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Abstract

:

Coronary artery disease continues to be the leading cause of death in developed countries. Elevated mean platelet volume (MPV) is associated with an increased incidence of myocardial infarction (MI) and MI-related mortality. Vitamin D concentrations affect the level and function of platelets, which are the crucial mediator of atherothrombosis and plaque rupture. The main aim of this study was to examine the relationship of serum 25-hydroxyvitamin D (25(OH)D) levels with the platelet activity in patients with a history of an acute coronary syndrome (ACS). This prospective study recruited 268 patients with a history of MI who underwent coronary angiography due to the suspicion of another ACS. Serum 25(OH)D concentration was determined by electrochemiluminescence. Platelet activity was assessed using the MPV and platelet-large cell ratio (P-LCR) parameters. There was no significant difference in MPV and P-LCR values between patients diagnosed with subsequent MI and patients with chronic coronary syndrome (CCS). A significantly lower level of 25(OH)D was demonstrated in patients who had another MI compared to those with CCS (p < 0.05). No significant correlation of 25(OH)D concentrations with platelet activity parameters values was found. The subgroup of patients with consecutive MI was characterized by significantly lower serum vitamin D levels, but this was not related to the analyzed parameters of platelet activity.
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1. Introduction


Platelets are the key factor that links inflammation with thrombosis, thus being an important part of the atherosclerotic process [1]. The measurement of the thrombocyte size (mean platelet volume, MPV) and the percentage of platelet count (platelet-large cell ratio, P-LCR) are employed to assess the degree of thrombocyte stimulation, which is reflected in the process of blood clotting. MPV corresponds with the average platelet size and normally ranges from 7.5 to 10.5 fL, while P-LCR is the percentage of platelet count above 12 fL [2,3].



Larger thrombocytes contain more intracellular granules, which results in a greater thrombogenic potential and, thus, in higher activity [4,5]. Certain cytokines exert a significant influence on the size and total count of circulating platelets. Interleukins 3 and 6 promote the production of larger, more potent thrombocytes [6,7]. The mean volume appears to influence the capability of platelets in atherothrombosis.



Previous studies proved that a higher MPV increases the risk of coronary artery disease (CAD) development [8]. Higher MPV and P-LCR values were described in patients diagnosed with CAD compared to healthy subjects [8]. Moreover, increased platelet activity in chronic coronary syndrome (CCS) has not only been associated with the severity of atherosclerotic lesions [9,10] but also as one of the causes of acute coronary syndrome (ACS) [11,12]. Excessive thrombocyte stimulation may lead to severe thrombotic complications including unstable angina (UA) and myocardial infarction (MI) as well as sudden cardiac death [13].



At present, MPV is considered to be an independent factor related to the lack of myocardial reperfusion, despite the restoration of the coronary blood flow [14,15,16,17]. An association between MPV and non-reflow phenomenon was established with a cut-off point of 9.05 fL [14,15,16,17]. Studies have shown an independent relationship between MPV and myocardial reperfusion disorders in nearly 40% of patients with ACS treated with percutaneous coronary intervention. It was also proven to increase both in-hospital and long-term mortality [18]. The available evidence also suggests that elevated MPV is associated with other disease states such as hypertension [19], atrial fibrillation [20], diabetes [21], chronic kidney disease [22], and obesity [23].



Vitamin D modifies the immune response by stimulating the immune cells and promoting the production of cytokines [24]. The vitamin D receptor (VDR) occurs on the surface of most of the cells involved in the formation of atherosclerotic plaques and is responsible for the severity of the course of the disease [24]. It is present both on the cells of the cardiovascular system (endothelial cells, vascular smooth muscle, cardiomyocytes) [25] and cells of the immune system [26]. Calcitriol dose-dependently inhibits the production of pro-inflammatory cytokines that have a strong thrombocyte-stimulating potential [27,28]. It also promotes the activity of Tregs, Th2 lymphocytes, and anti-inflammatory cytokines while reducing the activity of Th1 lymphocytes [29,30]. Apart from the immunomodulatory effect, it was shown that the active form of vitamin D reduces the expression of the platelet adhesion molecule CD62P [31]. This discovery may have therapeutic effects in the prevention of thrombosis [31].



