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Objective: Studies have demonstrated a link between chronic inflammatory responses and diabetic microangiopathy, which include 
diabetic nephropathy, diabetic retinopathy, and diabetic neuropathy. However, it remains unclear whether there is a causal association 
between circulating inflammatory cytokines and the development of diabetic microvascular complications. This study aimed to 
investigate whether altered genetically predicted concentrations of circulating inflammatory cytokines were associated with the 
development of diabetic microvascular complications using two-sample Mendelian randomization (MR) analysis and clinical 
validation.
Methods: Pooled data on diabetic nephropathy, diabetic retinopathy, diabetic neuropathy, and 91 circulating inflammatory cytokines 
were obtained from publicly available databases. The analysis was conducted mainly using the inverse variance weighting (IVW) 
method and the results were assessed based on the odds ratio (OR) and 95% confidence interval (CI). In addition, the stability and 
reliability of the results were verified using the leave-one-out method, heterogeneity tests, and horizontal pleiotropy. Finally, ELISA 
and RT-qPCR were utilized to assess the expression of relevant inflammatory cytokines associated with diabetic microvascular 
complications.
Results: Mendelian randomization analysis identified a total of 9 circulating inflammatory cytokines that exhibit causal associations 
with the diabetic microangiopathy, with IL-20RA being a common risk factor for all three conditions. Clinical studies have found 
elevated plasma IL-20RA concentrations in patients with diabetic peripheral neuropathy, and RT-qPCR testing of peripheral blood 
mononuclear cells revealed significantly higher IL-20RA mRNA expression in patients with diabetic peripheral neuropathy as 
compared to normal individuals.
Conclusion: This study highlights the potential role of specific inflammatory cytokines in the development of diabetic microangio-
pathy (diabetic nephropathy, diabetic retinopathy and diabetic neuropathy). Additionally, IL-20RA emerges as a potential common risk 
factor for three diabetic microvascular complications. These findings may provide novel insights into early prevention and new 
therapeutic strategies for diabetic microvascular complications.
Keywords: Mendelian randomisation, circulating inflammatory cytokines, diabetic microangiopathy, IL-20RA

Introduction
Diabetes is a chronic, non-communicable, and multi-system disease. According to data reported by the International 
Diabetes Federation (IDF), China has the largest number of people with diabetes in the world, with approximately 141 
million adults suffering from this disease in 2021, and this number is projected to reach 174.4 million by 2045.1 With the 
increase of diabetes prevalence and the aging of the population, the occurrence of diabetic microvascular complications 
(such as diabetic retinopathy, diabetic nephropathy, and diabetic neuropathy) may also increase simultaneously.2 It has 
been found that although hyperglycemia-induced damage to the cardiovascular, cerebrovascular, and other macrovascular 
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systems is the main cause of death in patients, microvascular hazards such as renal, ophthalmic, and neurological effects 
caused by abnormal blood glucose are more prevalent.3 Diabetic nephropathy is a chronic hyperglycemia-caused 
abnormality of renal structure and function, with the manifestations of glomerulosclerosis, arteriolar sclerosis, and 
renal papillary necrosis. Diabetic nephropathy has now surpassed glomerulonephritis as the most common cause of 
chronic kidney disease and end-stage renal disease worldwide.4 Early manifestations of diabetic retinopathy mainly 
include endothelial damage, microaneurysm formation, and punctate intraretinal hemorrhages, and as the disease 
progresses, fibrous tissue proliferation, intravitreal neovascularization, and retinal detachment may occur, which may 
ultimately result in blindness.5 Research studies have shown that the prevalence of type 2 diabetic neuropathy in China 
ranges from 8.4% to 61.8%, and is a major risk factor for the development of lower limb ulcers, amputations, and 
disability, imposing a heavy financial burden on the healthcare system and society.6,7

