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Abstract
Background
Studies have shown that RASGRP1 was potently associated with the onset of type 2 diabetes mellitus (T2DM), and RASGRP1 rs7403531 was significantly correlated with islet function in T2DM patients. However, the effect of RASGRP1 polymorphism on blood glucose and blood pressure in T2DM patients after continuous treatment has yet to be fully elucidated.

Objective
This study aimed to explore the association between RASGRP1 genetic polymorphism and cardiovascular complications in T2DM patients, so as to provide more evidence for the individualized treatment of T2DM patients.

Methods
We retrospectively analyzed a large-scale multicenter drug clinical study cohort that based on a 2 × 2 factorial (glucose control axis and blood pressure lowering axis) randomized controlled design, with follow-up for 5 years. The major vascular endpoint events included cardiovascular death, non-fatal stroke, coronary heart disease, new-onset or worsening renal disease, and diabetic retinopathy. RASGRP1 rs12593201, rs56254815 and rs7403531 were finally selected as candidate single nucleotide polymorphisms. Mixed linear model and Cox hazard ratio (HR) model were used for data analysis with IBM SPSS (version 20.0 for windows; Chicago, IL).

Results
Our study enrolled 1357 patients with high-risk diabetes, with a mean follow-up duration of 4.8 years. RASGRP1 rs7403531 was associated with vascular events in hypoglycemic and antihypertensive therapy. Specifically, compared with CC carriers, patients with CT/TT genotype had fewer major microvascular events (HR = 0.41, 95% confidence interval (CI) 0.21–0.80, P = 0.009), and reduced the risk of major eye disease events (HR = 0.44, 95% CI 0.20–0.94, P = 0.03). For glucose lowering axis, CT/TT carriers had a lower risk of secondary nephropathy (HR = 0.48, 95% CI 0.25–0.92, P = 0.03) in patients with standard glycemic control. For blood pressure lowering axis, all cerebrovascular events (HR = 2.24, 95% CI 1.11–4.51, P = 0.025) and stroke events (HR = 2.07, 95% CI 1.03–4.15, P = 0.04) were increased in patients with CC genotype compared to those with CT/TT genotype in the placebo group, respectively. Furthermore, patients with CC genotype showed a reduced risk of major cerebrovascular events in antihypertensive group (HR = 0.36, 95% CI 0.15–0.86, P = 0.021). For RASGRP1 rs56254815, compared with the AA genotype carriers, the systolic blood pressure of AG/GG carriers in the antihypertensive group decreased by 1.5mmhg on average (P = 0.04). In the placebo group, the blood pressure of AG/GG carriers was 1.7mmHg higher than that of AA carriers (P = 0.02).

Conclusion
We found that patients with G allele of RASGRP1 (rs56254815) showed a better antihypertensive therapy efficacy in T2DM patients. The rs7403531 T allele could reduce the risk of major microvascular events and major eye diseases in T2DM patients receiving either hypoglycemic or antihypertensive therapy. Our findings suggest that RASGRP1 genetic polymorphism might predict the cardiovascular complications in T2DM patients.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12933-024-02267-2 .
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Introduction
Type 2 diabetes mellitus (T2DM) is a complex metabolic disease with rapidly increasing prevalence worldwide. Characteristics of T2DM include long-term elevation of blood glucose levels due to reduced insulin secretion by pancreatic islet cells and insulin resistance in peripheral tissue [1, 2]. Persistent hyperglycemia can trigger a pathological cascade that leads to more serious diseases such as cardiovascular disease, renal failure, metabolic syndrome, or hormonal dysfunction [3].
In addition to well-known risk factors such as overweight, unhealthy lifestyle, metabolic changes, previous diagnosis of gestational diabetes, or family history of cardiovascular disease, genetic variations also play an important role in T2DM, with estimates ranging from 20 to 80%. So far, genome-wide association studies (GWAS) have identified at least 75 loci associated with T2DM or its traits, but there was no breakthrough in the understanding of the pathological mechanism of the disease or drug therapy [4, 5]. Moreover, these genetic variations explain only 10–15% of the genetic probability of this diseases [6], and the study of genetic mechanisms is still an area of concern.