To date, there has been little published on the relationship between vitamin D levels and MPV [32]. The main objective of this study was to assess whether elevated MPV and P-LCR and, thus, the increased activity of thrombocytes is correlated with vitamin D levels in a cohort of patients with a history of MI.




2. Materials and Methods


This study is a part of a research project focused on the association between the level of vitamin D and the severity of coronary artery atherosclerosis in Polish cardiac patients. Recently, we showed pooled data of Polish patients hospitalized in the Cardiology Department who underwent diagnostic catheter angiography for the evaluation of coronary artery disease in the years 2013–2017 [33].



The results of analyses are presented in previously published articles where details of the study population and measurements (ACS and/or diabetes diagnosis, interview questionnaire, body mass index (BMI), concentration of total cholesterol (TC) and/or triglycerides (TGs), systolic and diastolic blood pressure, coronary angiography, and total 25(OH)D in participant serum and plasma) are described [34,35,36,37].



2.1. Population


In this study, the results of 268 patients aged 36–93 years with a history of a previous myocardial infarction treated with acetylsalicylic acid (181 men and 87 women) were included in the final statistical analysis. The studied group of patients was treated with comparable doses of statins (i.e., atorva or rosuvastatin).



Exclusion criteria were a platelet count < 100 or >450 × 103 μL; calcium–phosphate metabolism disorders, kidney disease (stage III and higher); active neoplastic process or paraneoplastic syndrome; increased values of inflammatory markers defined as a concentration of C-reactive protein > 5 mg/L and/or a total white blood cell count > 10,000 cells/μL; taking medications or dietary supplements with vitamin D and/or calcium.




2.2. Examinations


The biochemical tests of fasting blood from the cephalic vein were performed in a hospital laboratory using standard clinical–chemical tests. The serum concentration of 25(OH)D was determined with a DiaSorin LIAISON® 25 OH Vitamin D TOTAL Assay (DiaSorin, Stillwater, MN, USA) using a chemiluminescent immunoassay (CLIA) (range of detection: 4–150 ng/mL; precision: 5.0% CV; accuracy standard deviation: 1.2% [38]). The sensitivity and the coefficient of variation (CV) of this assay was 4.01 ng/mL and 18.5%, respectively. It was shown that the within-run CV of the Elecsys Vitamin D Total assay was ≤7%, the within-laboratory CV < 9.5%, the between-laboratory precision CV ≤ 10.1%, and functional sensitivity < 9.8 nmol/L [39].



The Elecsys Vitamin D Total Assay is comparable to liquid chromatography tandem mass spectrometry and appropriate for clinical use [40,41,42]. The 25(OH)D concentrations were measured in ng/mL (1 ng/mL is equivalent to 2.5 nmol/L [43,44]).



Vitamin D status was classified according to the Endocrine Society’s clinical practice guidelines for vitamin D deficiency: a concentration of 25(OH)D < 10 ng/mL was considered as a severe deficiency, ≥10 to <20 ng/mL as a moderate deficiency, ≥20 to <30 ng/mL as a mild deficiency, and ≥30 ng/mL as optimal [45]. Participants in our study were examined throughout the whole year. Examination data corresponded to the season of blood draw: winter months (November to April) and summer months (May to October) [46]. The Republic of Poland is a country located in Central Europe with a population of approximately 38.5 million people. Poland’s capital and largest metropolis is Warsaw (52°13′ N, 21°02′ E). Vitamin D can only be produced when there is UVB, which is present for only six months in Poland [47].



