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Objectives

Chronic low-grade inflammation is widely recognized as a pathophysiological defect contributing to β-cell failure in type 2 diabetes mellitus (T2DM). Statin therapy is known to ameliorate CD8+ T cell senescence, a mediator of chronic inflammation. However, the additional immunomodulatory roles of ezetimibe are not fully understood. Therefore, we investigated the effect of statin or statin/ezetimibe combination treatment on T cell senescence markers.





Methods

In this two-group parallel and randomized controlled trial, we enrolled 149 patients with T2DM whose low-density lipoprotein cholesterol (LDL-C) was 100 mg/dL or higher. Patients were randomly assigned to either the rosuvastatin group (N=74) or the rosuvastatin/ezetimibe group (N=75). The immunophenotype of peripheral blood mononuclear cells and metabolic profiles were analyzed using samples from baseline and post-12 weeks of medication.





Results

The fractions of CD8+CD57+ (senescent CD8+ T cells) and CD4+FoxP3+ (Treg) significantly decreased after intervention in the rosuvastatin/ezetimibe group (−4.5 ± 14.1% and −1.2 ± 2.3%, respectively), while these fractions showed minimal change in the rosuvastatin group (2.8 ± 9.4% and 1.4 ± 1.5%, respectively). The degree of LDL-C reduction was correlated with an improvement in HbA1c (R=0.193, p=0.021). Changes in the CD8+CD57+ fraction positively correlated with patient age (R=0.538, p=0.026). Notably, the fraction change in senescent CD8+ T cells showed no significant relationship with changes in either HbA1c (p=0.314) or LDL-C (p=0.592). Finally, the ratio of naïve to memory CD8+ T cells increased in the rosuvastatin/ezetimibe group (p=0.011), but not in the rosuvastatin group (p=0.339).





Conclusions

We observed a reduction in senescent CD8+ T cells and an increase in the ratio of naive to memory CD8+ T cells with rosuvastatin/ezetimibe treatment. Our results demonstrate the immunomodulatory roles of ezetimibe in combination with statins, independent of improvements in lipid or HbA1c levels.
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder, with alterations in the immune system contributing to both the disease’s onset and the progression of its complications, including cardiovascular disease (CVD) (1, 2). In South Korea, hypercholesterolemia, a prominent risk factor for CVD, is found in 83.3% of T2DM patients, of which 26.9% are receiving treatment for this condition (3, 4). Of those receiving lipid-lowering therapy, statin monotherapy and the statin/ezetimibe combination are the predominant treatments for hypercholesterolemia, accounting for 73.9% and 15.6%, respectively (5). Given the high rate of treatment with these agents, understanding the beneficial effects of statin and statin/ezetimibe, such as their immunomodulatory roles, will be crucial for optimizing therapeutic strategies and enhancing patient outcomes.

Statins act as selective and competitive antagonists of the 3-hydroxy-3-methylglutaryl coenzyme-A (HMG-CoA) reductase, thereby inhibiting cholesterol biosynthesis. In addition, statins exhibit beneficial pleiotropic effects, including improvement in endothelial function, inhibition of vascular inflammation, reduction of oxidative stress, and plaque stabilization (6–10). Most importantly, statins have demonstrated anti-inflammatory and immunomodulatory properties across various autoimmune diseases (11, 12). The mechanisms underlying their immunologic effects involve the induction and tissue migration of Treg and the inhibition of Th1 and Th17 differentiation (13). On the other hand, ezetimibe inhibits the absorption of cholesterol by inhibiting intestinal cholesterol transporter NPC1L1, and its combination with statins achieves lipid-lowering goals more effectively than statin monotherapy (14). Ezetimibe has been reported to reduce CD4+ memory T cells in cardiac transplant recipients and to promote differentiation into anti-inflammatory M2 macrophages rather than pro-inflammatory M1 macrophages (15). Given the distinct and overlapping immunomodulatory effects of both statins and ezetimibe, a study on the influence of combined statin/ezetimibe on immune cell subsets is required.

Chronic inflammation is now recognized as a key factor in the onset of T2DM and its associated complications (2). This inflammation is driven by cytokines released from both activated and senescent immune cells (16–19). The senescence of CD8+ T cells contributes to persistent, low-grade inflammation via the secretion of pro-inflammatory cytokines and the production of cytotoxic molecules like granzyme B and perforin (20, 21). In T2DM patients, dysfunction of CD8+ T cells (22, 23) and accumulation of senescent CD8+ T cells (24) have been reported. Moreover, the senescent CD8+ T cells in T2DM are related to the development of cardiovascular complications (25, 26). Therefore, based on the immunomodulatory roles of statin and ezetimibe, investigating the impact of these drugs on the senescence of CD8+ T cells is warranted.

In terms of lipid-lowering efficacy, the combination of statin and ezetimibe therapy has demonstrated an additive effect, with each exerting their own mechanisms. We hypothesized that the combination therapy may enhance immunomodulatory efficacy beyond that of statin monotherapy, particularly regarding the senescence of CD8+ T cells. Additionally, we aim to ascertain if these effects correlate with their lipid-lowering properties. These insights could guide more tailored therapeutic approaches and enhance the efficacy of treatment for comorbidities of T2DM.




2 Patients and methods



2.1 Trial design and eligibility

We conducted a two-group parallel, single-center, randomized controlled trial (RCT) to compare the effects of a combination of rosuvastatin and ezetimibe (experimental group) with rosuvastatin alone (control group). A total of 149 patients were randomized into the experimental (N=75) and control (N=74) groups.