It has been evidenced that the inflammatory response is strongly associated with the development of diabetes and its 
complications. Immune cell activation and cytokine interactions are important in the development of the inflammatory 
response in diabetes, immune cells are activated to trigger a series of responses, releasing various inflammatory cytokines 
such as TNF-α, IL-1β, and IL-6, thereby activating diverse inflammatory signaling pathwayssuch as nuclear factor κB 
(NF-κB) and signal transducer-activated activator of transcription factor 3 (STAT3), which can lead to target organ 
damage.8 Hyperglycemia is the main driving force of diabetic nephropathy, and microinflammation and extracellular 
matrix proliferation are the main causes of progression. Activated inflammatory signaling pathways and the increased 
expression of cell adhesion molecules, chemokines, and pro-inflammatory cytokines in the kidney tissues of diabetic 
nephropathy lead to glomerular inflammation and sclerosis and renal interstitial fibrosis, ultimately affecting kidney 
function.9,10 The retinal endothelial cells, microglia, astrocytes, Müller cells, and neurons interact to maintain retinal 
homeostasis. Under the conditions of chronic low-grade inflammation, the activation of microglia leads to an increase in 
the expression of inflammatory cytokines, such as IL-1β. This increase induces pericyte apoptosis through the NF-κB 
signaling pathway, increases vascular permeability, and stimulates the Toll-like receptor 4 (TLR4) pathway through 
advanced glycation end products (AGEs), enhancing the expression of the angiogenic factor Galectin-1 in macrophages 
and microglia, thereby contributing to the development of diabetic retinopathy.11–13 The pathogenesis of diabetic 
neuropathy is complex, involving the interaction of metabolic, vascular, and neurotrophic factors. Studies have shown 
that pro-inflammatory cytokines, induced by hyperglycaemia-associated metabolic changes, were facilitators of neuro-
toxicity and were associated with the severity of the condition.14,15 For instance, it has been evidenced that excessive 
generation of reactive oxygen species (ROS) and NOD-like receptor protein 3 (NLRP3) inflammasomes induce the 
release of inflammatory cytokines (IL-1β and IL-18), triggering inflammatory responses and pyroptosis in Schwann cells, 
thereby promoting the development of diabetic peripheral neuropathy.16 However, the dynamic nature of the inflamma-
tory response suggests that measurements at a particular point in time, whether high or low, may not accurately represent 
the overall changes in inflammatory factors. Furthermore, the results of these studies can be affected by unmeasured 
confounding, reverse causation, and a variety of biases that can complicate the establishment of a clear causal 
relationship.17 Limited by current clinical studies and animal experiments, the action mechanism of relevant inflamma-
tory factors in specific diseases has not been fully elucidated. Therefore, further research and clarification are still needed 
to investigate the specific role of inflammatory factors in diabetic microvascular complications.

Mendelian randomization analysis (MR) is a method that leverages single nucleotide polymorphisms (SNPs), which 
are strongly associated with exposure factors, as instrumental variables (IVs) to investigate the causal relationship 
between exposure factors and outcomes. Compared to observational epidemiological studies, MR is based on Mendelian 
laws of inheritance, in which genetic variation follows the random assignment of alleles to offspring. MR can be regarded 
as a naturally randomized controlled trial, less susceptible to confounding factors and with a higher level of evidence.18 

In the present study, in order to investigate the potential causal relationship between inflammatory factors and diabetic 
microangiopathy and to identify specific subtypes, we performed MR studies based on genome-wide association studies 
(GWAS) summary data. Additionally, the expression of specific inflammatory factors in diabetic microvascular compli-
cations was validated with a case-control study.
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Materials and Methods
MR Studies
Research Design
Two-sample MR analysis was performed using publicly available GWAS statistics. SNPs were selected as IVs for MR 
analysis. Three key assumptions were used to guide this study: (a) relevance restriction: SNPs selected as IVs must show 
a strong correlation with exposure; (b) independence restriction: these SNPs should be independent of confounding 
factors associated with both exposure and outcomes; (c) exclusion restriction: instrumental variables should not affect the 
outcomes except through their effect on the exposure. The specific flow chart is shown in Figure 1.

Data Sources for 91 Circulating Inflammatory Cytokines
Summary statistics for the 91 circulating inflammatory cytokines used in this study were obtained from a comprehensive 
large-scale GWAS meta-analysis. In EBIGWAS directory https://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/ 
(GCST90274758 to GCST90274848) Download.19

Data Sources of Diabetic Microangiopathy
Aggregated statistics on diabetic nephropathy, diabetic retinopathy, and diabetic neuropathy were obtained from the 
Finngen dataset GWAS project (https://r9.finngen.fi). The diabetic nephropathy GWAS dataset covered 312,650 indivi-
duals, including 308,539 controls and 4,111 cases (1,434 females and 2,677 males, a mean age at first event of 49.43 
years for females and 58.48 years for males), for a total of 20,168,510 SNPs. The diabetic retinopathy GWAS dataset 
covered 319,046 individuals, including 308,633 controls and 10,413 cases (4,568 females and 5,845 males, a mean age at 
first event of 55.95 years for females and 57.86 years for males), for a total of 20,168,725 SNPs. The diabetic neuropathy 

Figure 1 Flow chart of Mendelian randomization study.
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GWAS dataset covered 274,660 individuals, including 271,817 controls and 2843 cases (1,003 females and 1,840 males, 
a mean age at first event of 54.03 years for females and 58.86 years for males), for a total of 20,167,090 SNPs.

