
Research Article

The LIPL-PLATELET Study Postprandial LIPid Panels and 
PLATELET Activity in Coronary Heart Disease after
Treatment with PCSK9-Inhibitors

Abstract

Reports about a pleiotropic potential of pro-protein convertase 
subtilisin/kexin type 9 inhibitor are scarce. This hypothesis-gener-
ating study investigates the platelet reactivity after standardized 
Oral Fat Tolerance Testing (OFTT) under an optimized lipid-lower-
ing therapy (statin plus ezetimibe) alone and during the add-on 
treatment with the alirocumab. 

We investigated ten patients with Chronic Coronary Syndrome 
(CCS). Lipid variables and markers of platelet function were as-
sessed during the fasting state and 3 and 5 hours after OFTT using 
a milkshake with 90 g of fat. Measurements were performed in 
the same CCS patients under Dual Lipid-Lowering Therapy (DLLT) 
alone and after three months of add-on therapy with alirocumab. 

Postprandial inflammatory reaction did not change, irrespective 
of alirocumab. Neutrophile to lymphocyte ratio increased during 
the OFTT more significantly when on dual lipid-lowering therapy 
(p=0.021). The multiplate electrode aggregometry test with ASPI 
reagents (p=0.037) showed a paradoxically higher platelet reactiv-
ity five hours after OFTT with addition of alirocumab compared to 
the DLLT only. Platelet reactivity remained unchanged during OFTT 
in CCS patients before or after alirocumab therapy.

Altogether, alirocumab showed a trend of decreased post-
prandial inflammation and increase in platelet reactivity.
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Introduction

Lipid variables are evaluated mainly in the fasting state after 
a fasting period of up to 12 hours [1]. This can be not meaningful 
as, in reality, most of the patients are in a non-fasting state for 
the whole day, as it is suggested that atherosclerosis develops 
most frequently under the influence of non-fasting lipids [2-4]. 

It has been reported that postprandial Triglycerides (TGs) can 
better predict the presence of coronary artery disease than TGs 
measured during the fasting state [5-10]. Accordingly, evaluat-
ing the lipid profile independently of a fasting or postprandial 
state, i.e. after a defined lipid load, might be beneficial. 
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Very low-density lipoprotein and Low-Density Lipoprotein 
(LDL) play a role in platelet activation by changing the lipid com-
position and interactions between lipoprotein and lipoprotein 
receptors on the platelet membrane [11,12]. Moreover, an in-
crease in platelet cholesterol enhances the sensitivity of plate-
lets to aggregating agents [13]. On the contrary, High-Density Li-
poprotein (HDL-C) removes cholesterol from peripheral tissues, 
limits the content of intra-platelet cholesterol and modulates 
signals of the platelet pathway, thus preventing platelet activa-
tion [14]. 

Hypercholesterolemia can be treated with well-investigated 
lipid-lowering agents. Statins represent the first line medica-
tion within those agents and are considered to exert pleiotropic 
effects that may be explained by lipid-lowering and/or other 
mechanisms [15-17]. Recently, a new group of lipid-lowering-
treatment, the Proprotein Convertase Subtilisin/Kexin type 9 
inhibitors (PCSK9-I) alirocumab and evolocumab, both human-
ized antibodies, became available. So far, only a few reports 
of pleiotropic effects beyond their intense LDL-lowering effect 
have been reported [18-20] especially not in the postprandial 
phase. We assumed that measuring the impact of a defined 
lipid meal on lipid variables and platelet activation in Chronic 
Coronary Syndrome (CCS) patients, who are already on dual 
lipid-lowering agents, i.e. statins and ezetimibe, without or with 
additional use of PCSK9-I could contribute to a better under-
standing of potential anti-atherosclerotic pleiotropic effects of 
the PCSK9-I, alirocumab.

Methods

This study is an explorative and hypothesis-generating longi-
tudinal analysis of the potential pleiotropic effect of alirocumab 
in the same CCS population during an Oral Fat Tolerance Test 
(OFTT). The study was designed and performed according to 
the Helsinki criteria and evaluated and approved by the local 
ethics committee (EC Number: 17-093-0318). The study was 
registered in Eudra CT as a clinical trial (Eudra CT number: 2017-
003483-12). All patients undersigned an informed consent.