We enrolled patients with T2DM and LDL-C levels of 100 mg/dL or higher from the Diabetes Center of Chungnam National University Hospital, a tertiary teaching hospital. Detailed eligibility criteria are as follows:

Inclusion Criteria

	1. Males or females aged > 18

	2. Diagnosis of T2DM as per the 2022 American Diabetes Association’s Standards of Medical Care

	3. LDL-C levels ≥ 100 mg/dL



Exclusion Criteria

	1. Current use of lipid-lowering therapy, including statins, ezetimibe, fibrates, nicotinic acid, bile acid sequestrants, and PCSK9 inhibitors

	2. Postmenopausal hormone replacement therapy

	3. Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels > 2.5-fold of the upper normal limit

	4. Creatine kinase (CK) levels > 3-fold of the upper normal limit

	5. Malignant tumor diagnosis or treatment within the past 5 years

	6. Poorly controlled or uncontrolled hypothyroidism (thyroid-stimulating hormone (TSH) > 1.5-fold of the upper normal limit)

	7. Known hypersensitivity to the drugs used in the study: rosuvastatin, ezetimibe, and their combination.



Recent guidelines recommend targeting an LDL-C level of less than 100 mg/dL in patients with diabetes of 10 years or shorter duration who lack cardiovascular risk factors, and advocate for a more stringent LDL-C goal in those with cardiovascular risk factors (4, 27). Accordingly, this study selected patients in need of dyslipidemia management with LDL-C levels of 100 mg/dL or higher. Patients with conditions or receiving treatments known to affect lipid metabolism, such as postmenopausal hormone replacement therapy, cancer therapies, and hypothyroidism, were excluded (28, 29). Patients who already had elevated liver enzymes or creatine kinase levels, which are indicators of adverse events of study drug were also excluded.




2.2 Ethics statement

This research adhered to the Declaration of Helsinki and the Ethical Guidelines for Clinical Research. The study complied with both the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 statement (30) and the revised CONSORT guideline (31). The Ethics Committee of the Institutional Review Board (IRB) of Chungnam National University Hospital approved this study on November 8, 2018 (IRB file No. CNUH 2018-10-030). All participants provided written informed consent and retained the right to withdraw or discontinue participation at any time. Our protocol was registered on clinical research information service (CRIS; KCT0003477).




2.3 Interventional process

Enrolled patients were assigned to either the rosuvastatin/ezetimibe group or the rosuvastatin-alone group. All participants underwent routine diabetes care over the 12-week study period. The combination group received rosuvastatin 5mg with ezetimibe 10mg, while the control group received rosuvastatin 5mg per day for 12 weeks of intervention. Participants took their medication 30 minutes post-breakfast daily. Blood samples were drawn at the start and end of the study to assess lipid and glycemic parameters, serum chemistry, and surface markers of peripheral blood mononuclear cells (PBMCs) (Figure 1).




Figure 1 | Scheme of the study design. The flow chart represents a prospective, double-blind, randomized, single-center study with 149 participants. Participants were randomized into two groups: one receiving rosuvastatin alone (N=74), and the other receiving a combination of rosuvastatin and ezetimibe (N=75). Assessments were conducted at both baseline and after 12 weeks of medication for all participants. FACS, fluorescence activated cell sorting; PBMC, peripheral blood mononuclear cell.






2.4 Randomization and masking

Random allocation sequences were created using SPSS Version 26.0. Participants were blinded, receiving a number from the doctor to obtain medication at the pharmacy. Post data collection at 12 weeks, the blind was lifted.




2.5 Outcome measurements

Primary Outcome

	1. Proportion of CD8+ T cells with senescence markers (CD28-CD57+CD8+ T cells)



Secondary Outcomes

	1. Proportion of CD4+ T cells with senescence markers (CD28-CD57+CD4+ T cells)

	2. Lipid profile, including triglyceride, total cholesterol, HDL-C, and LDL-C

	3. Glycemic parameters, including HbA1c, fasting glucose, and HOMA indices

	4. Serum chemistry, including blood urea nitrogen (BUN), creatinine, estimated glomerular filtration rate (eGFR), and liver enzymes (AST and ALT)






2.6 Laboratory and analytical procedures

At the beginning and conclusion of the study, peripheral blood samples were drawn into serum separator tubes (SST). LDL-C levels were quantified using the Cobas 6000 analyzer (Roche Diagnostics, Basel, Switzerland) through enzymatic colorimetric techniques.

For the analysis of PBMCs, we followed procedures based on a previously published article by our group (32). The study utilized several monoclonal antibodies, including anti-CD4-AF700, anti-CD8-PE, anti-CD8-APC, anti-CD28-APC, anti-CD57-FITC, anti-interferon (IFN)-γ-PE-Cy7, and anti-tumor necrosis factor (TNF)-α-APC, IL-17A-APC, Granzyme B-PE, perforin-APC, all sourced from eBioscience, San Diego, CA, USA. Following permeabilization, cells were stained for intracellular cytokines and cytotoxic molecules using anti-IFN-γ-PE-Cy7 and anti-TNF-α-APC. Multicolor flow cytometry was performed with the BD LSRFortessa flow cytometer (BD Biosciences, San Jose, CA, USA). Data analysis was conducted using FlowJo V10 software (FlowJo, LLC, Ashland, OR, USA). Blood samples with a PBMC viability of 80% or more were used for FACS analysis, with 77 patients meeting this criterion at both baseline and follow-up visits.




2.7 Safety evaluation

All adverse events were documented, emphasizing potential side effects of the intervention drugs: muscle pain/weakness, headache/dizziness, sleep problems, and digestive symptoms including nausea, indigestion, diarrhea, and constipation. Serum chemistry tests for AST, ALT, and CK were employed to identify asymptomatic adverse drug effects.




2.8 Statistical analysis

Baseline and 12-week data were collected on standardized datasheets, anonymizing patient identity. Numerical data are presented as mean ± standard deviation (SD), while discrete data are shown as numbers with their corresponding percentages (%). Intra-group differences were evaluated using paired t-tests, and inter-group differences using unpaired t-tests. Results were considered statistically significant if p < 0.05. Analyses were performed using SPSS Version 26.0 (IBM Corp., Armonk, NY, USA), with graphical representations created using GraphPad Prism 9.4.1 (GraphPad Software Inc., San Diego, CA, USA) and OriginPro 2021 (OriginLab Corp., Northampton, MA, USA).