Instrumental Variable Selection
Firstly, SNPs were selected from the exposure data as IVs for MR analysis. Initially, SNPs that were strongly associated with 
genome-wide significance threshold (P<5×10−8) exposure were selected. However, for most circulating inflammatory 
cytokines, there was not a sufficient number of SNPs to meet this threshold. Therefore, the threshold (P<5×10−6) was applied 
to identify SNPs associated with circulating inflammatory cytokines. To remove linkage disequilibrium, R2<0.001 and 
K=10000kb were set to ensure independence of each IV. Then, palindromic SNPs as well as outcome-associated SNPs 
were removed from the IVs. Finally, F ¼ N � k� 1

k � R2

1� R2 was used to calculate F values for individual IVs, and only IVs with F 
> 10 were retained to avoid bias caused by weak IVs. In the reverse MR analysis, the procedure for selecting IVs from pooled 
data on diabetic nephropathy, diabetic retinopathy, and diabetic neuropathy was consistent with the selection procedure for 
circulating inflammatory cytokines, noteworthly, SNPs associated with the three diabetic complications at the genome-wide 
significance threshold (P<5×10−8) were selected as potential IVs to obtain more comprehensive results. Finally, SNPs 
associated with potential confounders (such as age, fasting glucose, glycated haemoglobin, diabetes and insulin resistance) 
were examined and eliminated using the PhenoScanner online platform (http://www.phenoscanner.medschl.cam.ac.uk).20

Statistical Analysis
MR Analysis 
All analyses in this study were performed using R software (version 4.3.2). Four methods were mainly employed in this study to 
explore the causal relationship between 91 circulating inflammatory cytokines and diabetic microangiopathy. Among them, the 
inverse variance weighting (IVW) method was used as the main analytical method to evaluate the causal relationship,21 which 
assumed that all IVs were valid and combined the effects together to produce a weighted total effect. The significance threshold 
was set to P<0.05, and the outcome of causality is expressed as an odd ratio (OR) and a 95% confidence interval (95% CI). 
Additionally, other three MR analysis methods were also carried out to further prove the stability and directionality of the results 
and assess the causality, including the maximum likelihood (ML) method, MR-Egger regression method, and Weighted Median 
(WM) method. The ML method is a traditional method that introduces the most probable parameter values in the data by 
maximising a likelihood function with a low standard error.22 The WM is a method of combining the results of multiple MRs to 
reduce genetic variation-caused bias in the estimates.23 The MR-Egger method gives accurate estimates of causal effects in the 
presence of pleiotropic bias.24 In the reverse analysis, using the same criteria, SNPs associated with diabetic microangiopathy 
were used as IVs for the reverse MR analysis, and circulating inflammatory cytokines from the forward MR analysis were used as 
endpoints in order to explore whether diabetic microangiopathy has a causal effect on the above-identified cytokines.

Sensitivity Analysis 
MR analysis results may be affected by heterogeneity or pleiotropy. Therefore, the validity and robustness of the MR 
analysis results were assessed by sensitivity analysis. Specifically, Cochran’s Q test was utilized to assess heterogeneity 
and considered IVs with P<0.05 to be heterogeneous. Mendelian randomisation polytropic residuals sum and outliers 
(MR PRESSO) was performed to detect the presence of outliers, and MR-Egger intercept was performed to detect 
horizontal pleiotropy, with P>0.05 indicating the absence of horizontal pleiotropy.25 Finally, leave-one-out sensitivity 
analysis was performed to assess the robustness of the results.26

Clinical Validation Study
Clinical Sample Collection
A total of 20 patients with diabetic peripheral neuropathy (DPN) aged 20–75 years who attended the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine from September 2023 to February 2024 were recruited in 
this study. The inclusion criteria of patients were: ① diagnosed as type 2 diabetes mellitus; ② neuropathy appeared at 
the time of diagnosis of type 2 diabetes mellitus or after; ③ symptoms and signs were consistent with the manifestation 
of DPN; ④ agreed to participate in the study and signed the informed consent form. The following conditions were 
excluded: the patients showed rapid disease progression, asymmetry of the lesion site, and more severe motor impairment 
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than sensory impairment, as well as neuropathy caused by, for example, cervical and lumbar spine lesions, Guillain-Barré 
syndrome, ischemic stroke, severe vascular lesions, vitamin B12 deficiency, infections, and medication damage. 
Additionally, contemporaneous healthy individuals were recruited, propensity-matched for age and gender, and 20 
cases were included as a control group. This study was approved by the Ethics Committee of the First Affiliated 
Hospital of Anhui University of Traditional Chinese Medicine (2021AH-77).