The study was conducted at the 3rd Medical Department, 
Cardiology and Intensive Care Medicine, at Clinic Ottakring (Wil-
helminen hospital), Vienna, Austria.

Study Population

The studied population consisted of ten symptom-free pa-
tients with CCS defined as a history of elective or acute per-
cutaneous coronary interventions at least two months prior to 
study inclusion. Study subjects were on dual antiplatelet thera-
py (aspirin and clopidogrel) and optimal lipid-lowering therapy 
(a combination of high-dosed, highly effective statins, or a maxi-
mally tolerated dose of statins, plus ezetimibe) at the time of 
inclusion. In case LDL-C was >55 mg/dl despite three months 
of lipid-lowering combination treatment, patients received a 
third lipid-lowering strategy, alirocumab (150 mg SC every two 
weeks for 12 weeks). Patients with relevant hematologic disor-
ders (haemoglobin<10 g/dl, platelet count <100 × 109 cells/l or 
platelet count >600 × 109 cells/l), with a known platelet function 
disorder, a history of alcohol abuse or drug addiction, and pa-
tients on oral anticoagulation were not included.

Study Conduction

Study subjects underwent two visits: Visit 1 was completed 
on dual lipid-lowering therapy with statins and ezetimibe (base-
line therapy). Visit 2 was performed three months after the first 

alirocumab injection. The baseline therapy stayed unchanged 
during the whole course of the study. An OFTT was performed 
at each visit and included three blood analyses: The first blood 
collection was performed after at least ten hours of fasting be-
tween 7 and 8 am. The morning medication was taken approxi-
mately one hour before the blood draw. Afterwards, subjects 
consumed a standardized high-fat meal in the form of a milk-
shake. Further blood samples were taken three and five hours 
later (Figure 1). The standardized high-fat meal consisted of 
whipping cream and contained 90 g fat, 62,35 g saturated fatty 
acid, and 42,7 g carbohydrates, respectively, with a correspond-
ing caloric intake of 1032, 8 kcal. The milkshake was consumed 
within 10 minutes under direct staff supervision, and patients 
were not allowed to perform any physical activity during the 
whole course of OFTT. Moreover, only beverages without sugar 
or fat were allowed during the five hours after the fat loading. 
The second blood draw was performed three hours and the 
third blood draw was performed five hours after the consump-
tion of standardized high-fat meal.

Analysis of Laboratory Parameters

Blood samples for routine lipid parameters and blood count 
were analyzed at the general laboratory of Clinic Ottakring with-
in 20 minutes after each blood draw. Blood collections were 
performed using vacuum tubes (Vacuette, Greiner. Bio-one 
GmbH), and the blood was centrifugated using the following 
program: 5°C, 4000 rpm for 30 minutes. Lipoprotein (a) (Lp (a)) 
was evaluated from the serum using particle-enhanced immu-
nonephelometry with the Atellica® NEPH 630 System. The rest 
of the lipid profile (HDL, TGs, total cholesterol, apolipoprotein 
A, apolipoprotein B) was estimated from the serum with Sie-
mens Dimension Vista. Leukocyte, neutrophilcount and platelet 
activation markers (mean platelet volume, platelet distribution 
width, reticulated thrombocytes) were investigated based on 
florescence flow cytometry using XN-3000, Sysmex.

Platelet function was assessed by the use of Multiplate Elec-
trode Aggregometry (MEA). Blood for the MEA assay was drawn 
into hirudin prepared blood tubes (Multiplate® Hirudin Blood 
Tube (Double-Wall), Roche Diagnostics GmbH, Mannheim, Ger-
many). The tests were performed using the Multiple Analyzer 
system (Roche Diagnostics GmbH, Mannheim, Germany) within 
ten minutes after the blood draws from the whole blood. The 
MEA assay detects the change in electrical impedance when 
platelets aggregate on metal electrodes in the test cuvette. The 
increase in impedance as aggregation occurs was transformed 
and presented in this study as Aggregation Units (AU). We used 
Adenosine Diphosphate (ADP) (concentration of 6.5 μmol/L, 
ADP test Reagent Kit, Roche Diagnostics GmbH, Mannheim, 
Germany) and arachidonic acid (ASPI) (concentration of 0.5 
mmol/L, ADP test Reagent Kit, Roche Diagnostics GmbH, 
Mannheim, Germany) as agonists in MEA.