3 Results



3.1 Baseline characteristics

In this RCT, we enrolled 149 patients diagnosed with T2DM whose low-density lipoprotein cholesterol (LDL-C) was 100 mg/dL or higher. They were randomized into either the rosuvastatin or the rosuvastatin/ezetimibe group, with both groups taking the medication for 12 weeks (Figure 1). Among the total patients enrolled, 147 patients (N=72 in the rosuvastatin group and N=75 in the rosuvastatin/ezetimibe group) completed blood sampling at both baseline and follow-up. Baseline metrics, including age, sex ratio, body mass index (BMI), duration of T2DM, and biochemical parameters reflecting their lipid and glucose metabolism, kidney function, and inflammation markers, did not exhibit statistically significant differences between the two groups (Table 1).


Table 1 | Baseline characteristics.






3.2 Effect of rosuvastatin and rosuvastatin/ezetimibe on T cell senescence

We analyzed the surface markers of PBMCs at baseline and after a 12-week intervention to evaluate T cell subsets (Figure 1). We evaluated markers of T cell senescence (loss of CD28 and expression of CD57), exhaustion (expression of PD-1, also known as CD279), and regulatory T cells (expression of FoxP3) (33). Although the change in the proportion of CD8+CD28– T cells during the 12-week intervention was comparable between the rosuvastatin and combination groups, there was an increase in CD8+CD57+ T cells in the rosuvastatin group, while this proportion decreased in the rosuvastatin/ezetimibe group (Figures 2A, B). In contrast, the change in the proportion of senescent CD4+ T cells (CD4+CD28– or CD4+CD57+) showed no significant difference between the two groups (Figures 2C, D). The change in the proportion of PD-1-expressing CD4+ T cells (CD4+CD279+) did not differ significantly between the two groups (Figure 2E). Additionally, regulatory T cells (Treg; CD4+FoxP3+) were significantly decreased in the combination group compared to the rosuvastatin group (Figure 2F). These results suggest that the two medications have distinct effects on T cell subsets, notably with declines in the proportion of CD8+CD57+ senescent T cells and Treg cells in the rosuvastatin/ezetimibe group.




Figure 2 | Impact of rosuvastatin and rosuvastatin/ezetimibe on markers for senescence and exhaustion of T cells. (A, B) Changes in the fraction of CD8+CD28– (A) and CD8+CD57+ (B) senescent CD8+ T cells in the rosuvastatin (R) and rosuvastatin/ezetimibe (R/E) groups. (C, D) Changes in the fraction of CD4+CD28– (C) and CD4+CD57+ (D) senescent CD4+ T cells in the rosuvastatin (R) and rosuvastatin/ezetimibe (R/E) groups. (E, F) Changes in the fraction of CD4+CD279+ (E) and CD4+FoxP3+ (F) CD4+ T cells in the rosuvastatin (R) and rosuvastatin/ezetimibe (R/E) groups. Data are presented in box-and-whisker plots, where the whiskers represent the 10th to 90th percentiles. Unpaired t-tests were used.






3.3 Lipid and glycemic parameters and their relationship with T cell senescence markers

Following 12 weeks of lipid-lowering medication, levels of triglyceride, total cholesterol, and LDL-C declined in both groups. However, the combined group experienced a more significant reduction in total cholesterol and LDL-C levels (Supplementary Table 1). Although changes in HbA1c and HOMA indices remained non-significant, the combined group registered a more pronounced decrease in serum insulin levels (Supplementary Table 1).

To explore potential relationship between immunosenescence and metabolic parameters, we conducted correlation analyses on changes in proportion of senescent CD8+ T cells (ΔCD8+CD57+) and various lipid and glycemic parameters. In the total patient group, the HbA1c change (ΔHbA1c) was positively correlated with the LDL-C change (ΔLDL-C) and negatively correlated with baseline LDL-C (Figures 3A, B). Age was positively correlated with ΔCD8+CD57+ T cells (Figure 3C). The relationship between ΔLDL-C or LDL-C and ΔHbA1c was maintained in both the rosuvastatin and combination groups (Supplementary Figures 1A, B, F, G). The correlation significance between age and ΔCD8+CD57+ T cells diminished in the subgroup analysis (Supplementary Figures 1C, H). Interestingly, the ΔCD8+CD57+ T cells did not show a significant correlation with HbA1c or LDL-C alterations, and this finding was consistent in each subgroup analysis (Figures 3D, E; Supplementary Figures 1D, E, I, J). Meanwhile, the proportion of senescent CD4+ T cells did not correlate significantly with ΔHbA1c but was negatively correlated with ΔLDL-C (Supplementary Figure 2A, B). Additionally, the proportion change of CD8+CD28– T cells showed no significant correlation with ΔLDL-C (Supplementary Figures 2C, D). Taken together, despite noticeable changes in lipid and glycemic parameters from the combined treatment, there was no significant correlation between CD8+ senescent T cell markers and shifts in HbA1c or LDL-C levels.




Figure 3 | Clinical parameters associated with CD8+CD57+ senescence T cell marker in the total patient group. (A, B) Scatter plot showing the relationship between changes in HbA1c and changes in LDL-C (A) as well as baseline LDL-C (B). (C–E) Scatter plot showing the relationship between changes in CD8+CD57+ T cells with age (C), changes in HbA1c (D) and LDL-C (E). LDL-C, low-density lipoprotein cholesterol. Simple linear regression tests were used. The blue shaded area indicates the 95% confidence interval.






3.4 Effect of rosuvastatin and rosuvastatin/ezetimibe on the ratio of Naïve to memory T cells

To assess the relative changes in naïve (CD45RA+) versus memory (CD45RO+) T cell populations post-intervention, we analyzed their respective proportions and ratios. In the rosuvastatin group, both the naïve and memory CD8+ T cell proportions remained unchanged, resulting in no significant change in the ratio of naïve to memory CD8+ T cells (Figures 4A, B). Notably, in the rosuvastatin/ezetimibe group, the proportion of naïve CD8+ T cells increased while the memory CD8+ T cells decreased, leading to an increased ratio of naïve to memory CD8+ T cells (Figures 4C, D). In contrast, the proportions of naïve and memory CD4+ T cells, as well as their ratio, remained unchanged in both the rosuvastatin and combined groups (Supplementary Figures 3A–D). Collectively, the combined use of rosuvastatin and ezetimibe shifted the CD8+ T cell balance towards increased naïve proportions without affecting CD4+ T cell subsets.