A coronary angiography was performed via radial or femoral artery access. The examination with the use of contrast and X-rays allowed for the assessment of the stenosis in the coronary arteries. The severity of coronary atherosclerosis was assessed by three independent cardiologists (visual assessment), and the CASS (Coronary Artery Surgery Study Score) was used for the classification [48]. In diagnostically difficult cases (moderate/significant stenosis of the coronary artery), fractional flow reserve (FFR) was used. CASSS is a four-point (0–3) scale, the final score being the sum of points reflects one-, two-, or three-vessel CAD [48]. A score of 1 was given for >70% stenosis of one of the major coronary arteries (right coronary artery, circumflex branch, or anterior descending branch). A minimum of 50% stenosis of the left main coronary artery was scored as two points. Acute coronary syndrome was diagnosed on the basis of the guidelines of the European Society of Cardiology [49]. The main criteria for the diagnosis of ACS were the increased concentration of markers of myocardial injury and the coexistence of at least one of the criteria mentioned (i.e., symptoms of stenocardia, ECG changes suggestive of ischemia, results of imaging tests showing myocardial necrosis, or coronary artery thrombus identified on coronary angiography).



The MPV is a precise measurement of platelet size and was calculated by hematology analyzers from the volume distribution during a routine blood count. The percentage of platelets with a size of more than 12.0 fL was defined as P-LCR.




2.3. Statistical Analysis


The Shapiro–Wilk test was used to evaluate the data distribution. To compare the results of continuous variables between the two groups, a Mann–Whitney Test or a t-test were used. Pearson’s chi-squared test or Fisher’s exact test were used to determine differences between prevalence in selected groups. Logistic regression analysis was used to assess the relationship between the cause of hospitalization and selected variables. The Spearman’s correlation coefficient (R) was calculated to illustrate the relationship among selected variables. A two-sided p-value < 0.05 was considered statistically significant. The statistical analysis was performed with STATISTICA 13 (StatSoft Inc., Tulsa, OK, USA). Figures were created using GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA).





3. Results


3.1. Participant Characteristics


The mean age of the study population was 67.0 (±11.2) years. The mean BMI value was assessed among 247 patients and was 28.0 (±4.4) kg/m2. Sixty-one (23%) participants had a normal body weight, 111 (41%) were overweight, and 75 (28%) patients were classified as obese. A history of diabetes or diagnosis during the then current hospitalization was found in 100 (37%) patients and pre-diabetes in 10 (4%) patients. On the basis of the lipid profile, hyperlipidemia was diagnosed in over half of the patients, despite statin treatment, i.e., in 145 (54%). Hypertension was present in 233 (87%) patients. Acute coronary syndrome as the cause of hospitalization was diagnosed in 160 (60%) patients (including NSTEMI in 63–24%, STEMI in 70–26%, and UA in 27–10%), while stable CAD was the cause in 108 (40%) patients. Active smoking during the study was declared by 85 (32%) patients, and 28 (11%) patients had smoked in the past. The study was carried out in the period from October to April in a group of 200 (75%) patients, and in the months from May to September in a group of 68 (25%) patients. Insignificant changes in the coronary arteries (CASSS 0) were found only in 13 (5%) patients. One-vessel coronary disease (CASSS 1) was found in 79 (30%) patients, two-vessel (CASSS 2) in 83 (31%), and three-vessel (CASSS 3) in 93 (35%) patients. The median serum 25(OH)D level in the entire study group was 14.0 ng/mL (4.0–48.3 ng/mL). The optimal level of 25(OH)D was found in only 14 (5%) subjects. A slight deficiency was noted in 50 (19%) patients, moderate in 134 (50%) patients, while 70 (26%) respondents were qualified to the severe vitamin D deficiency group. Detailed blood count data are presented in Table 1 and Figure 1.




3.2. Comparison between Patients with Stable Coronary Artery Disease and Patients with Acute Coronary Syndrome


Table 2 presents the factors influencing the cause of hospitalization.



Age, sex, smoking, and diabetes were the significant factors influencing the cause of hospitalization in the described group of patients. Table 3 presents the results for selected clinical parameters in the group of patients with stable CAD and patients with ACS.



There were statistically significant differences between patients with stable CAD and patients with ACS in the following parameters: vitamin D level and LDL level. There were statistically significant disproportions between the subgroups of patients in terms of sex, diabetes, hyperlipidemia, and smoking. Table 4 presents the results of the obtained results for selected blood count parameters in the group of patients with stable CAD and patients with ACS.




3.3. Correlation between Vitamin D Levels and Platelet Activity


There was a lack of significant correlation between the level of 25(OH)D and platelet activity in the whole group (Figure 2) as well as in the subgroups of patients (Table 5).