Statistical Analysis

Parametric variables are presented as mean ± standard de-
viation. Non-parametric variables are shown as median with 
interquartile range. Normality analysis of laboratory values 
was performed visually through boxplot, and the Kolmogorov-
Smirnov. Differences in the laboratory parameters within the 
groups were determined using one-way repeated-measures 
ANOVA for normally distributed variables. Friedman test was 
used for not normally distributed variables. One patient was 
not included in the final analysis of platelet reactivity because 
of low response to P2Y12-inhibitors. 
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For all tests, a p-value of <0.05 was statistically significant. 
However, due to multiple measurements of laboratory param-
eters, Bonferroni correction was performed. Calculations were 
performed using the SPSS 27 statistical package for Macintosh 
(BM Corp. Released 2020, IBM SPSS Statistics for Macintosh, 
Version 26.0. Armonk, NY: IBM Corp).Only one author had full 
access to all the data in the study and takes responsibility for its 
integrity and the data analysis.

Results

The mean age of the study population was 58.9 years 
(±12.13), and 80% of the populations were males. All patients 
were on concomitant therapy with 100mg acetylsalicylic acid 
and the P2Y12-inhibitor clopidogrel 75 mg daily during the whole 
course of the study (Table 1).

Lipid Profile and Glucose

Under dual lipid-lowering therapy only, OFTT caused a sta-
tistically significant increase of TG concentration from baseline 
153.0 mg/dL (IQR=103.5) to 230.0 mg/dL (IQR=173.5) at three 
hours (p=0.035) after intervention, respectively. After three 
months of additional intake of alirocumab, TG concentration 
significantly increased from 116.5 mg/dL (IQR=83.0) at base-
line to 229.0 mg/dL (IQR=263.8) three hours (p<0.001) after 
fat loading (p=0.003). Five hours after fat loading, there was no 
difference in TG concentration irrespective of alirocumab treat-
ment (Figure 2). Other lipid variables such as total cholesterol, 
HDL-C, non-HDL-C, apolipoprotein A1, apolipoprotein B, Lp (a) 
were not impacted by OFTT before and after alirocumab treat-
ment. 

After three months of alirocumab treatment we observed 
a statistically significant decrease in total cholesterol from 
163.8 mg/dL (±34.4) at baseline to 101.3 mg/dL (±25.2) un-
der alirocumab (F (5,45)=39,829, p<0.001), non-HDL-Cfrom 
142.0 mg/dL (IQR=90.0) at baseline to 55.0 mg/dL (IQR=41.5) 
under alirocumab (p<0.001), and apolipoprotein B from 0.69 
g/dL (IQR=0.59) at baseline to 0.37 g/dL (IQR=0.22) under ali-
rocumab (p<0.001), respectively (Figures 3-5). In contrast, HDL-
C showed a trend for increase after three months of treatment 
with alirocumab compared to dual lipid-lowering therapy only 
(Figure 6). However, this difference was not statistically signifi-
cant. TG levels were significantly elevated under dual lipid-low-
ering therapy only compared with additional alirocumab treat-
ment, but the delta increase in TGs caused by OFTT was similar 
without or with PCSK9-I therapy. Moreover, there was no statis-
tically significant change in apolipoprotein a concentration after 
three months of treatment with alirocumab.  

The glucose level remained stable during the OFTT when on 
dual lipid-lowering therapy. There was no difference in glucose 
level during the OFTT between the two treatment strategies. 
After three months of additional intake of alirocumab, the level 
of glucose decreased statistically significantly from 91 mg/dL 
(IQR=19.0) during the fasting state at baseline to 85.0 mg/dL 
(IQR=11.5) five hours after fat loading (p=0.005) (Figure 7).