Figure 4 | Naïve to memory CD3+CD8+ T cells before and after rosuvastatin or rosuvastatin/ezetimibe treatment. (A, B) Pre- and post-intervention fractions of naïve (CD45RA+) and memory (CD45RO+) CD8+ T cells (A) and the naïve to memory CD8+ T cell ratio (B) in the rosuvastatin group. (C, D) Pre- and post-intervention fractions of naïve (CD45RA+) and memory (CD45RO+) CD8+ T cells (C) and the naïve to memory CD8+ T cell ratio (D) in the rosuvastatin/ezetimibe group. In (A, C), data are presented as Tukey’s box-and-whisker plots, and two-way ANOVA with Šídák’s multiple comparisons tests were used for statistical analysis. In (B, D), paired t-tests were used.







4 Discussion

In this single-center RCT, we aimed to identify the immunomodulatory effects of statin and statin/ezetimibe combination therapy using surface marker analysis of immune cells. Our findings illuminate the distinct impacts these treatments exert on specific T cell subsets. Remarkably, while rosuvastatin monotherapy did not significantly change the proportion of senescent CD8+ T cells, the addition of ezetimibe significantly reduced their proportion. Intriguingly, these observed shifts did not mirror alterations in lipid and glycemic parameters, hinting that the interactions between the medications and T cell senescence are not solely attributed to their lipid-lowering properties. The modulation in the ratio of naïve to memory CD8+ T cells in the combined therapy group further enriches our comprehension, suggesting potential immune rejuvenation, an effect that was not observed in CD4+ T cell subsets. This study demonstrated changes in T cell subsets in response to lipid-lowering therapy, emphasizing the additive effect of ezetimibe in the context of immune dynamics.

Statins exhibit pleiotropic effects via inhibition of the mevalonate pathway, which downregulates nonsteroidal isoprenoid compounds, including geranylgeranyl pyrophosphate (GGPP) and farnesyl pyrophosphate (FPP), downstream mediators of the pathway (13). These mediators are essential for the prenylation of small GTP-binding proteins, including Rho, Rac, and Cdc42, steps pivotal for immune cell activation. Inhibition of prenylation induces SOCS3 expression, promoting Treg differentiation (34). Previous studies indicate increased Treg numbers, tissue infiltration, and Foxp3 expression following statin therapy (13, 35, 36). However, an RCT investigating FoxP3 and IL-10 mRNA expression after 6 months of treatment with statin or statin/ezetimibe found no significant change in FoxP3 expression between LDL-C <70 and ≥70 mg/dL. Moreover, the correlation observed between FoxP3 and IL-10 mRNA expression in the statin group was notably absent in the statin/ezetimibe group, indicating that Treg are not activated (37). In line with these findings, the statin group of our study showed a mild increase in Treg (1.37 ± 1.53%), while a mild decrease (–1.17 ± 2.33%) in Treg was observed in the rosuvastatin/ezetimibe group. In another study, ezetimibe alone reduced the fraction of Th17 cells among PBMCs without affecting that of Treg cells in ankylosing spondylitis patients (38). In rodent study, during a lithogenic high-cholesterol diet, nine months of long-term ezetimibe treatment induced a reduction in Treg cells (39). From these studies, it appears that ezetimibe might either have no effect on, or down-regulate, T cell differentiation into Treg cells. Further studies on the impact of ezetimibe and its combination with statins on Tregs are required.

The effects of statin and statin/ezetimibe on CD8+ T cells remain relatively unexplored. Statin therapy reduces CD8+ T cell-mediated inflammatory responses through Kruppel-like factor 2 (KLF2)-dependent mechanisms (40). The LDL receptor, expressed by CD8+ T cells, is crucial for the activation of CD8+ T cells, suggesting that an appropriate concentration of cholesterol is required for CD8+ T cell function (41). In our study, senescent CD8+ T cells (CD8+CD57+) were significantly decreased in the rosuvastatin/ezetimibe group compared to the rosuvastatin group. Notably, senescent CD8+ T cells did not show a significant relationship with HbA1c or LDL-C change, implying that mechanisms other than lipid or glycemic lowering induced the reduction of senescent CD8+ T cells. Previous studies have reported the immune enhancement roles of ezetimibe. In rodent models of liver cancer fed a high-fat high-cholesterol diet, ezetimibe treatment significantly reduced mRNA expression of immune checkpoint genes and immune suppression genes, including Cd274 (encoding PD-L1), Cd279 (encoding PD-1), Ctla4, Havcr2, Lag3, and Entpd2 (42). In another study using syngeneic mouse tumor models, ezetimibe treatment was shown to down-regulate mTOR2 signaling and enhance CPT1A expression, which is associated with the development of CD8+ T cell memory (43, 44). These clues may present potential underlying mechanisms for the additive immunomodulatory effects of ezetimibe. However, further studies are required to elucidate the detailed mechanisms underlying the crosstalk between cholesterol-lowering agents and the immune system, the clinical outcomes dependent on the senescence of CD8+ T cells, and the potential therapeutic implications of combining statins with other immunomodulatory drugs for enhanced patient outcomes.

Hypercholesterolemia, T2DM, and T-cell dysfunction are interrelated. In T2DM patients, there is an expansion of senescent (CD28−CD57+) CD8+ T cells, which are highly inflammatory and secrete cytotoxic mediators while bypassing their antigen specificity (24, 45). T cell dysfunction has now been recognized as a key factor contributing to beta cell failure (2). Furthermore, from our previous study, senescent T cells are associated with systemic inflammation and alter hepatic glucose homeostasis, leading to abnormal glucose homeostasis (32). Conversely, hyperglycemia is recognized as a driver of memory CD8+ T cell dysfunction, rendering patients with T2DM more susceptible to infections (46). These interactions between diabetes and T cell dysfunction ultimately result in chronic inflammation, further exacerbating both conditions. The two-way relationship between T2DM and chronic periodontitis, with senescent CD4+CD28- T cells potentially serving as mediators, is a good example (47). Research from the field of cancer has shown that elevated cholesterol levels induce CD8+ T cell exhaustion, as evidenced by PD-1 expression, through ER stress-XBP1-dependent mechanism. This leads to impaired antitumor function of cytotoxic CD8+ T cells within the tumor microenvironment (48). In line with this, intraosseous simvastatin injection suppressed cancer development by activating cytotoxic CD8+ T cells (49). These findings, along with the adjuvant role of statins in anti-cancer vaccination, supported the inclusion of statins in various anti-cancer trials (50). Considering the intricate connections among hypercholesterolemia, T2DM, and T cell dysfunction, along with their broader implications in conditions such as beta cell failure, infections, chronic inflammation, and even cancer, there is an increasing demand for holistic approaches that include the interplay between the immune system and metabolism. Our study provides foundational insight into these multifaceted interactions, emphasizing the need for integrative therapeutic strategies that concurrently address metabolic imbalances and immune dysregulation.