At present, there is increasing evidence that T2DM can also be defined as an auto-inflammatory disease, in which immune dysregulation disrupts insulin production in pancreatic islet beta cells and signal transduction to target tissues [7, 8]. This overturns the traditional understanding of diabetes, suggesting that genes regulating immunity may influence the process of T2DM. RASGRP1 is a guanine nucleotide exchange factor (GEF) that activates RAS protein through the conversion of GDP to GTP initiate a cascade reaction of RAF/MEK/ERK signaling pathway downstream [9]. In its protein structure, RASGRP1 has an atypical pair of “EF” arms that bind to calcium ions and a diacylglycerol (DAG) binding domain (Fig. 1A). Studies have shown that these two special domains are crucial for the function of RASGRP1 protein [10]. RASGRP1 is well known for regulating the immune response of T cells, B cells and other lymphocytes through the signaling cascade of RAS/RAF/MEK/ERK, influencing the progression of a large number of immune diseases such as acute leukemia (AML), solid tumors, lupus erythematosus (SLE) and their drug therapy [11]. Recent studies have shown that multiple single nucleotide polymorphisms (SNPs) in RASGRP1 gene were related to type 2 diabetes mellitus (T2DM) [12, 13], suggesting that RASGRP1 may drive the process of T1DM through immunity, but whether it is also through a similar possible mechanism for T2DM is unclear.
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Fig. 1A The atypical “EF” pair of RASGRP1 binds to calcium ions with a diacylglycerol (DAG) binding domain B Overview of DNA sample collection and random grouping of participants


In recent years, many studies have reported that RASGRP1 was strongly associated with cardiovascular diseases and metabolic diseases [14]. Studies on European populations have found that RASGRP1 is negatively correlated with HbA1c [15]. A number of studies have identified rs7403531, a site located in the RASGRP1 gene intron 2, as a new susceptibility site for T2DM in Chinese populations [16, 17], which has been verified in European populations derived from the DIAbetes Genetics Replication And meta-analysis (DIAGRAM) consortium data [18]. However, there is no linkage disequilibrium between this site and known susceptible sites of T1DM, suggesting that the pathogenesis of rs7403531-associated signal driving T2DM may be different from that of T1DM. RASGRP1 expressed by cardiomyocytes mediates the phosphorylation of p38 MAPK and the expression of periostin induced by Angiotensin II (AngII) [19]. Inhibiting the expression of RASGRP1 may contribute to the improvement in heart failure. RASGRP1 expressed in the kidney mediates the functional inhibition and expression of sodium-chloride co-transporter (NCC) in the distal convoluted tubule (DCT) cells induced by PE through the MAPK signaling pathway [20, 21]. NCC is an important protein regulating blood pressure and a major target of thiazine antihypertensive drugs. This suggests that RASGRP1 is not only associated with the onset of T2DM, but also with the cardiovascular prognosis of T2DM treatment.
Many genetic variants that affect the susceptibility to T2DM are associated with the risk of vascular events [22], prompting us to explore the association between these reported pathogenic gene polymorphisms and vascular complications of T2DM. Previous studies in our research group have also found that TRIB3 rs2295490, POLR2A rs71541942, ATF6 rs12086247, SMARCD3 rs58125572 and other gene polymorphisms were significantly correlated with vascular complications under different hypoglycemic or hypertensive treatment modes [23, 24]. Based on previous research strategies and a large T2DM clinical trial cohort, we conducted an association study between common genetic variations of RASGRP1 and vascular complications under hypoglycemic or hypertensive therapy, aiming to understand the genetic effects of T2DM on drug therapy from a more comprehensive perspective.