4. Discussion


In this study, we examined MPV and P-LCR values and serum 25(OH)D levels in a group of patients with a previous medical history of MI. Our current experiment substantiates previous findings in the literature. We confirmed that serum 25(OH)D concentration was significantly lower in subjects hospitalized due to the fact of subsequent MI compared with patients who had been diagnosed with CCS. Interestingly, in the studied groups of patients (subsequent ACS vs. CCS), there were no substantial differences in platelet activity parameters values. Moreover, none of the differences in the MPV and P-LCR values between patients hospitalized due to the fact of STEMI, NSTEMI, and UA were found to be statistically significant. In the analyzed group, over 95% of patients had one-, two-, or three-vessel CAD, and subsequent MI was the cause of hospitalization in nearly 60% of patients.



Numerous studies have demonstrated a direct proportion between the MPV value and the exacerbation of CAD symptoms. Patients with a diagnosis of CAD presented with an elevated mean thrombocyte size compared to the healthy population [8]. Analogously, patients diagnosed with ACS had higher MPV values than those with CCS [11,12]. Moreover, several authors have proven that elevated MPV was associated with a poor prognosis after MI [14,15,16,17,18]. A recent large meta-analysis determined the differences in mean thrombocyte size in groups of patients with an acute coronary event and diagnosis of CCS (0.84 and 0.46 fL, respectively). Patients with an MPV ≥ 7.3 fL were identified to have a two-fold higher chance of developing CAD [50]. Chu et al. revealed significant elevated MPV values in patients with MI compared with stable CAD (p < 0.001), and a healthy control group (p < 0.001). However, in comparison to patients with UA, no substantial difference in MPV value was found (p = 0.24) [51]. Perhaps the lack of a significant difference in the platelet activity parameters assessed in the present study results from the nature of the analyzed group. The study included patients after myocardial infarction, where in nearly 95% of patients, a significant stenosis was found in at least one of the main coronary arteries.



Few studies have been conducted so far to assess the relationship between MPV and 25(OH)D concentration. Cumhur Cure et al. have shown a statistically significant inverse relationship between MPV values and 25(OH)D concentrations in healthy subjects (p < 0.001) [32]. This finding was also confirmed in a group of patients with stable coronary artery disease [52] and in women with primary ovarian failure (p < 0.001) [53]. The obtained results indicate the impact vitamin D may have on the thrombogenic potential of platelets, thus being an individual risk factor of cardiovascular events. However, our results do not seem to confirm their observation [32,53]. In fact, they indicate a lack of influence of vitamin D on the activity of platelets. A study by Verdoia et al. has also presented the lack of 25(OH)D association with thrombocyte activity in patients treated with ASA in which the incidence of high platelet reactivity was low and independent of the 25(OH)D concentration. The opposite relationship was found in the case of P2Y12 receptor inhibitors (i.e., clopidogrel or ticagrelor) [54]. Significantly lower vitamin D levels in the MI subgroup demonstrated in the research are confirmed in cohort studies [55,56,57]. The concentration of 25(OH)D < 15 ng/mL was found to be associated with an almost two-fold higher risk of ACS. Ng et al. suggested that low vitamin D levels and a history of myocardial infarction increase the risk of recurrent major adverse cardiovascular events (MACE) including re-occurrence of ACS [56]. On the other hand, a 25(OH)D level above 7.3 ng/mL reduced the risk of non-fatal MACE in nearly 40% of patients with MI [56].