Enzyme-Linked Immunosorbent Assay (ELISA) for Plasma Interleukin-20 Receptor Alpha (IL-20RA) Levels
Fasting venous blood (5mL) was collected from patients and healthy control individuals into EDTA tubes, and the 
supernatant was centrifuged. Each well was spiked with 100μL antibody and incubated at 37 °C for 60 min. The 
expression level of IL-20RA (pg/mL) was detected according to the instruction of the kit (Keshun Science, Shanghai, 
China; KS19571 &202403).

Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR) Detection of IL-20RA mRNA Expression
Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll density gradient centrifugation, and total RNA 
from PBMCs was extracted using the EZ-10 Total RNA Mini-Preps Kit (Sangon Biotech, Shanghai, China; B618583). 
The mRNA was reverse transcribed into cDNA as per the instructions of the Reverse Transcription Kit (ABclonal, 
Wuhan, China; RK20403). qPCR was performed using the CFX96 Real-Time PCR Detection System (Bio-Rad, China) 
according to the following steps: pre-denaturation at 95 °C for 3 min, followed by 40 cycles of denaturation at 95 °C for 
5s, annealing at 60 °C for 30s, and extension at 72 °C for 30s. Beta-Actin served as an internal reference gene, and the 
relative gene expression was calculated using the 2−ΔΔCt method. The primer sequences are listed in Table 1.

Data Analysis
GraphPad Prism 10.1.2 software and IBM SPSS statistical package were employed for statistical analysis. Measurement 
data were expressed as mean ± standard deviation (x� s). The independent samples t-test was used for comparisons 
between two groups. The difference was considered statistically significant at P < 0.05.

Results
Causal Effect of Circulating Inflammatory Cytokine Levels on Diabetic 
Microangiopathy
The causal relationship between 91 circulating inflammatory cytokines and diabetic nephropathy, retinopathy and 
neuropathy is shown in Figures 2 and 3. It was found that for diabetic nephropathy, C-C motif chemokine ligand 7 
(CCL7) (OR: 1.14, 95% CI: 1.00–1.30, P=0.049), interleukin 24 (IL-24) (OR: 1.30, 95% CI: 1.00–1.68, P=0.048), 
interferon gamma (IFNG, IFN-γ) (OR: 1.278, 95% CI: 1.03–1.57, P=0.022), IL-20RA (OR: 1.28, 95% CI: 1.09–1.51, 
P=0.002) were potentially associated with an increased risk of diabetic nephropathy, whereas interleukin IL-1A (IL-1A, 
IL-1α) (OR: 0.80, 95% CI: 0.68–0.94, and P=0.008), and colony-stimulating factor 1 (CSF1) (OR: 0.86, 95% CI: 0.77– 
0.96, P=0.008) were related to a reduced risk of diabetic nephropathy. For diabetic retinopathy, we found that signal 
transduction interface molecule binding protein (STAMBP) (OR: 1.20, 95% CI: 1.01–1.43, P=0.037), IL-20RA (OR: 
1.16, 95% CI: 1.01–1.33, P=0.033), and signaling lymphocytic activation molecule (SLAM) (OR: 1.9, 95% CI: 1.03– 
1.39, P=0.02) were potentially associated with an increased risk of diabetic retinopathy, while interleukin IL-1A (OR: 
0.82, 95% CI: 0.72–0.94, P=0.004) was associated with a decreased risk of diabetic retinopathy. Regarding diabetic 
neuropathy lesions, IL-24 (OR: 1.39, 95% CI: 1.31–1.70, P=0.002), IL-20RA (OR: 1.53, 95% CI: 1.22–1.94, P=0.0003), 

Table 1 Sequences of IL-20RA mRNA Primers in PBMCs

Primer Sequences (5’to3’) Product Length (bp)

IL-20RA-F GCGAGCAGGAGGAGATACTT 130
IL-20RA -R TGAAGGTCTGTGCCTGATGT

Beta-Actin-F ACTCTTCCAGCCTTCCTTCC 149

Beta-Actin-R CAATGCCAGGGTACATGGTG
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and SLAM (OR: 1.20, 95% CI: 1.01–1.43, P=0.04) were potentially associated with an increased risk of diabetic 
neuropathy, while tumor necrosis factor superfamily member 14 (TNFSF14) (OR: 0.81, 95% CI: 0.72–0.92, P=0.001) 
was associated with a decreased risk of diabetic neuropathy. Among these relevant inflammatory cytokines, IL-20RA was 
found to be potentially associated with an increased risk of all these diabetic microvascular complications.

