotype and 
allele, blood pressure, BMI, renal dysfunction 
and pathological type all affect the risk of dys-
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lipidemia in the patients with IgAN. The risk of 
dyslipidemia was increased with the presence 
of the TT gene, the elevation of blood pressure 
and BMI, renal dysfunction, and the stage of 
the Oxford classification. The multitude of fac-
tors that affect blood lipid levels, such as gene 
polymorphisms, blood pressure, renal function, 
and pathological type, may also affect the prog-
ress and prognosis of IgAN, but the interaction 
still needs to be confirmed.

Limitations

To be sure, there are some limitations in our 
research. First, our sample size was limited, 
and a larger sample size is needed to confirm 
our conclusion. Secondly, our study was a 
cross-sectional study that did not prospectively 
compare blood lipid results between cohorts 
and did not demonstrate the effects on long-
term outcomes. Thirdly, the selected SNP site is 
only one of the CMIP genes and therefore does 
not represent all loci. Fourthly, we did not 
research diet in the study, so we could not elim-
inate the effects of diet on dyslipidemia. These 
limitations need to be addressed in future stud-
ies that include more SNP sites in the CMIP 
gene and the use of different genetic models.

Conclusion

Our study suggests that dyslipidemia can 
increase the risk of renal dysfunction and re- 
nal tubular atrophy/interstitial fibrosis in IgAN. 
The prevalence of dyslipidemia, renal dysfunc-
tion, and renal tubular and interstitial lesions  
in patients with the CMIP rs16955379 TT ge- 
notype were higher, indicating disease prog- 
ression and a poor prognosis of IgAN. CMIP 
rs16955379 SNP is closely associated with 
serum lipid levels, dyslipidemia, renal dysfunc-
tion and tubular atrophy/interstitial fibrosis in 
IgAN.
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Figure S1. A and B. Light microscopy of renal tissues in IgAN patients. The deposition of IgA or IgA on immunoglobu-
lin and its complement in the glomerular mesangial area, glomerular mesangial cell proliferation, and mesangial 
matrix gathering.


