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the current cohort study. The recruitment time 
was from September to December 2019. Study 
participants were assessed based on the pres‑
ence of psoriasis as shown in the patient flow 
chart (Supplementary material, Figure S1). The 
presence of psoriasis was defined according to 
the medical history, as reported by the patient 
at the time of enrolment. Patients were random‑
ized (1:1) to receive ticagrelor 90 mg twice a day 
and clopidogrel 75 mg once a day, with a pre‑
ceding loading dose of 180 mg in the ticagrelor 
group and 600 mg in the clopidogrel group. We 
collected consecutive patients with and without 
psoriasis assuming that the proportion of pa‑
tients without psoriasis would be twice as high. 
Randomization was not stratified according to 
the presence of psoriasis. Platelet reactivity was 
measured before saturation with a loading dose 
and a month after treatment with ticagrelor or 
clopidogrel. PRU levels were compared between 
4 selected groups of patients (ticagrelor + psori‑
asis, ticagrelor + no psoriasis, clopidogrel + pso‑
riasis, and clopidogrel + no psoriasis). The meth‑
odology for quality of life assessment, severity of 
psoriasis, and measurement of platelet activity 
is included in Supplementary material, the Pa-
tients and methods section (references M1–M6). 
The research was preliminary with the purpose 
of generating a hypothesis, therefore, no min‑
imum sample size was established. The study 
complied with the Declaration of Helsinki. The 
institutional review board as well as the local 
bioethical committee approved the study. All 
patients provided their written informed con‑
sent to participate in the trial.

Introduction  The link between severe psoriasis 
and increased risk of cardiovascular mortality, in‑
dependent of traditional risk factors, has been 
proven in the literature.1 One of the major mech‑
anisms attributed to an increased risk of athero‑
sclerosis progression in patients with severe pso‑
riasis is an elevated level of systemic inflamma‑
tion.2 Psoriasis is also associated with noncalci‑
fied coronary plaque burden and the prevalance 
of high‑risk coronary plaque.3 The differences be‑
tween ticagrelor and clopidogrel with regard to the 
effect on platelet activity assessed by P2Y12 reac‑
tion units (PRU) have been demonstrated among 
patients with acute coronary syndromes (ACSs), 
with ticagrelor showing a significantly better in‑
hibitory effect.4 It has been further proven that 
certain concomitant diseases, such as diabetes 
mellitus, additionally reduce the inhibitory effect 
of clopidogrel, but not ticagrelor.5 In the current 
guidelines of the European Society of Cardiology 
on antiplatelet therapy, clopidogrel is considered 
the default P2Y12 inhibitor for patients with chron‑
ic coronary syndrome (CCS) and treated with per‑
cutaneous coronary intervention (PCI).6 However, 
ticagrelor or prasugrel therapy is often applied in 
patients with CCS after elective PCIs who are at a 
very high risk of in‑stent thrombosis or restenosis.

In the current study, we aimed to assess the im‑
pact of psoriasis on antiplatelet activity of ticagre‑
lor versus clopidogrel among patients with CCS 
treated with PCI.

Patients and methods  Patient selection, interven-
tion, and outcome measures  Patients with CCS 
and treated with elective PCI were included in 
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(IQR) percentage inhibition from baseline in PRU 
did not differ between the psoriatic and nonpso‑
riatic patients (97 [93.2–97.7] vs 97 [96–99]; P = 
0.15) (Figure 1A and 1B).

Clopidogrel group  The median (IQR) PRU val‑
ue at baseline was comparable between psori‑
atic and nonpsoriatic patients (205 [174–215] 
vs 219 [198.7–233]; P = 0.18). After the 30‑day 
treatment with the P2Y12 inhibitor, the median 
(IQR) PRU value was greater in psoriatic compared 
with nonpsoriatic patients (155.5 [105.2–205.2] 
vs 109.5 [59.7–149.7]; P = 0.051). The mean per‑
centage inhibition at baseline in PRU was low‑
er in psoriatic compared with nonpsoriatic pa‑
tients (19 [6.7–41.2] vs 49 [20.7–70.7]; P = 0.01) 
(Figure 1A and 1B).

Discussion  The data from available analyses con‑
firm that the use of ticagrelor and prasugrel in Po‑
land is low. In fact, it is much lower than it would 
appear from the number of patients undergo‑
ing PCI in ACSs.7 Nevertheless, the use of new 
P2Y12 inhibitors has increased in the recent years 
among patients with ACS. Conversely, the use of 
conventional P2Y12 inhibitors is very rare in CCS 
patients undergoing elective PCI, and limited to 
those at very high risk of thrombosis or resteno‑
sis, which remains in line with the current guide‑
lines.6 The differences in the antiplatelet activi‑
ty of ticagrelor and clopidogrel are mainly due to 
the different mechanisms of action. Because ti‑
cagrelor does not follow the same metabolic path‑
way as clopidogrel, there is also a proportion of 
patients who respond poorly to treatment with 
that drug.8 Differences in the effectiveness of ti‑
cagrelor and clopidogrel were shown in patients 
with CCS as well as in subgroups with comorbidi‑
ties, such as diabetes.9 A number of available ran‑
domized trials showed better effectiveness of ti‑
cagrelor compared with clopidogrel with regard 
to inhibition of P2Y12 in patients with ACS. It has 
also been demonstrated by Bhatt et al10 that in 
patients with diabetes, stable coronary artery dis‑
ease, and previous PCI, ticagrelor added to aspirin 
reduced cardiovascular death, myocardial infarc‑
tion, and stroke, although with increased rates of 
major bleeding. It was also concluded that long
‑term therapy with ticagrelor—in addition to as‑
pirin—should be considered among patients with 
diabetes and with a history of PCI who have toler‑
ated antiplatelet therapy, are at high ischemic risk 
and low risk of bleeding. By contrast, in the re‑
cently published results of a large randomized 
trial by Silvain et al,11 it has been demonstrated 
that ticagrelor was not superior to clopidogrel in 
reducing periprocedural myocardial necrosis af‑
ter elective PCI in patients with CCS. The results 
of that study support the use of clopidogrel as 
the standard of care for elective PCI.