Methods
Study design and patients
We conducted a retrospective study on the cohort from Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE) clinical trial at 61 centers in China, with a follow-up period of 5 years. Approval to conduct the trial was obtained from the ethics committee of each study center, and all participants provided written informed consent (registration number NCT00145925). Detailed rationale, design, follow-up schedule and clinical endpoints of ADVANCE trial have been described in previous studies [25].
In brief, it was a 2 × 2 factorial randomized controlled trial. Patients with T2DM were randomly (1:1) assigned to receive perindopril-indapamide or matching placebo for blood pressure control, and modified-release gliclazide based intensive or local standard therapy for glycaemic control. For blood pressure control, participants were treated for 6 weeks as run-in period with combination of perindopril and indapamide, then randomly grouped into fixed combination regimen (perindopril/indapamide, initially 2.0/0.625 mg daily, increasing to 4.0/1.25 mg daily after 3 months) or matching placebo. For hypoglycemic control, an open label, randomized protocol was implemented to an intensive glucose control or to local standard therapy based on local guidelines. The intensive glucose control was defined as the use of gliclazide modified release-based regimen (30–120 mg daily) and other oral agents, then insulin aiming for a HbA1c value of 6.5% or lower. The local standard treatment was defined as the patients who continue with their usual glucose control regimens, which may include any therapy except the use of gliclazide.
The major vascular endpoints include death from cardio-cerebral vascular diseases, nonfatal stroke or nonfatal myocardial infraction, and new or worsening renal or diabetic eye disease. Other vascular events such as cerebrovascular events (include death due to cerebrovascular disease, stroke, transient ischemic attack, and subarachnoid hemorrhage), coronary events (include myocardial infarction, angina pectoris, myocardial ischemia, and sudden death), heart disease (coronary heart disease, heart failure, atrial fibrillation), new or worsening microalbuminuria, and visual deterioration were also evaluated both jointly and separately. In our study, there was no other pre-specified criterion for the levels of blood pressure, HbA1c or other baseline clinical characteristics at entry.

SNP selection and genotyping
Candidate tag SNPs of RASGRP1 were initially selected based on literature, the database from NCBI (https://​www.​ncbi.​nlm.​nih.​gov/​snp/​), the 1000 Genomes Project (https://​www.​ncbi.​nlm.​nih.​gov/​variation/​tools/​1000genomes/​), and the Haploview 4.2 (Cambridge, MA, USA). Moreover, all of the selected SNPs had a minimum allele frequency > 5% in the Southern Han Chinese population. The SNPs rs12593201, rs56254815 and rs7403531 were genotyped by SNPscan™ (Genesky Biotechnologies, Shanghai, China). To evaluate the accuracy of the genotyping results, 5% of samples were genotyped in duplicate and showed 100% concordance. At last, a total of 1357 patients from 61 clinical centers were successfully genotyped.
Primer information for sequencing: rs12593201, 5F1-Seq: CATGGTAACAGGCACTACTGGTGTCTATATCC; 5F2-Seq: CATGGTAACAGGCACTACTGGTGTCTATACCT; 3 F-Seq: AAGCTTTTGTTGAGTATGTTTTCATAAGTTTG. rs56254815 5F1-Seq: GGTTTCCTTCCCACTTGAGCTAGAGTGC; 5F2-Seq: GGTTTCCTTCCCACTTGAGCTAGAGTGT; 3 F-Seq: AAAATGAAGGAAAATAAAGGAATGTCACC, rs7403531 5F1-Seq: CCATCTCAACTTTCCTTTATGGCTTGC; 5F2-Seq: CCATCTCAACTTTCCTTTATGGCTCGT; 3 F-Seq: TAGCATCTTCCCATAGATACTCATATGTGA.