Causal Effect of Diabetic Microangiopathy on Circulating Inflammatory Cytokine 
Levels
The reverse MR analysis results revealed no causal effect of diabetic nephropathy, diabetic retinopathy, and diabetic 
neuropathy on circulating inflammatory cytokines in the forward MR analysis.

Results of Sensitivity Analyses
In this study, the MR-Egger regression, the WM method, and the ML method all supported the results of IVW, which 
enhanced the reliability of the analysis results. In sensitivity analyses, the results of the MR-Egger intercept test showed 
that MR analyses were not affected by any potential effect of horizontal pleiotropy (P>0.05). In causality analyses of 
circulating inflammatory cytokines and diabetic retinopathy, although the MR-PRESSO test and Cochran’s Q test for 
SLAM showed the presence of heterogeneity (P<0.05), the results of the MR-Egger intercept test for SLAM showed that 
the MR analysis was not potentially affected by horizontal pleiotropy (P>0.05) and that outliers were not detected by the 
MR-PRESSO test, therefore would not affect the MR results. Finally, the leave-one-out test results showed that the 
exclusion of any individual SNP would not affect these causal associations, which further confirmed the stability and 
reliability of our results, as shown in Table 2 and Figure 4.

Figure 2 Causal effect of circulating inflammatory cytokines on diabetic microangiopathy: (A) Circular plots of the causal relationship between circulating inflammatory 
cytokines and diabetic microangiopathy. (B) Forest plot of the causal relationship between circulating inflammatory cytokines and diabetic microangiopathy.
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Comparison of Baseline Levels and IL-20RA Concentration and Relative Expression 
Levels in Two Groups
As shown in Table 3 and Figure 5, there was no significant difference of gender in the baseline data between the two 
groups; patients in the DPN group showed a significantly higher plasma IL-20RA level than normal population 

Figure 3 Scatter plot of the effect of circulating inflammatory cytokines on diabetic microangiopathy. (A) CCL-7 and diabetic nephropathy (B) CSF-1 and diabetic 
nephropathy (C) IFNG and diabetic nephropathy (D) IL-1A and diabetic nephropathy (E) IL-20RA and diabetic nephropathy (F) IL-24 and diabetic nephropathy (G) IL-1A 
and diabetic retinopathy (H) IL-20RA and diabetic retinopathy (I) SLAM and diabetic retinopathy (J) STAMBP and diabetic retinopathy (K) IL-20RA and diabetic neuropathy 
(L) IL-24 and diabetic neuropathy (M) SLAM and diabetic neuropathy (N) TNFSF14 and diabetic neuropathy.

Table 2 Results of Sensitivity Analysis of the Causal Relationship Between 91 circulating Inflammatory Cytokines and 
Diabetic Microangiopathy

Exposure Outcome Cochran's Q Test MR Egger Intercept Test MR-PRESSO

Q-IVW p-Value Egger-Intercept p-value p-Value of Global Test

CSF-1 Diabetic nephropathy 6.844 0.941 0.0127 0.575 0.904

IFNG Diabetic nephropathy 10.086 0.344 −0.008 0.739 0.395

IL-1A Diabetic nephropathy 7.820 0.646 0.029 0.211 0.678

IL-20RA Diabetic nephropathy 4.835 0.775 −0.005 0.885 0.774

IL-24 Diabetic nephropathy 7.531 0.481 0.024 0.478 0.543

CLL7 Diabetic nephropathy 13.312 0.578 0.017 0.368 0.599

(Continued)
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(P=0.0007). Additionally, RT-qPCR results also demonstrated that the relative expression of IL-20RA mRNA in the 
PBMCs of DPN patients was remarkably higher than that in the normal population (P<0.0001).

Discussion
Current researches suggest a relationship between diabetic microangiopathy and inflammatory proteins; however, the 
exact causal relationship remains uncertain at the genetic level due to research limitations. In this comprehensive two- 

Table 2 (Continued). 