We are aware that our study has several limitations. Indirect, easily accessible platelet activity (i.e., MPV and P-LCR) assessment methods were used. More specific, high-priced methods of assessment could change the obtained results. In addition, thrombocytes are one of the many elements involved in the process of blood clotting on a ruptured atherosclerotic plaque, leading to the formation of a local thrombus underlying a heart attack. Perhaps more detailed and expensive methods, such as viscoelastic tests (VEAs), would change the results [58]. These methods, including thromboelastography (TEG) and rotational thromboelastometry (ROTEM), allow for the quantitative and qualitative measurement of the function of almost all components of clot formation and lysis including platelets, other blood cell components, fibrinogen, and clotting factors. The relationship between low vitamin D concentrations and reduced drug efficacy or resistance, as discussed in the medical world, may also have an impact on the presented results. Studies reported insufficient inhibition of thrombocyte aggregation by clopidogrel and ticagrelor in patients with lower vitamin D levels [54] or even clopidogrel resistance [59]. A significant association has also been demonstrated between severe vitamin D deficiency and higher platelet reactivity in diabetic patients receiving dual antiplatelet therapy (aspirin and clopidogrel or ticagrelor or prasugrel) [60]. Therefore, in our opinion, the use of VEA in the analyzed group of patients (group treated with ASA) could be even more justified. The phenomenon of platelet resistance to ASA was not considered. Another limitation of the present study was fact that the phenomenon of ASA resistance of platelets was not taken into account. The relationship between vitamin D levels and platelet activity parameters is nonlinear, which make analyses more complicated. Comorbidities other than CAD and factors that significantly affect the MPV value (e.g., diabetes, pre-diabetes, hypertension, obesity, metabolic syndrome, smoking, and lipid-lowering therapy) were not taken into account. The study included a relatively small number of patients, residents of only central Poland, mostly inhabitants of urban areas. The classification of the severity of atherosclerosis was based on coronary angiography, which does not take into account the occurrence of calcifications of the arteries that stabilize atherosclerotic plaques. All study participants were treated with a statin, but the study did not take into account the dose and duration of treatment. The presented study was cross-sectional and observational; consequently, it demonstrated a statistical association but cannot prove causation.



In addition to the well-documented effects of vitamin D on skeletal health, low 25(OH)D levels appear to increase the risk of cardiovascular disease. The causal relationship between this group of steroid hormones and cardiovascular mortality is still under discussion. The previous randomized controlled clinical trials have not demonstrated a beneficial effect of supplementation with this substance [61]; however, the studies most often included people without clinical signs of vitamin D deficiency [62,63]. On the other hand, the presented results of nonlinear MR analysis conducted in UK Biobank (44,519 patients with CVD and 251,269 in the control group) showed an L-shaped relationship of genetically predicted serum 25(OH)D concentration with the risk of CVD and blood pressure [64]. These results suggest that improving vitamin D status in patients with low concentrations may reduce the risk of CVD. Therefore, we propose considering vitamin D deficiency as an easily modifiable risk factor for CAD in patients after myocardial infarction.




5. Conclusions


In the group of patients with a history of MI treated with ASA, there were no significant differences in the parameters of platelet activity (i.e., MPV and P-LCR) regardless of the reason for hospitalization (subsequent MI vs. stable CAD). We found no significant correlation between serum 25(OH)D concentration and MPV or P-LCR. However, in patients with a consecutive coronary event, significantly lower serum concentrations of 25(OH)D were observed. This finding suggests the impact that this compound may have, despite ASA therapy, in the development of subsequent coronary events and requires detailed investigation.
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Figure 1. Participants’ detailed blood count data. 
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Figure 2. Correlation between serum 25(OH)D and selected platelet activity parameters. 
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Table 1. Participants’ detailed blood count data.






Table 1. Participants’ detailed blood count data.





	Parameter
	Values





	PLT (mcL) a
	224 (150–438)



	PDW (fL) a
	12.8 (1.1–24.1)



	MPV (fL) a
	10.8 (8.9–19.9)



	P-LCR (%) b
	31.5 ± 8.0







PLT—platelet count (109/L); PDW—platelet distribution width; MPV—mean platelet volume; P-LCR—platelet-large cell ratio. a Median and range; b mean and SD.
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Table 2. Factors influencing the cause of hospitalization.
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Factor