Statistical analysis
Continuous data were presented as mean values ± standard deviation (SD) or mean (inter-quartile range, IQR), and frequencies or percentages for categorical variables. The Hardy–Weinberg equilibrium (HWE) for the study participants was assessed with the χ2-test. Comparisons of difference in baseline characteristics among the phenotypes were performed by independent-samples t-test or Wilcoxon rank sum test, appropriately. Mixed linear model was performed in plasma glucose, lipid levels and blood pressure between RASGRP1 genotype with adjustment for sex, age, duration of the disease, body mass index (BMI), combined medication and drug dosage. Cox proportional hazards models were used to investigate the relationship between genetic variation and the risk of vascular events, adjusting for history of vascular disease, baseline sex, age, duration of the disease, combined medication, drug dosage and clinical biochemical factors (i.e., potassium concentration and low-density lipoprotein). The cumulative risk of vascular related events was calculated as (1−hazard ratio [HR]) × 100%. Three genetic models (additive, dominant, and recessive genetic models) were used to test any differences of categorical variables and quantitative variables among the four treatment groups. A two-tailed P-value < 0.05 was considered significant. All the analyses were performed with IBM SPSS (version 20.0 for windows; Chicago, IL).


Results
Baseline characteristics, genotyping results and outline of Major findings
We obtained 1500 peripheral venous blood samples in patients with T2DM from ADVANCE (China center), of which 132 (8.8%) samples were rejected due to sample quality and 11 (0.7%) samples were not genotyped successfully. Since typing errors can significantly reduce the degree of linkage disequilibrium between this site and other linkage sites, we intuitively estimated the overall quality of experimental data by constructing LD map of RASGRP1 gene (Supplement Fig. 1). The overall distribution scheme of the experiment was shown in Fig. 1B. A total of 1357 DNA samples were successfully genotyped for RASGRP1 rs12593201, rs56254815, rs7403531. All of the sites were in Hardy-Weinberg equilibrium among random groups (Supplementary Table 1). In hypoglycemic therapy, there was no significant difference in the clinical baseline characteristics between the standard hypoglycemic group and the intensified hypoglycemic treatment group, and there was no significant difference between the antihypertensive treatment group and the placebo group (Supplementary Table 2).
Effects ofRASGRP1polymorphism on blood glucose and vascular complications in hypoglycemic therapy.
During the follow-up period, the mean HbA1c of patients in the intensive hypoglycemic treatment group was 6.77%, while that of the standard hypoglycemic group was 7.37%. We evaluated three gene models (dominant, recessive, additive) and used the results of the dominant model finally. For RASGRP1 12,593,201, the mean HbA1c level was 6.78% vs. 6.77% in the enhanced hypoglycemic group, and 7.29% vs. 7.42% in the standard glycemic control group (GG vs. GA/AA). For RASGRP1 rs56254815, the mean HbA1c level was 6.74% vs. 6.82% in the enhanced hypoglycemic group, and 7.36% vs. 7.37% in the standard glycemic control group (AA vs. AG/GG). For RASGRP1 rs7403531, the mean HbA1c level was 6.76% vs. 6.78% in the enhanced hypoglycemic group, and 7.31% vs. 7.40% in the standard glycemic control group (CC vs. CT/TT). After the analysis of the mixed linear model, we found that the genetic variation of RASGRP1 had no significant effect on the hypoglycemic effect in either the intensive hypoglycemic group or the standard hypoglycemic group (Fig. 2). In addition, fasting blood glucose (FPG) had similar trend with HbA1c during the follow-up period between different genotypes in each point, but also no statistical differences (data not shown).