The study presents previously unexplored results on the effects of statin monotherapy and the combined statin/ezetimibe treatment on T cell subsets and their senescence in patients with T2DM. The strength of this study lies in its RCT design, which included a sizeable patient cohort from a tertiary teaching hospital, ensuring the validity of its findings. Furthermore, the detailed measurements of lipid and glycemic parameters in relation to T cell senescence markers offer a comprehensive overview of lipid-lowering and pleiotropic effects. However, there are some limitations to consider. The study’s single-center nature may limit the generalizability of its results. The relatively short study duration of 12 weeks may not reflect the long-term effects or potential side effects of the medication. Additionally, the study lacks a placebo control group and an ezetimibe-only group, which are necessary to evaluate the individual effects of rosuvastatin, ezetimibe, and combination therapy on the senescence of CD8+ T cells. Although not addressed in this study, future research including non-T2DM patients or patients with other chronic inflammatory conditions may help elucidate potential differences in treatment responses across different patient populations. The follow-up study was conducted only 12 weeks after the initiation of lipid-lowering medication. The lack of lipid profile assessments at multiple timepoints is another limitation. Finally, this study does not investigate the precise molecular mechanisms underlying these effects. While the results provide valuable insights into T2DM treatment, further research is needed to unravel the detailed mechanisms by which these lipid-lowering therapies influence immune cell dynamics.

Based on our findings, future clinical trials should explore the therapeutic potential of statin and ezetimibe therapy through multicenter RCTs with diverse control groups. Our research, utilizing moderate-intensity statin therapy, paves the way for dose optimization studies by varying statin intensity (low, high intensity groups) to assess dose-dependency. Extending the observation beyond our 12-week timeframe to include 6–8 week assessments could provide insights into serial changes by the intervention. Moreover, investigating subgroups based on T2DM duration and cardiovascular risk may uncover the differential immunomodulatory effects of statin and ezetimibe related to disease progression and age. By exploring various doses, treatment durations, and patient subgroups, future clinical trials can build on our results to optimize treatment strategies, improve patient outcomes, and expand the evidence base for clinical decision-making.




5 Conclusion

In this RCT, we examined the immunomodulatory effects of statin monotherapy and combined statin/ezetimibe treatment in patients with T2DM. While both treatments demonstrated lipid-lowering properties, the combined statin/ezetimibe treatment notably reduced the proportion of senescent CD8+ T cells, an effect not solely attributed to their lipid-lowering action. Additionally, the combined therapy shifted the balance towards an increased proportion of naive CD8+ T cells, suggesting potential immune rejuvenation. These findings highlight the distinct impacts of statin and ezetimibe on specific T cell subsets, emphasizing the additional immunomodulatory benefit of ezetimibe when combined with statins. Further exploration is warranted to understand the broader implications of these findings for therapeutic strategies in T2DM comorbidities.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

This research adhered to the Declaration of Helsinki and the Ethical Guidelines for Clinical Research. The study complied with both the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 statement (30) and the revised CONSORT guideline (31). The Ethics Committee of the Institutional Review Board (IRB) of Chungnam National University Hospital approved this study on November 8, 2018 (IRB file No. CNUH 2018-10-030). All participants provided written informed consent and retained the right to withdraw or discontinue participation at any time. Our protocol was registered on clinical research information service (CRIS; KCT0003477).





Author contributions

SJ: Writing – original draft, Visualization, Investigation, Formal analysis, Data curation. JoL: Writing – original draft, Visualization, Investigation. MS: Writing – original draft, Visualization, Investigation. JK: Writing – review & editing, Supervision. YK: Writing – review & editing, Supervision. HY: Writing – review & editing, Supervision. KJ: Writing – review & editing, Supervision. JuL: Writing – review & editing, Supervision. HK: Writing – review & editing, Supervision. BK: Writing – review & editing, Supervision, Methodology, Funding acquisition, Conceptualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Yuhan Corporation (IIT-009). The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.




Acknowledgments

The authors express their gratitude to all participants in this trial. Special thanks are extended to the research assistants for their invaluable support and contributions throughout the study.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1336357/full#supplementary-material




References

1. Defronzo, RA, Ferrannini, E, Groop, L, Henry, RR, Herman, WH, Holst, JJ, et al. Type 2 diabetes mellitus. Nat Rev Dis Primers. (2015) 1:1–22. doi: 10.1038/nrdp.2015.19

2. Ahmad, E, Lim, S, Lamptey, R, Webb, DR, and Davies, MJ. Type 2 diabetes. Lancet. (2022) 400:1803–20. doi: 10.1016/S0140-6736(22)01655-5

3. Kim, SJ, Kwon, OD, and Kim, K-S. Prevalence, awareness, treatment, and control of dyslipidemia among diabetes mellitus patients and predictors of optimal dyslipidemia control: results from the Korea National Health and Nutrition Examination Survey. Lipids Health Dis. (2021) 20:1–10. doi: 10.1186/s12944-021-01455-3

4. Elsayed, NA, Aleppo, G, Aroda, VR, Bannuru, RR, Brown, FM, Bruemmer, D, et al. 10. Cardiovascular disease and risk management: Standards of care in diabetes—2023. Diabetes Care. (2022) 46:S158–90. doi: 10.2337/dc23-S010