	
Estimate

	
Wald Statistics

	
95% CI

	
p-Value






	
Cause of hospitalization

	
Sex

	
0.42

	
5.74

	
0.08–0.76

	
<0.05




	
Age

	
−0.04

	
5.04

	
−0.07–−0.004

	
<0.05




	
BMI

	
0.01

	
0.14

	
−0.06–0.09

	
0.71




	
Diabetes mellitus

	
6.26

	
383.3

	
5.63–6.88

	
<0.001




	
Hyperlipidemia

	
−0.02

	
0.01

	
−0.34–0.30

	
0.91




	
Hypertension

	
−0.28

	
1.63

	
−0.72–0.15

	
0.20




	
Smoking

	
0.88

	
9.92

	
0.33–1.42

	
<0.01




	
CASSS

	
−0.06

	
0.04

	
−0.62–0.50

	
0.84




	
Serum 25(OH)D

	
−0.01

	
0.09

	
−0.05–0.03

	
0.76




	
Season during the examination

	
0.05

	
0.06

	
−0.31–0.41

	
0.80




	
MPV

	
−0.12

	
0.10

	
−0.88–0.63

	
0.75




	
P-LCR

	
−0.02

	
0.09

	
−0.11–0.08

	
0.76








95% CI—95% confidence interval; BMI—body mass index; CASSS—Coronary Artery Surgery Study Score.
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Table 3. Comparison of the obtained parameters between patients with stable coronary artery disease and patients with acute coronary syndrome.
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	Variable
	Stable CAD
	ACS
	p-Value





	N
	108
	160
	-



	Sex (♀/♂)
	27/81
	60/100
	<0.05



	Age (years)
	68.4 ± 9.4
	66.1 ± 12.2
	0.10



	BMI (kg/m2)
	27.7 ± 4.3
	28.3 ± 4.6
	0.34



	BMI class (1/2/3) *
	28/52/28
	33/59/47
	0.41



	Diabetes (no/yes/pre-diabetes)
	63/36/9
	95/64/1
	<0.01



	TC (mg/dL)
	162.5 (84.8–327.3)
	171.9 (70.9–338.3)
	0.07



	HDL (mg/dL)
	46.5 (14.6–113.2)
	44.5 (19.5–92.9)
	0.11



	LDL (mg/dL)
	81.9 (27.3–257.9)
	101.4 (24.4–244.3)
	<0.05



	TG (mg/dL)
	111.8 (37.9–417.0)
	115.4 (42.6–391.8)
	0.58



	Hyperlipidemia (no/yes)
	54/50
	53/95
	<0.05



	Hypertension (no/yes)
	15/93
	20/140
	0.74



	Smoking (no/yes/ex-smokers)
	62/24/22
	93/61/6
	<0.001



	CASSS (0/1/2/3)
	6/25/39/38
	7/54/44/55
	0.24



	Serum 25(OH)D (ng/mL)
	15.8 (4.0–46.9)
	13.1 (4.0–48.3)
	<0.05



	Season of the examination(November to April/May to October)
	78/30
	122/38
	0.46







* 1—<25; 2—25–30; 3—>30.
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Table 4. Differences in platelet activity parameters between patients with stable CAD and MI.
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	Parameter
	Stable CAD
	MI
	p-Value





	PLT (mcL)
	216 (150–438)
	227 (150–432)
	0.20



	PDW (fL)
	12.9 (8.8–24.1)
	12.8 (1.1–20.0)
	0.24



	MPV (fL)
	10.9 (9.1–19.9)
	10.8 (8.9–13.3)
	0.32



	P-LCR (%)
	32.1 ± 8.3
	31.0 ± 7.7
	0.26







PLT—platelet count (109/L); PDW—platelet distribution width; MPV—mean platelet volume; P-LCR—platelet-large cell ratio.
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Table 5. Correlation between serum 25(OH)D and selected parameters in both groups of patients.
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	Stable CAD
	ACS





	PLT (mcL)
	R = −0.07, p = 0.49
	R = −0.05, p = 0.53



	PDW (fL)
	R = −0.11, p = 0.25
	R = −0.01, p = 0.89



	MPV (fL)
	R = −0.13, p = 0.19
	R = −0.01, p = 0.86



	P-LCR (%)
	R = −0.13, p = 0.18
	R = −0.04, p = 0.61







PLT—platelet count (109/L); PDW—platelet distribution width; MPV—mean platelet volume; P-LCR—platelet-large cell ratio.
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