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Fig. 2Effect of RASGRP1 gene variation on HbA1c (%) level. A–C were the responses of patients with T2DM to rs7403531, rs12593201 and rs56254815 under the enhanced hypoglycemic (left) and standard hypoglycemic (right) modes, respectively. Data were expressed as mean ± SEM, P values were estimated by the mixed linear model, and were adjusted according to baseline gender, age, course of disease, body mass index (BMI), different genotypes at the time of visit and drug dose


During follow-up period, 225 patients with T2DM developed major macrovascular and/or microvascular events. Among the three sites rs56254815 (Supplementary Table 3), rs7403531 (Supplementary Table 4), rs12593201 (Supplementary Table 5), rs7403531 was mainly closely associated with vascular events. In all patients, there were a total of 126 microvascular events, and the number of major microvascular events was 49 (7.1%) in patients who received intensive hypoglycemic therapy. The number of major microvascular events was 77 (11.5%) in patients who received standard oral glucose-lowering therapy. Compared with the standard hypoglycemic, intensive glucose control reduced major microvascular events (HR = 0.61, 95% confidence interval (CI) 0.42–0.89, P = 0.011) (Fig. 3A). The number of major microvascular events in rs7403531 CT/TT carriers was 71 (8.5%), and the number of such vascular events in CC carriers was 55 (10.6%). Major microvascular events were reduced in CT/TT genotype carriers compared with CC carriers (HR = 0.41, 95% CI 0.21–0.80, P = 0.009) (Fig. 3A). This suggests that intensive glucose-lowering in type 2 diabetic patients can reduce the risk of major microvascular events, while RASGRP1 rs7403531 CT/TT carriers are less likely to cause major microvascular events.
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Fig. 3Effect of RASGRP1 (rs7403531) gene variation on cumulative risk at clinical endpoints according to glycemic control strategies. A–E, G display major microvascular events, major retinopathy events, minor retinopathy events, major nephropathy events, minor nephropathy events, all microvascular events, and all combined macroscopic and microscopic vascular events.The vertical line represents additional information about microvascular events (diabetic nephropathy and retinopathy) at 24 and 48 months of follow-up.The time of the event was recorded as the follow-up date.The therapeutic effects of RASGRP1 (rs7403531) CC and CT/TT genotypes (hazard ratio and p value) were treated with a backward LR survival-cox regression model, and the baseline data were corrected


As can be seen from Supplementary Table 6, RASGRP1 rs7403531 was closely related to eye disease events. We observed that CT/TT carriers who received intensive hypoglycemic therapy had a reduced risk of major eye disease events (HR = 0.44, 95% CI 0.20–0.94, P = 0.03), but an increased risk of minor eye disease (HR = 1.41, 95% CI 1.00–2.00, P = 0.05) compared with rs7403531 CC carriers. At the same time, in these gene carriers, the number of secondary eye disease events increased with intensive hypoglycemic therapy compared with standard therapy (HR = 1.54, 95% CI 1.12–2.12, P = 0.008) (Fig. 3B and C).
Nephropathy-related vascular events were another complication associated with rs7403531 during hypoglycemic therapy. Among all T2DM patients, 33 (4.8%) patients in the intensive hypoglycemic group had major nephropathy events, while 60 (9.0%) patients in the standard group had major nephropathy events. Compared with standard hypoglycemic, intensive hypoglycemic reduced major kidney disease events (HR = 0.55, 95% CI 0.35–0.85, P = 0.007). and in all the T2DM patients, the number of major renal events in CC carriers was 37 (7.2%), while the number was 56 (6.7%) in CT/TT genotype patients, there were no significant differences between the two genotypes carriers (HR = 0.66, 95% CI 0.39–1.10, P = 0.11). CT/TT carriers had a lower risk of secondary nephropathy in the standard glucose-lowering group (HR = 0.48, 95% CI 0.25–0.92, P = 0.03) (Fig. 3D and E).
Combined with all microvascular events, we found that rs7403531 CT/TT genotype carriers in the intensive hypoglycemic group increased the risk of all microvascular events (HR = 1.35, 95% CI 1.01–1.81, P = 0.04). And for CT/TT genotype carriers, intensive hypoglycemic control increased the risk of all microvascular events (HR = 1.30, 95% CI 1.00-1.68, P = 0.04). In the standard glucose-lowering group, the CT/TT genotype carriers had a reduced risk of all microvascular events (HR = 0.73, 95% CI 0.54–0.98, P = 0.04). When we combined all the microvascular events and major vascular events, we found that in the intensive hypoglycemic group, CT/TT genotype carriers would also increase the risk of all macrovascular events (HR = 1.32, 95% CI 1.03–1.71, P = 0.03), and in the standard hypoglycemic group, CT/TT genotype carriers had a reduced risk of all macrovascular event (HR = 0.71, 95% CI 0.55–0.93, P = 0.01). Consistent with this, intensive hypoglycemic increased the risk of such events in CT/TT patients (HR = 1.37, 95% CI 1.09–1.73, P = 0.007) (Fig. 3F and G). It was suggested that intensive hypoglycemic therapy would increase the risk of vascular events in RASGRP1 rs7403531 CT/TT patients, while on the contrary, standard hypoglycemic therapy would benefit patients in terms of vascular complications.