Considering the study limitations, the main 
weakness of the presented research is the small 
group of patients, which allows only to consid‑
er this study as preliminary, with the purpose of 

Study end points  The primary end point regard‑
ed PRU levels on treatment with a P2Y12 inhibitor 
for at least 30 days and the percentage PRU re‑
duction from baseline. Additionally, we assessed 
PRU levels at baseline in order to exclude any po‑
tential baseline differences in PRU.

Statistical analysis  Continuous variables were re‑
ported as medians (interquartile ranges [IQRs]) 
in the case of asymmetrical distribution, and 
categorical variables were given as frequencies 
and percentages. Due to small sample size, dif‑
ferences between groups were compared using 
the Mann–Whitney test. Ordinal variables were 
also compared using the Mann–Whitney test. 
Nominal variables were compared by the χ2 test 
or the Fisher exact test if 20% of cells had an ex‑
pected count of less than 5. P values were adjust‑
ed to control multiple comparison problem using 
the Steel–Dwass method for continuous parame‑
ters and the Bonferroni correction for categorical 
parameters. Statistical analyses were performed 
with JMP, version 16.0.0 (SAS Institute Inc, Cary, 
North Carolina, United States).

Results  Data on baseline characteristics and pa‑
rameters characterizing patients with psoriasis 
are presented in Supplementary material, Ta-
bles S1 and S2.

Overall group  The median (IQR) PRU value did 
not differ between the clopidogrel and ticagre‑
lor groups at baseline (212.5 [198.4–230.7] vs 
193 [174–222]; P = 0.13). After 30 days of treat‑
ment with a P2Y12 inhibitor, the median (IQR) 
PRU values were greater in the clopidogrel group 
when compared with the ticagrelor group (121 
[81.5–180.5] vs 5 [2–8]; P <0.001). The median 
(IQR) percentage inhibition from baseline in PRU 
was greater in the ticagrelor group when com‑
pared with the clopidogrel group (97 [96–99] vs 
40 [14.2–57.5]; P <0.001) (Figure 1A and 1B).

Psoriatic group  The median (IQR) PRU val‑
ue at baseline was comparable among patients 
treated with clopidogrel and ticagrelor (205 
[174–215] vs 190.5 [152–239.2]; P = 0.89). After 
30‑day treatment with a P2Y12 inhibitor, the me‑
dian (IQR) PRU value was greater in the clopi‑
dogrel group when compared with the ticagre‑
lor group (155.5 [105.2–205.2] vs 6 [4–9.7]; P = 
0.004). The median (IQR) percentage inhibition 
from baseline in PRU was greater in the ticagre‑
lor group when compared with the clopidogrel 
group (97 [93.2–97.7] vs 19 [6.7–41.2]; P <0.001) 
(Figure 1A and 1B).

Ticagrelor group  The median (IQR) PRU value 
at baseline was comparable between psoriatic and 
nonpsoriatic patients (190.5 [152–239.2] vs 193 
[180–218]; P = 0.73). After 30 days of treatment 
with a P2Y12 inhibitor, the median (IQR) PRU val‑
ue was similar in psoriatic and nonpsoriatic pa‑
tients (6 [4–9.7] vs 4 [2–8]; P = 0.21). The median 
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when treated with clopidogrel, psoriasis could 
limit its antiplatelet activity.

Supplementary material

Supplementary material is available at www.mp.pl/paim.
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generating a hypothesis. Another important aspect 
is the lack of long‑term follow‑up to show wheth‑
er the lower platelet inhibition when using clopi‑
dogrel in this particular population is associated 
with a higher risk of major cardiovascular events.

Conclusions  Based on the results of the present‑
ed study, psoriasis seems to have no effect on 
the extent of platelet inhibition by ticagrelor in 
patients with CCS treated with PCI; however, 

Figure 1�  A – platelet activity expressed in P2Y12 reaction units (PRU) among 4 selected groups of patients 
at baseline and after treatment with a P2Y12 inhibitor; B – percentage of reduction in PRU at baseline and after treatment 
with a P2Y12 inhibitor in 4 selected group of patients. The horizontal line within the box represents the median sample 
value. The ends of the box represent the first and third quartiles. The whiskers extend from the ends of the box to 
the outermost data point that falls within these distances: first quartile – 1.5 × (interquartile range) and third quartile 
+ 1.5 × (interquartile range). If the data points do not reach the computed ranges, then the whiskers are determined by 
the upper and lower data point values (not including outliers).
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