5. Yun, SJ, Jeong, I-K, Cha, J-H, Lee, J, Cho, HC, Choi, SH, et al. Current status of low-density lipoprotein cholesterol target achievement in patients with type 2 diabetes mellitus in Korea compared with recent guidelines. Diabetes Metab J. (2021) 46:464–75. doi: 10.4093/dmj.2021.0088

6. Laakso, M. Cardiovascular disease in type 2 diabetes: challenge for treatment and prevention. J Internal Med. (2001) 249:225–35. doi: 10.1046/j.1365-2796.2001.00789.x

7. Blanco-Colio, LM, Tuñón, J, Martín-Ventura, JL, and Egido, J. Anti-inflammatory and immunomodulatory effects of statins. Kidney Int. (2003) 63:12–23. doi: 10.1046/j.1523-1755.2003.00744.x

8. Libby, P, and Aikawa, M. Mechanisms of plaque stabilization with statins. Am J Cardiol. (2003) 91:4–8. doi: 10.1016/S0002-9149(02)03267-8

9. Blum, A, and Shamburek, R. The pleiotropic effects of statins on endothelial function, vascular inflammation, immunomodulation and thrombogenesis. Atherosclerosis. (2009) 203:325–30. doi: 10.1016/j.atherosclerosis.2008.08.022

10. Oesterle, A, Laufs, U, and Liao, JK. Pleiotropic effects of statins on the cardiovascular system. Circ Res. (2017) 120:229–43. doi: 10.1161/CIRCRESAHA.116.308537

11. Mccarey, DW, Mcinnes, IB, Madhok, R, Hampson, R, Scherbakova, O, Ford, I, et al. Trial of Atorvastatin in Rheumatoid Arthritis (TARA): double-blind, randomised placebo-controlled trial. Lancet. (2004) 363:2015–21. doi: 10.1016/S0140-6736(04)16449-0

12. Zeiser, R. Immune modulatory effects of statins. Immunology. (2018) 154:69–75. doi: 10.1111/imm.12902

13. Shahbaz, SK, Sadeghi, M, Koushki, K, Penson, PE, and Sahebkar, A. Regulatory T cells: possible mediators for the anti-inflammatory action of statins. Pharmacol Res. (2019) 149:104469. doi: 10.1016/j.phrs.2019.104469

14. Cannon, CP, Blazing, MA, Giugliano, RP, Mccagg, A, White, JA, Theroux, P, et al. Ezetimibe added to statin therapy after acute coronary syndromes. New Engl J Med. (2015) 372:2387–97. doi: 10.1056/NEJMoa1410489

15. Suchy, D, Łabuzek, K, Machnik, G, and Okopień, B. The influence of ezetimibe on classical and alternative activation pathways of monocytes/macrophages isolated from patients with hypercholesterolemia. Naunyn-schmiedeberg's Arch Pharmacol. (2014) 387:733–42. doi: 10.1007/s00210-014-0982-4

16. Moller, DE. Potential role of TNF-α in the pathogenesis of insulin resistance and type 2 diabetes. Trends Endocrinol Metab. (2000) 11:212–7. doi: 10.1016/S1043-2760(00)00272-1

17. Spranger, J, Kroke, A, Mohlig, M, Hoffmann, K, Bergmann, MM, Ristow, M, et al. Inflammatory cytokines and the risk to develop type 2 diabetes: results of the prospective population-based European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam Study. Diabetes. (2003) 52:812–7. doi: 10.2337/diabetes.52.3.812

18. Hotamisligil, GS. Inflammation and metabolic disorders. Nature. (2006) 444:860–7. doi: 10.1038/nature05485

19. Kang, YE, Kim, JM, Joung, KH, Lee, JH, You, BR, Choi, MJ, et al. The roles of adipokines, proinflammatory cytokines, and adipose tissue macrophages in obesity-associated insulin resistance in modest obesity and early metabolic dysfunction. PLoS One. (2016) 11:e0154003. doi: 10.1371/journal.pone.0154003

20. Strioga, M, Pasukoniene, V, and Characiejus, D. CD8+ CD28– and CD8+ CD57+ T cells and their role in health and disease. Immunology. (2011) 134:17–32. doi: 10.1111/imm.2011.134.issue-1

21. Tedeschi, V, Paldino, G, Kunkl, M, Paroli, M, Sorrentino, R, Tuosto, L, et al. CD8+ T cell senescence: Lights and shadows in viral infections, autoimmune disorders and cancer. Int J Mol Sci. (2022) 23:3374. doi: 10.3390/ijms23063374

22. Kumar, NP, Sridhar, R, Nair, D, Banurekha, VV, Nutman, TB, and Babu, S. Type 2 diabetes mellitus is associated with altered CD 8+ T and natural killer cell function in pulmonary tuberculosis. Immunology. (2015) 144:677–86. doi: 10.1111/imm.12421

23. Nojima, I, Eikawa, S, Tomonobu, N, Hada, Y, Kajitani, N, Teshigawara, S, et al. Dysfunction of CD8+ PD-1+ T cells in type 2 diabetes caused by the impairment of metabolism-immune axis. Sci Rep. (2020) 10:14928. doi: 10.1038/s41598-020-71946-3

24. Lau, E, Carroll, E, Callender, L, Hood, G, Berryman, V, Pattrick, M, et al. Type 2 diabetes is associated with the accumulation of senescent T cells. Clin Exp Immunol. (2019) 197:205–13. doi: 10.1111/cei.13344

25. Youn, J-C, Yu, HT, Lim, BJ, Koh, MJ, Lee, J, Chang, D-Y, et al. Immunosenescent CD8+ T cells and CXC chemokine receptor type 3 chemokines are increased in human hypertension. Hypertension. (2013) 62:126–33. doi: 10.1161/HYPERTENSIONAHA.113.00689

26. Tae Yu, H, Youn, J-C, Lee, J, Park, S, Chi, H-S, Lee, J, et al. Characterization of CD8+ CD57+ T cells in patients with acute myocardial infarction. Cell Mol Immunol. (2015) 12:466–73. doi: 10.1038/cmi.2014.74

27. Grundy, SM, Stone, NJ, Bailey, AL, Beam, C, Birtcher, KK, Blumenthal, RS, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of blood cholesterol: a report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. (2019) 139:e1082–143. doi: 10.1161/CIR.0000000000000624