Effects ofRASGRP1polymorphism on blood pressure and vascular complications in antihypertensive therapy.
During follow-up period, the systolic blood pressure (SBP) and diastolic blood pressure (DBP) values were 133.6mmHg and 75.2mmHg, respectively, in the T2DM patients treated with perdoperine-indapamide tablets. The mean SBP of the placebo matched group was 137.3mmHg and the mean DBP was 76.5mmHg. For RASGRP1 rs7403531, SBP increased by an average of 2.2 mmHg in CT + TT genotype patients compared with CC genotype carriers in the antihypertensive group, and by an average of 0.4 mmHg in the placebo group (without significant difference) (Fig. 4A). For RASGRP1 rs12593201, the SBP of GA + AA carriers increased by an average of 1.3mmHg compared with the GG carriers of RASGRP1 (rs12593201) in the antihypertensive group (Fig. 4B). Also in the placebo group, there was no difference in SBP between the two genotypes. For RASGRP1 rs56254815, compared with AA genotype carriers of RASGRP1 rs56254815, SBP of AG/GG carriers decreased by 1.5 mmHg on average (P = 0.04), and DBP decreased by 1.1 mmHg on average in the antihypertensive group. In the placebo group, the blood pressure of AG/GG carriers increased by 1.7mmHg (P = 0.02) compared with that of AA carriers (Fig. 4C). There was no significant difference in DBP between genotypes for any of the three sites, either in the active antihypertensive group or the placebo group (data not shown). The above results suggested that patients with RASGRP1 rs56254815 AG/GG genotype had better response to antihypertensive therapy.
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Fig. 4Effect of RASGRP1 genetic variation on systolic blood pressure response during follow-up between perindopril/indapamide treatment group and placebo group. A–C respectively represent the different responses of rs7403531, rs12593201 and rs56254815.Data were expressed as mean ± SEM, P values were estimated using a mixed linear model, and baseline gender, age, course of disease, body mass index (BMI), combined drugs and drug dose were corrected. The first 6 weeks were the elution period


In order to explore the effect of antihypertensive therapy on the prognosis of T2DM patients, we performed the same analysis on vascular complications in the targeted subgroup of antihypertensive therapy. It was found that rs7403531, rs56254815 and rs12593201 were significantly correlated with vascular complications after antihypertensive therapy (Supplementary Tables 6–9). According to the results of Supplement Fig. 1, there was a linkage disequilibrium between rs7403531 and rs12593201 (D ‘=0.913, r2 = 0.763), and the correlation between rs12593201 and vascular events may be caused by the linkage disequilibrium between rs7403531 and rs12593201. In our detailed analysis of rs7403531, we found that in the placebo group, compared with patients with CT/TT genotype, all cerebrovascular events increased in CC genotype patients (CC vs. CT/CC: HR = 2.24, 95% CI 1.11–4.51, P = 0.025). For blood pressure lowering axis, there was no significant difference in the occurrence of cerebrovascular events risk between CC and CT/TT genotypes (HR = 0.98, 95% CI 0.44–2.16, P = 0.96). Active antihypertensive therapy in CC patients resulted in approximately reduced risk of all cerebrovascular events. (antihypertensive therapy vs. placebo: HR = 0.47, 95% CI 0.21–1.03, P = 0.06) (Fig. 5A). We also found that antihypertensive therapy for CC patients reduced the risk of major cerebrovascular events (HR = 0.36, 95% CI 0.15–0.86, P = 0.021) (Fig. 5B). This suggested that patients with RASGRP1 rs7403531 CC genotype were more likely to trigger cerebrovascular events, and active antihypertensive therapy for this part of the population would reduce the risk of cerebrovascular events.