Postprandial Inflammation

OFTT-induced inflammatory reaction was reflected by a sta-
tistically significant increase of absolute leucocyte (p=0.002) 
and neutrophil counts (p<0.001) after fat loading inpatients 
irrespective of the alirocumab therapy. The leucocyte count 
raised from 6.4 G./L (IQR=2.2) at baseline to 7.7 G./L (IQR=3.4) 
three hours and 8.5 G./L (IQR=3.0) five hours after fat load-

ing when on dual lipid-lowering therapy. During the add-on 
alirocumab therapy, leucocyte count increased from 6.2 G./L 
(IQR=1.7) at baseline to 7.5 G./L (IQR=2.2) three hours, and 
7.8 G./L (IQR=2.9) five hours after fat loading. However, after 
Bonferroni correction there was no difference between each 
of the leucocyte count measurements. Moreover, under dual 
lipid-lowering therapy only, neutrophile count increased from 
baseline 3.4 G./L (IQR=1.2) to 4.5 G./L (IQR=2.0) at three hours 
and 4.7G./L (IQR=1.9) at five hours after the intervention, re-
spectively. After Bonferroni correction, there was no difference 
in neutrophile count. After 3 months of additional intake of ali-
rocumab, neutrophile count increased from 3.5G./L (IQR=0.9) 
at baseline to 4.4G./L (IQR=1.4) three hours (p=0.019) and to 
4.6G./L (IQR=2.0) five hours (p=0.042) after fat loading, respec-
tively. Although not statistically significant, there was nominally 
a decreasing trend in OFTT-induced inflammatory reaction pre-
sented by decreased leucocyte and neutrophile count, when on 
add-on alirocumab therapy (Figures 8,9).

Moreover, Neutrophile to Lymphocyte Ratio (NLR) increased 
significantly during the OFTT from 1.9 (IQR=0.99) at baseline to 
maximum of 2.6 (IQR=1.12) three hours after Fat Loading (FL) 
when on dual lipid-lowering therapy only (p<0.001). On the oth-
er hand, after three months of additional alirocumab treatment 
NLR increased from 1.9 (IQR=0.77) at baseline to maximum of 
2.5 (IQR=1.17) three hours after FL (p<0.001), (Figure 10). The 
increase of NLR during the OFTT was statistically significantly 
higher before the treatment with alirocumab (p=0.021). There 
was no difference in level of NLR between the two treatment 
strategies.

Platelet Function

Markers of platelet activation such as platelet count, mean 
platelet volume and platelet distribution width did not show 
any significant difference during OFTT in patients before and af-
ter add-on alirocumab therapy. Platelet aggregation during the 
OFTT measured by MEA revealed comparable results at baseline 
and 3 hours after OFTT in patients without or with alirocumab 
therapy, showing stable postprandial platelet activity as mea-
sured by ADP- and ASPI test, respectively. Interestingly, plate-
let aggregation measured five hours after OFTT by MEA with 
ASPI reagent showed a paradoxically higher platelet reactivity 
in patients on alirocumab 24.5 AU (IQR=64) vs 15.3 AU (IQR=15) 
without alirocumab, (p=0.037). Platelet aggregation measured 
with ADP reagent five hours after fat loading did not show any 
difference between two treatment strategies (Figures 11,12). 

Figure 1: Triglyceride concentration during the oral fat tolerance 
test.
OFTT- oral fat tolerance test, FL- fat loading
Blue boxplot- at baseline, no therapy with PCSK9-inhibitors, and 
solid line connecting each time point during the OFTT.  Green box-
plot- after three months of therapy with PCSK9-inhibitors, and 
dashed line connecting each time point during the OFTT.
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Figure 2: Neutrophile to lymphocyte ratio during the oral fat toler-
ance test.
OFTT- oral fat tolerance test, FL- fat loading
Blue boxplot- at baseline, no therapy with PCSK9-inhibitors, and 
solid line connecting each time point during the OFTT.  Green box-
plot- after three months of therapy with PCSK9-inhibitors, and 
dashed line connecting each time point during the OFTT.