Exposure Outcome Cochran's Q Test MR Egger Intercept Test MR-PRESSO

Q-IVW p-Value Egger-Intercept p-value p-Value of Global Test

IL-1A Diabetic retinopathy 13.607 0.192 −0.003 0.852 0.185

IL-20RA Diabetic retinopathy 8.311 0.404 −0.007 0.740 0.500

SLAM Diabetic retinopathy 74.809 7.25E-07 −0.005 0.787 <1E-04

STAMBP Diabetic retinopathy 7.682 0.465 −0.039 0.239 0.514

IL-20RA Diabetic neuropathy 6.817 0.557 0.017 0.665 0.623

IL-24 Diabetic neuropathy 3.350 0.911 0.008 0.838 0.894

TNFSF14 Diabetic neuropathy 26.325 0.337 −0.039 0.054 0.316

SLAM Diabetic neuropathy 17.583 0.730 0.013 0.358 0.757

Figure 4 “Leave-one-out” diagram of the effects of 91 circulating inflammatory cytokines on diabetic microangiopathy. (A) CCL-7 and diabetic nephropathy (B) CSF-1 and 
diabetic nephropathy (C) IFNG and diabetic nephropathy (D) IL-1A and diabetic nephropathy (E) IL-20RA and diabetic nephropathy (F) IL-24 and diabetic nephropathy (G) 
IL-1A and diabetic retinopathy (H) IL-20RA and diabetic retinopathy (I) SLAM and diabetic retinopathy (J) STAMBP and diabetic retinopathy (K) IL-20RA and diabetic 
neuropathy (L) IL-24 and diabetic neuropathy (M) SLAM and diabetic neuropathy (N) TNFSF14 and diabetic neuropathy.
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sample MR study, the causal relationship between 91 circulating inflammatory cytokines and common diabetic micro-
vascular complications was explored. As genetically predicted by MR analysis, the levels of 9 different circulating 
inflammatory cytokines may be causally associated with the risk of these diabetic microvascular complications. These 
findings suggest that specific circulating inflammatory cytokines may play a key role in triggering microvascular 
complications in diabetes, and furthermore, IL-20RA was identified as a common risk factor for these three common 
microvascular conditions. In the present study, MR analysis was employed to mitigate the impact of confounding factors, 
which substantially enhanced the precision of research findings. Moreover, the genetic variants used -were derived from 
the largest available GWAS meta-analyses, and the advantage of this large sample size ensures the strength of the 
instrumental variables in MR analyses, as well as the robustness of the study results.

Diabetic nephropathy has been shown as one of the major causes of end-stage renal disease,27 and chronic 
inflammation has been considered as an underlying mechanism of diabetic nephropathy.28–30 The occurrence of 
inflammatory response is tightly associated with the damage of glomerular vascular endothelial cells, disruption of 
glomerular filtration barrier, and leakage of macromolecular proteins.31 As suggested by our research findings, CCL7, IL- 
24, and IL-20RA were potentially associated with an increased risk of diabetic nephropathy, while IL-1A and CSF-1 
appeared to be associated with a reduced risk of diabetic nephropathy. A previous study has revealed that renal 
glomerular macrophage infiltration plays a major role in diabetes nephropathy-induced lipotoxicity, in which CSF-1 

Table 3 Comparison of Baseline Information, IL-20RA Levels and 
Relative Expression Between the Two Groups