28. Bhatnagar, R, Dixit, NM, Yang, EH, and Sallam, T. Cancer therapy's impact on lipid metabolism: Mechanisms and future avenues. Front Cardiovasc Med. (2022) 9:925816. doi: 10.3389/fcvm.2022.925816

29. Nie, G, Yang, X, Wang, Y, Liang, W, Li, X, Luo, Q, et al. The effects of menopause hormone therapy on lipid profile in postmenopausal women: a systematic review and meta-analysis. Front Pharmacol. (2022) 13:850815. doi: 10.3389/fphar.2022.850815

30. Chan, A-W, Tetzlaff, JM, Altman, DG, Laupacis, A, Gøtzsche, PC, Krleža-Jerić, K, et al. SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann Internal Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583

31. Schulz, KF, Altman, DG, and Moher, D. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised trials. J Pharmacol pharmacotherapeutics. (2010) 1:100–7. doi: 10.4103/0976-500X.72352

32. Yi, H-S, Kim, SY, Kim, JT, Lee, Y-S, Moon, JS, Kim, M, et al. T-cell senescence contributes to abnormal glucose homeostasis in humans and mice. Cell Death Dis. (2019) 10:1–15. doi: 10.1038/s41419-019-1494-4

33. Huff, WX, Kwon, JH, Henriquez, M, Fetcko, K, and Dey, M. The evolving role of CD8+ CD28– immunosenescent T cells in cancer immunology. Int J Mol Sci. (2019) 20:2810. doi: 10.3390/ijms20112810

34. Rodríguez-Perea, AL, Montoya, CJ, Olek, S, Chougnet, CA, and Velilla, PA. Statins increase the frequency of circulating CD4+ FOXP3+ regulatory T cells in healthy individuals. J Immunol Res. (2015) 2015. doi: 10.1155/2015/762506

35. Forero-Peña, DA, and Gutierrez, FR. Statins as modulators of regulatory T-cell biology. Mediators Inflammation. (2013) 2013. doi: 10.1155/2013/167086

36. Sorathia, N, Al-Rubaye, H, and Zal, B. The effect of statins on the functionality of CD4+ CD25+ FOXP3+ regulatory T-cells in acute coronary syndrome: a systematic review and meta-analysis of randomised controlled trials in Asian populations. Eur Cardiol Rev. (2019) 14:123. doi: 10.15420/ecr

37. Jackowska, P, Chałubiński, M, Łuczak, E, Wojdan, K, Gorzelak-Pabiś, P, Olszewska-Banaszczyk, M, et al. The influence of statin monotherapy and statin-ezetimibe combined therapy on FoxP3 and IL 10 mRNA expression in patients with coronary artery disease. Adv Clin Exp Med. (2019) 28:1243–8. doi: 10.17219/acem/108627

38. Moon, J, Lee, S-Y, Na, HS, Lee, AR, Cho, K-H, Choi, JW, et al. Ezetimibe ameliorates clinical symptoms in a mouse model of ankylosing spondylitis associated with suppression of Th17 differentiation. Front Immunol. (2022) 13:922531. doi: 10.3389/fimmu.2022.922531

39. Rosa, L, Lobos-González, L, Muñoz-Durango, N, García, P, Bizama, C, Gómez, N, et al. Evaluation of the chemopreventive potentials of ezetimibe and aspirin in a novel mouse model of gallbladder preneoplasia. Mol Oncol. (2020) 14:2834–52. doi: 10.1002/1878-0261.12766

40. Bu, D-X, Tarrio, M, Grabie, N, Zhang, Y, Yamazaki, H, Stavrakis, G, et al. Statin-induced Kruppel-like factor 2 expression in human and mouse T cells reduces inflammatory and pathogenic responses. J Clin Invest. (2010) 120:1961–70. doi: 10.1172/JCI41384

41. Bonacina, F, Moregola, A, Svecla, M, Coe, D, Uboldi, P, Fraire, S, et al. The low-density lipoprotein receptor–mTORC1 axis coordinates CD8+ T cell activation. J Cell Biol. (2022) 221:e202202011. doi: 10.1083/jcb.202202011

42. Ribas, V, Conde de la Rosa, L, Robles, D, Núñez, S, Segalés, P, Insausti-Urkia, N, et al. Dietary and genetic cholesterol loading rather than steatosis promotes liver tumorigenesis and NASH-driven HCC. Cancers. (2021) 13:4091. doi: 10.3390/cancers13164091

43. Van Der Windt, GJ, Everts, B, Chang, C-H, Curtis, JD, Freitas, TC, Amiel, E, et al. Mitochondrial respiratory capacity is a critical regulator of CD8+ T cell memory development. Immunity. (2012) 36:68–78. doi: 10.1016/j.immuni.2011.12.007

44. Wang, Y, You, S, Su, S, Yeon, A, Lo, EM, Kim, S, et al. Cholesterol-lowering intervention decreases mTOR complex 2 signaling and enhances antitumor immunity. Clin Cancer Res. (2022) 28:414–24. doi: 10.1158/1078-0432.CCR-21-1535

45. Giubilato, S, Liuzzo, G, Brugaletta, S, Pitocco, D, Graziani, F, Smaldone, C, et al. Expansion of CD4+ CD28null T-lymphocytes in diabetic patients: exploring new pathogenetic mechanisms of increased cardiovascular risk in diabetes mellitus. Eur Heart J. (2011) 32:1214–26. doi: 10.1093/eurheartj/ehq499

46. Kavazović, I, Krapić, M, Beumer-Chuwonpad, A, Polić, B, Turk Wensveen, T, Lemmermann, NA, et al. Hyperglycemia and not hyperinsulinemia mediates diabetes-induced memory CD8 T-cell dysfunction. Diabetes. (2022) 71:706–21. doi: 10.2337/db21-0209

47. González-Osuna, L, Sierra-Cristancho, A, Cafferata, EA, Melgar-Rodríguez, S, Rojas, C, Carvajal, P, et al. Senescent CD4+ CD28– T lymphocytes as a potential driver of Th17/treg imbalance and alveolar bone resorption during periodontitis. Int J Mol Sci. (2022) 23:2543. doi: 10.3390/ijms23052543