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Fig. 5Effect of RASGRP1(rs7403531) genetic variation on clinical outcomes of coronary heart disease during follow-up between perindopril/indapamide treatment group and placebo group. The P values were estimated by the backward LR survival-cox regression model and the baseline data were corrected. A−F represent the cumulative incidence of all cerebrovascular events, major cerebrovascular events, all stroke events, all coronary heart disease events, new or worsening renal events, and new or worsening eye events, respectively


In the placebo group, patients with rs7403531 CC genotype have an increased number of stroke events compared with CT/TT genotype (HR = 2.07, 95% CI 1.03–4.15, P = 0.04), and antihypertensive therapy in these patients resulted in a reduced risk of all strokes (HR = 0.35, 95% CI 0.15–0.84, P = 0.019) (Fig. 5C). However, the results of coronary heart disease events were opposite. In the placebo group, compared with CT/TT genotype patients, CC genotype patients have lower risk of coronary heart disease events (HR = 0.48, 95% CI 0.23-1.00, P = 0.049) (Fig. 5D). This suggested that the rs7403531 CC genotype was inconsistent in the prognosis of cardiovascular events and cerebrovascular events, which might be related to the different mechanisms of its function in different tissues.
We also observed no significant effect of various treatments on major renal events (Fig. 5E). In the placebo group, CC genotype carriers have a higher risk of developing major eye diseases compared to CT + TT genotype carriers (HR = 2.39, 95% CI 1.07–5.30, P = 0.033) (Fig. 5F). For both CC genotype (HR = 0.74, 95% CI 0.33–1.69, P = 0.48) and CT/TT genotype (HR = 0.55, 95% CI 0.22–1.35, P = 0.19) patients, antihypertensive therapy did not alter the risk of major eye disease events.


Discussion
For patients with T2DM complicated with hypertension, comprehensive control of blood lipid, blood pressure and blood glucose level are extremely important to reduce the risk of vascular disease in diabetics [26]. In this study, a 2 × 2 factorial design was used to explore the effectiveness of hypoglycemic treatment and antihypertensive treatment in all enrolled patients. In our cohort, T2DM patients receiving intensive glucose therapy were treated with metformin, insulin, glucosidase inhibitors and other glucose-lowering drugs to achieve HbA1c levels below 6.5%, in addition to gliclazide sustained release tablets. However, for T2DM patients receiving standard blood glucose regimen, the final overall HbA1c level remain above 7.0% according to the Chinese guidelines for diabetes prevention and treatment and the clinical practice by using metformin, sulfonylureas (except glycolide), insulin and other conventional hypoglycemic drugs. As depicted in Fig. 2, in the study model of hypoglycemic therapy, the genetic variation of the three candidate sites of RASGRP1 did not significantly impact the HbA1c level of patients in all subgroups undergoing hypoglycemic therapy. Previous studies have shown that compared with non-diabetic or normal blood glucose group, diabetic or hyperglycemia group had lower RASGRP1 expression level, while RASGRP1 expression level was negatively correlated with HbA1c [15]. Nonetheless, the absence of association between RASGRP1 rs7403531 and HbA1c levels suggests that this locus is unlikely to influence the gene expression regulation.
In our study, we examined three candidate SNPs within the RASGRP1 gene, all of which exhibited MAF greater than 5% and were located in intron regions of RASGRP1. Our analysis revealed no significant association between these SNPs and HbA1c levels in each treatment mode. Notably, two of these SNPs, excluding rs56254815, demonstrated a significant association with vascular complications in T2DM patients. Furthermore, a linkage disequilibrium analysis indicated that rs12593201 and rs7403531 were in strong linkage disequilibrium, suggesting a similar impact on the risk of vascular concurrent events among carriers. rs7403531 has been proved to be correlated with T2DM in a number of correlation studies in Chinese population [16–18]. Our findings indicated that rs7403531 played an important role in the pathogenesis of T2DM or in drug treatment model. We found that RASGRP1 rs56254815 AG/GG carriers exhibited a higher SBP. Such genotype carriers can receive better curative effect after receiving antihypertensive treatment.