Normal Group DPN Group P

Gender Male 13 Female 7 Male 10 Female 10 0.523

Age 56.25±3.94 59.65±5.70 0.035

Disease duration / 9.45±0.48 /

IL-20RA (pg/mL) 481.23±12.66 549.04±13.21 0.0007

IL-20RA mRNA 0.57±0.045 2.00±0.17 <0.0001

Figure 5 Comparison of IL-20RA concentration and relative expression levels between the two groups: (A) Comparison of plasma IL-20RA levels between patients in the 
DPN group and the normal group (B). Relative expression of IL-20RA mRNA in PBMCs of DPN group and the normal group *** represents P<0.001 **** represents 
P<0.0001.
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acts as a preventive factor; treatment with CSF-1 can inhibit the infiltration of glomerular macrophages and urinary 
albumin excretion in hypercholesterolemic diabetic rats.32 IL-1α is a regulator of the immune system and cell differ-
entiation of the interleukin 1 family, The present study identified IL-1α as a protective factor against diabetic nephropathy 
and diabetic retinopathy. Previous studies have found reduced serum IL-1α concentrations in patients with type 1 diabetes 
compared to subjects with normal glucose tolerance.33 Additionally, a related study found that in diabetic retinopathy rats 
have demonstrated significant increases in IL-1β, IL-1RI, IL-RII, and IL-1Ra protein expression in the retinal layer but 
IL-1α was not significantly increased.34 Based on the above findings, it was speculated that elevated levels of IL-1α may 
represent a compensatory response aimed at maintaining body homeostasis in the presence of systemic inflammation. 
IFN-γ is produced by T cells, NK cells and other cells of the immune system and is a classical cytokine of the pro- 
inflammatory immune response of type 1 helper T cells (Th1).35 It has been evidenced that the serum IFN-γ level of 
diabetic nephropathy patients is significantly higher than that of control subjects.36 Transcriptome analysis of the kidneys 
of uninephrectomized db/db mice showed that CXCL16-mediated signal transduction induced by IFN-γ and TNF-α 
between 26 and 35 weeks of age may lead to renal fibrosis, ultimately resulting in severe disease.37 IL-24 is a part of the 
IL-10 family and shares the IL-20RA/IL-20RB and IL-22RA/IL-20RB receptor heterodimers with IL-20 to exert its 
biological activity. IL-24 expression was found to be increased in STZ-induced diabetic nephropathy rats and LPS- 
induced acute kidney injury mice. The in-vitro studies have demonstrated that IL-24 was able to induce transforming 
growth factor β (TGF-β), platelet-derived growth factor-B (PDGF-B), and connective tissue growth factor (CTGF) 
synthesis in HK-2 renal tubular epithelial cells, which suggests that IL-24 may indirectly influence renal myofibroblasts 
by increasing epithelial production of pro-fibrotic growth factors.38 CCL7, also known as monocyte chemotactic protein 
3 (MCP3), is a major cytokine involved in macrophage chemotaxis and activation, CCL7 expression has been found to 
be increased in the kidneys of mice with diabetic nephropathy, this increase may be associated with the progression of 
islet damage and renal fibrosis.39–41

Diabetic retinopathy is a highly tissue-specific neurovascular complication of diabetes mellitus and one of the leading 
causes of blindness worldwide, which affects approximately 103.12 million global individuals.42 Inflammatory responses 
represent one of the core pathogenic mechanisms of diabetic retinopathy. Research has revealed that the retina is in a 
systemic pro-inflammatory environment long before the onset of clinical symptoms, due to enhanced expression of 
various inflammatory chemicals (including cytokines, chemokines, and growth factors) in the retina during the course of 
diabetes.43 According to MR analysis results, STAMBP, SLAM, and IL-20RA were potentially associated with an 
increased risk of diabetic retinopathy, while interleukin IL-1A was associated with a reduced risk of diabetic retinopathy. 
SLAM, also known as CD150, is a glycoprotein expressed on the surface of T cells, B cells, natural killer cells and 
dendritic cells. Currently, there is no study proving the correlation between CD150 and the development of diabetic 
retinopathy as well as diabetic neuropathy. However, a previous study has indicated that the CD150 expression is 
increased in retinal adipose tissue of subjects with severe obesity and insulin resistance.44 Hence, it is hypothesized that 
the potential relationship between CD150 and diabetic retinopathy may be related to insulin resistance. STAMBP is a 
JAMM family deubiquitinating enzyme that regulates the stability of substrate proteins in cells by cleaving the ubiquitin 
portion of the molecule; proteomics and other research techniques have shown that STAMBP appears to exhibit high 
expression in various diseases as an inflammatory biomarker, including breast cancer, ischemic stroke, and autism.45–47 

However, the expression of STAMBP in diabetic retinopathy has not yet been reported.
Long-term mild inflammation has been found to have a significant negative impact on the pathogenesis of diabetic 

neuropathy.48 In the present study, MR analysis results indicated a potentially positive association between IL-24, IL- 
20RA, and SLAM and the risk of diabetic neuropathy, while TNFSF14 is negatively related to the risk of diabetic 
neuropathy. TNFSF14, also known as LIGHT or CD258, is a type II transmembrane protein expressed mainly on 
activated T lymphocytes and other immune cells, which has been widely demonstrated to be an important regulator of 
immune and fibrotic diseases.49 Previous studies have identified that TNFSF14 prevents high-fat diet-caused obesity and 
prediabetes; treatment of human primary adipocytes with TNFSF14 effectively inhibits adipocyte differentiation and 
accumulation.50,51 However, in vivo ablation of TNFSF14 can promote high-fat diet-induced obesity, glucose intoler-
ance, insulin resistance, hyperinsulinemia, hepatic steatosis, and adipocyte hypertrophy and inflammation.52 These results 
further support our findings that TNFSF14 may be a protective factor against diabetic neuropathy. IL-24 proteins were 
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found to widely expressed in the brain and peripheral nervous tissues of mammals, and it can enhance T currents by 
stimulating the coupling of IL-22R1 with tyrosine protein kinase Lyn-dependent protein kinase A (PKA) signaling 
transduction, leading to excessive excitation of trigeminal ganglion TG neurons and pain hyperalgesia.53