Figure 3: Platelet activity measured by multiplate ADPtest during 
the oral fat tolerance test.
AU-aggregation units, OFTT- oral fat tolerance test, FL- fat loading
Blue boxplot- at baseline, no therapy with PCSK9-inhibitors, and 
solid line connecting each time point during the OFTT.  Green box-
plot- after three months of therapy with PCSK9-inhibitors, and 
dashed line connecting each time point during the OFTT.

Figure 4: Platelet activity measured by multiplate ASPI test during 
the oral fat tolerance test.
AU-aggregation units, OFTT- oral fat tolerance test, FL- fat loading
Blue boxplot- at baseline, no therapy with PCSK9-inhibitors, and 
solid line connecting each time point during the OFTT.  Green box-
plot- after three months of therapy with PCSK9-inhibitors, and 
dashed line connecting each time point during the OFTT.

Table 1: Baseline characteristics of the study population.

PCSK9-inhibitors group
N=10

Age, yrs (mean, ±SD) 58.9 (±12.13)

Male, n (%) 8 (80.0)

BMI, kg/m² (median, IQR) 27.54 (±2.66)

Comorbidities

Diabetes mellitus Type 2 2 (20.0)

• on OAD 2 (20.0)

• on insulin 0

Arterial hypertension, n (%) 8 (80.0)

History of acute coronary syndrome, n (%) 4 (40.0)

History of PCI, n (%) 10 (100.0)

History of CABG, n (%) 4 (40.0)

Positive family history for CAD, n (%) 3 (30.0)

Peripheral artery occlusive disease, n (%) 1 (10.0)

Cerebral occlusive disease, n (%) 3 (30.0)

Chronic kidney disease, n (%) 1 (10.0)

Previous smoking, n (%) 10 (100)

Therapy

Beta blockers, n (%) 5 (50.0)

ACE-inhibitors, n (%) 4 (40.0)

Calcium channel blockers, n (%) 1 (10.0)

Sartans, n (%) 3 (30.0)

Diuretics, n (%) 4 (40.0)

Acetylsalicyl acid, n (%) 10 (100.0)

Clopidogrel, n (%) 10 (100.0)

Discussion

To our knowledge, this study analyzed for the first time 
the possible pleiotropic effect of alirocumab therapy during 
the non-fasting state after a standardized fat loading. We ob-
served that treatment with alirocumab leads to 1) a significant 
improvement of the lipid profile with no significant effect on 
postprandial lipid profile; 2) a decreasing trend of postprandial 
inflammatory reaction, and 3) no significant change in platelet 
activation but a paradoxical increased platelet aggregation 5 
hours after OFTT under add-on alirocumab therapy compared 
to dual lipid-lowering therapy only. 

While other lipid variables as total cholesterol, HDL-C, non-
HDL-C, apolipoprotein A1, apolipoprotein B, Lp (a) were not 
influenced by OFTT, which agrees with previously published 
studies [8,21], OFTT caused a significant increase of TGs with 
maximum concentrations three hours thereafter. As shown pre-
viously, postprandial hypertriglyceridemia results in oxidative 
stress and inflammation and correlates with a higher risk for 
coronary heart disease [22-25]. In our hands, alirocumab nomi-
nally reduced TG concentration but did not prevent TG increase 
post-OFTT.

The main reason for additional treatment with PCSK9-I is 
to reach the treatment goal of less than 55 mg/dL in very-high 

ACE- angiotensin-converting enzyme, BMI- body mass index, CABG- 
coronary artery bypass graft, CAD- coronary artery disease, OAD- oral 
antidiabetic drug, PCI- percutaneous coronary intervention, yrs- years.
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risk patients with cardiovascular disease [26]. Previous studies 
showed that alirocumab could effectively reduce the LDL-C and 
non-HDL-C, apolipoprotein B, Lp (a) and TG while increasing 
HDL-C [27-29], results that could partially also be shown in our 
study.