In the hypoglycemic analysis model, our data showed that compared with the standard hypoglycemic, intensive glucose control reduced 5.6% main nephropathy and 4.4% main microvascular events, which was far from achieving UKPD research 25% [27], indicating that intensive glucose control of T2DM patients benefits less remarkable than most people think. In the whole enrolled population, the major microvascular events in rs7403531 CT/TT genotype carriers were decreased compared with CC genotype carriers, indicating that CT/TT genotype carriers were less likely to cause major microvascular events. Intensive hypoglycemic therapy resulted in a reduced risk of major eye events in CT/TT genotype carriers, and the T allele was a beneficial gene. In the standard glucose-lowering group, the T allele also benefited patients with secondary renal disease risk. In addition,, we also observed that enhanced glucose lowering increased the risk of secondary eye diseases such as vision loss, and that enhanced glucose lowering was more likely to occur in T allele carriers. In the combined analysis of all microvascular and macrovascular events, we found that carriers of the T allele increased the risk of all major microvascular events in the intensive hypoglycemic group, while in the standard hypoglycemic group, the risk of all major microvascular events was decreased. These findings suggest that in clinical practice, appropriate hypoglycemic treatment methods should be selected according to patients’ maximum benefit orientation based on comprehensive measurement. Intensive hypoglycemic treatment can benefit patients to some extent but increase the risk of alternative events. RASGRP1 rs740353 T allele increased the risk of all vascular events overall, yet it provided advantages in terms of major microvascular event.
In the antihypertensive analysis model, genetic variation of rs7403531 did not affect the efficacy of antihypertensive therapy. In the placebo group, compared with CT/TT genotype patients, CC genotype patients increased incidence of major eye events, stroke, and all cerebrovascular events, and aggressive antihypertensive treatment for CC genotype patients nearly reduced the risk of all cerebrovascular events. This suggests that CC genotype carriers were at high risk for T2DM with cerebrovascular events and should be actively treated with antihypertensive therapy. Nonetheless, these CC genotype patients presented a lower risk for concomitant coronary heart disease. Functionally, in myocardial tissue, RASGRP1 mediates angiotensin П-induced phosphorylation of p38 MAPK and expression of periostin protein [19], inhibiting the expression of RASGRP1 in the heart may help improve heart failure. Conversely, in brain tissue, phospholipase-c gamma activates Ras on golgi through RASGRP1 to induce the differentiation of nerve cells, the transformation of fibroblasts and radiation resistance and other physiological processes [28], and RASGRP1 is beneficial for brain function. This indicates the tissue-specific role of RASGRP1, emphasizing that reasonable intervention in patients with different genotypes of rs7403531 contributes to the long-term prognosis of the disease.
In conclusion, our primary findings included: (1) RASGRP1 rs56254815 polymorphism was associated with antihypertensive efficacy. Compared with AA genotype carriers, AG/GG genotype T2DM patients had a higher blood pressure, and these patients showed better efficacy in antihypertensive therapy. (2) rs7403531 CC genotype patients were more likely to cause major eye diseases, cerebrovascular events, and stroke events, while coronary heart disease events are less likely to occur. For CC genotype patients, moderate antihypertensive treatment can be conducted. (3) Intensive hypoglycemic therapy could reduce major microvascular events, including major nephropathy. (4) rs7403531 T allele could reduce the risk of major microvascular events and major eye diseases, but intensive hypoglycemic lowering can increase the risk of overall vascular events in such carriers. Our findings may provide novel insight for personalized treatment for T2DM patients in clinic. However, the specific mechanism of RASGRP1 genetic variation that affecting vascular complications in T2DM patients remains to be studied.
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