MR analysis in this study identified IL-20RA as a common risk factor for these three types of diabetic microvascular 
complications. IL-20RA, located in the chromosomal region 6q23, is a subunit of the IL-10 (including IL-19, IL-20, IL- 
22, IL-24, and IL-26) family member IL-20RA/IL-20RB receptor dimer.54 It can activate the JAK/STAT signaling 
pathway, leading to downstream cascade reactions and regulating the expression of various genes involved in immune 
responses, cell growth, and angiogenesis, which are closely related to the occurrence of autoimmune diseases and 
tumors.55 Studies have demonstrated the upregulation of IL-20 expression is observed in the serum of patients with 
diabetic nephropathy and in the kidneys of streptozotocin-induced diabetic mice. IL-20 may cause podocyte apoptosis 
directly or indirectly by triggering mesangial cells to produce ROS in the microenvironment of the glomerulus. IL-20RA 
is also highly expressed in the kidneys of diabetic mice. IL-20RA-deficient diabetic mice show improved renal function, 
reduced blood glucose levels, and higher survival rates relative to wild-type STZ-induced early diabetic nephropathy 
mice. This indicates that the IL-20/IL-20RA axis may play a crucial role in mediating inflammatory responses during the 
progression of diabetic nephropathy.56,57 This study is the first to discover a causal relationship between IL-20RA and 
diabetic retinopathy. In a previous study, immunofluorescence staining identified the expression of IL-20 and its receptor 
IL-20RA in the basal epithelial cells of the injured corneal limbus, as well as in the retina and optic nerve head in the 
DBA/2J mouse model of glaucoma.58 Currently, there is limited documentation on the expression of IL-20RA in neural 
tissues. Research has indicated that the IL-20RA protein is highly expressed in human brain microvascular endothelial 
cells and may signal through IL-20RB at the blood-brain barrier, thereby triggering neuroinflammation.59 The increase of 
IL-20 in the skin can act on the upregulated IL-20RA in sensory neurons, leading to neuronal hyperalgesia.60 According 
to ELISA and RT-qPCR experiment results, the present study found that IL-20RA expression in the blood of patients 
with diabetic peripheral neuropathy was remarkably higher than that in the normal subjects. However, the specific action 
mechanism of IL-20RA still requires further research.

Inevitably, there are still some certain limitations in this study. Firstly, inthis research, the use of GWAS summary 
data instead of raw data precludes the exploration of potential stratification effects or nonlinear relationships that may 
arise from differences in specific subtypes, age, disease duration, and gender of diabetic nephropathy, diabetic retino-
pathy, and diabetic neuropathy, which could lead to heterogeneity. Secondly, the two-sample MR analysis method is a 
theoretical approach for causal relationship analysis, and the biological pathways and functional roles of circulating 
inflammatory cytokines in diabetic microvascular complications have not yet been fully elucidated. Further validation 
using advanced techniques (such as single-cell RNA sequencing, proteomics, and gene editing in cellular and animal 
models) is needed. Additionally, considering that diabetic neuropathy is the most prevalent chronic complication of 
diabetes,61 only the expression of IL-20RA in patients with diabetic peripheral neuropathy was examined. In future 
studies, the population should be expanded to include patients with other diabetic microvascular complications to 
enhance the generalizability of the research findings.

Conclusion
In summary, the present study investigated the causal relationships between circulating inflammatory cytokines and three 
common microvascular complications of diabetes utilizing large GWAS datasets and MR studies, thereby minimizing the 
impact of confounding factors and biases due to reverse causality. A total of 6, 4, and 4 circulating inflammatory 
cytokines associated with diabetic nephropathy, diabetic retinopathy, and diabetic neuropathy were identified, separately. 
It was found that IL-20RA was a common risk factor for all three diabetic microangiopathies. Relevant research findings 
have confirmed our discoveries, while some results still require further investigation. In the future, more research is 
necessary to verify the exact role of specific circulating inflammatory cytokines in the pathogenesis of these diabetic 
microvascular complications, and to better understand the underlying disease mechanisms.
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