48. Ma, X, Bi, E, Lu, Y, Su, P, Huang, C, Liu, L, et al. Cholesterol induces CD8+ T cell exhaustion in the tumor microenvironment. Cell Metab. (2019) 30:143–56.e145. doi: 10.1016/j.cmet.2019.04.002

49. Yuan, W, Ren, X, Zhu, J, Huang, J, Zhang, W, Zhang, C, et al. Single-intraosseous simvastatin injection suppresses cancers via activating CD8+ T cells. Biomedicine Pharmacotherapy. (2022) 155:113665. doi: 10.1016/j.biopha.2022.113665

50. Xia, Y, Xie, Y, Yu, Z, Xiao, H, Jiang, G, Zhou, X, et al. The mevalonate pathway is a druggable target for vaccine adjuvant discovery. Cell. (2018) 175:1059–1073. e1021. doi: 10.1016/j.cell.2018.08.070




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Ju, Lim, Song, Kim, Kang, Yi, Joung, Lee, Kim and Ku. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1336357-g001.jpg
Baseline Follow-up

* t d *
study Medication for 12 weeks study

| —

Rosuvastatin group

N=72, completed the study
N=2, follow-up loss

Patients Randomization
recruitment <: N=149
Rosuvastatin/ezetimibe group
Exclusmn N=75, completed the study

*Baseline and follow-up study
v Blood sampling
- Lipid profile
» Glucose metabolism parameters
» Serum chemistry
v FACS analysis of PBMC





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Distinct effects of rosuvastatin and rosuvastatin/ezetimibe on senescence markers of CD8+ T cells in patients with type 2 diabetes mellitus: a randomized controlled trial

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 Trial design and eligibility

          



          		

            2.2 Ethics statement

          



          		

            2.3 Interventional process

          



          		

            2.4 Randomization and masking

          



          		

            2.5 Outcome measurements

          



          		

            2.6 Laboratory and analytical procedures

          



          		

            2.7 Safety evaluation

          



          		

            2.8 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics

          



          		

            3.2 Effect of rosuvastatin and rosuvastatin/ezetimibe on T cell senescence

          



          		

            3.3 Lipid and glycemic parameters and their relationship with T cell senescence markers

          



          		

            3.4 Effect of rosuvastatin and rosuvastatin/ezetimibe on the ratio of Naïve to memory T cells

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-15-1336357-g004.jpg
Cell fraction (%)

Cell fraction (%)

In rosuvastatin group

0.1051 0.3380

100 I_l |—| = Pre

80 =3 Post

CD45RA+ CD45RO+
CD8+

In rosuvastatin/ezetimibe group

0.0014 0.0285

100 |—| I_l @ Pre

80 =1 Post

60

40

20

0
CD45RA+ CD45RO+

CD8+

CD8+CD45RA+
CD8+CD45RO+

CD8+CD45RA+
CD8+CD45RO+

In rosuvastatin group

15.0
10.0
0.3386
5.0 |
0.0
Pre Post

In rosuvastatin/ezetimibe group

15.0 0.0110
10.0 %‘
5.0
0.0
Pre Post





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1336357-g002.jpg
P~ d

ACD8+CD57+ ACD4+CD28-

ACD8+CD28-

o o o o =

Q o o o o

(=} o o o o o
]

(o) uonoeuy ur abueyn

w

w

ACD4+FoxP3+

ACD4+CD279+

ACD4+CD57+

0.0310

0.0849

0.7763

o 0 o v o
1 o o o —

(%) uonoeyy u sbuey)

(o) uonoeuy ui abueyn

R R/EF

R R/E

R R/E





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2024.1336357_cover.jpg
& frontiers | Frontiers in Endocrinology

Distinct effects of rosuvastatin and
rosuvastatin/ezetimibe on senescence
markers of CD8+ T cells in patients with
type 2 diabetes mellitus: a randomized
controlled trial





OEBPS/Images/table1.jpg
Rosuvastatin/

Rosuvastatin

Ezetimibe
Parameters N=74 N=75 P
value
Age (years) 569 + 11.1 53.6 £ 124 0.091
Sex, male 33 (44.6%) 35 (46.7%) 0.464
BMI (kg/m?) 252+ 46 260+ 4.1 0250
T2DM
Ssatios fyeass) 6271 49 +64 0233
HbAILC (%) 72+ 16 70+14 0287
Insulin (WIU/ml) 1438 + 8.82 1820 + 1428 0.103
7 C-peptide (ng/ml) 1.52 £ 0.60 7 1.74 + 1.16 I 0.614
HOMA-IR 58+37 72464 0.200
HOMA-B (%) 92,6 + 963 89.5 +725 0.860
(T::;gﬁde 1658 £ 917 178.0 £ 977 0435
Total cholesterol 2139 £ 265 2135 £327 0.936
(mg/dL)
HDL-C (mg/dL) 518+ 132 485+ 123 0.116
LDL-C (mg/dL) 137.4 £ 234 136.1 +232 0.739
BUN (mg/dL) 161 £ 46 151 £42 0.166
Creatinine (mg/dL) 0.72 £ 0.19 0.72 £ 0.18 0.946
iﬁiﬁ;’;;’n 3 983 £ 162 992+ 19.1 0.749
hsCRP (mg/dL) 21438 18423 0,581

BMI, body mass index; T2DM, type 2 diabetes mellitus; HOMA-IR, homeostatic model
assessment of insulin resistance; HOMA-B, homeostatic model assessment of beta cell
function; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; hsCRP,
high-sensitivity C-reactive protein. Data are presented as mean + SD or number
(corresponding proportion in percentage).





OEBPS/Images/fendo-15-1336357-g003.jpg
(9]

ACD8+CD57+ (%)

450  -100 50 0 50 80 120 160 200 240
ALDL-C (mg/dL) Baseline LDL-C (mg/dL) Age

O
m

4007 0276, p=0.314

R=-0.145, p=0.592

ACDB+CDS7+ (%)
ACD8+CD57+ (%)

40 -30 20 -1.0 00 1.0
AHDbA1C (%) ALDL-C (mg/dL)