Postprandial inflammation plays an essential role in endo-
thelial dysfunction and the development of atherosclerosis and 
consecutive thrombo-ischemic event rates [30,31]. Moreover, 
previous studies identified NLR as outcome predictor for sev-
eral cardiovascular diseases [32-34]. In our study, NLR increased 
more significantly in the postprandial phase during the dual 
lipid-lowering treatment. Hence, we can suggest that there is 
a decreasing trend of postprandial inflammation presented by 
leucocyte and neutrophile count, and NLR under alirocumab in 
CCS patients.

Marques et al. showed impaired leukocyte activation and re-
duced plasma levels of mediators involved in the activation and 
chemotaxis of neutrophils and eosinophils in patients with fa-
milial hypercholesterolemia after eight weeks of treatment with 
alirocumab [19]. In contrast, the meta-analysis published by 
Cao et al. found no reduction in hs-CRP levels under short-term 
treatment with PCSK9-I, irrespective of the agent (alirocumab, 
evolocumab, bococizumab) [35]. Moreover, Metzner et al. did 
not detect a change in systemic inflammatory biomarkers (CRP 
and MCP-1) after ten weeks of treatment with alirocumab [36]. 

Previously, several studies have focused on postprandial 
platelet reactivity. Most of them have shown higher platelet 
activation by means of an increased platelet count, increased 
P-select in levels, or increased platelet monocyte aggregates 
[37-40]. However, these studies were performed primarily on 
healthy males or patients with newly diagnosed diabetes mel-
litus type 2 on a diet without any concomitant pharmacother-
apy. In our hands, platelet activity and platelet aggregation re-
mained stable during OFTT in CCS patients. We assume that the 
reason for the unchanged platelet function was the effect of the 
concomitant dual antiplatelet therapy. An additional antiplate-
let action of statins can only be assumed but not proven [41-
44]. The paradoxically higher platelet aggregation measured 
by MEA five hours after OFTT under therapy with alirocumab 
is hard to explain and might be coincidentally and a matter of 
chance, especially as studies performed in the fasting state sup-
port a particular antiplatelet effect of alirocumab. They showed 
reduced TNFα-induced leukocyte-platelet adhesion and de-
creased platelet aggregation detected in platelet-rich plasma by 
light transmission aggregometry, decreased platelet membrane 
expression of CD62P and plasma levels of the in vivo platelet 
activation markers soluble CD40 lig and, platelet Factor-4, and 
soluble P-Selectin [18-20,45]. Another reason for this unex-
pected finding may be a postprandial hyperinsulinemia, which 
has been described to cause platelet hyperactivity [46]. In our 
study, the addition of alirocumab led to a significant decrease 
in glucose level during the OFTT, which is usually accompanied 
by hyperinsulinemia. However, we did not measure the insulin 
level in our study population. Hence, we can only speculate that 
the reason for significant glucose reduction during OFFT was 
higher postprandial hyperinsulinemia under alirocumab, which 
caused a temporary higher platelet aggregation after five hours 
from fat loading with little clinical evidence if at all. 

In contrast to our finding, data from larger and omized pla-
cebo-controlled trials showed that levels of glycated haemo-

globin and fasting plasma glucose remained unchanged under 
alirocumab, and there was no safety concern concerning new-
onset of diabetes mellitus type 2 [47-50].

Limitations and Strengths

This longitudinal pilot study was performed in a small patient 
group under comparable clinical conditions. It is strength of this 
study that the results obtained with or without alirocumab 
were obtained from the same and extremely well-defined study 
population.

Conclusion

As expected, the treatment with alirocumab significantly 
improved the lipid profile dramatically. However, there was no 
change in the postprandial lipid profile. Decreasing trend in the 
level of postprandial inflammation in patients on alirocumab 
therapy is of potential interest. Furthermore, a potential tem-
porary increase in platelet aggregation five hours after the fat 
loading measured by MEA under alirocumab was shown in this 
study. Due to the pilot- design of our study conclusions must 
be taken with care, can be seen only hypothesis-generating and 
would need confirmation by future investigation in bigger pa-
tient cohorts.
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