Clinical research

Nicotinic acid/laropiprant reduces platelet count
but increases mean platelet volume in patients

with primary dyslipidemia

Anastazia Kei, Moses Elisaf

Department of Internal Medicine, School of Medicine, University of loannina,
loannina, Greece

Submitted: 8 August 2011
Accepted: 25 September 2011

Arch Med Sci 2014; 10, 3: 439-444
DOI: 10.5114/a0ms.2014.43738
Copyright © 2014 Termedia & Banach

Abstract

Introduction: Nicotinic acid (NA) has been associated with reduced cardio-
vascular morbidity and mortality. Of note, beyond its lipid-modifying actions,
NA possesses a number of not yet thoroughly defined pleiotropic actions
including anti-inflammatory and antithrombotic effects. As a growing body
of evidence points towards mean platelet volume (MPV) and platelet distri-
bution width (PDW) as independent risk factors for cardiovascular disease,
it would be interesting to evaluate the effect of NA on these platelet indices.
Material and methods: We recruited 50 consecutive patients with dyslip-
idemia who were treated with a conventional statin dose (10-40 mg sim-
vastatin or 10-20 mg atorvastatin or 5-20 mg rosuvastatin) and had not
achieved the low-density lipoprotein cholesterol (LDL-C) or non-high-density
lipoprotein cholesterol (non-HDL-C) goal. Add-on-statin treatment with ex-
tended release (ER) NA/laropiprant (1,000/20 mg/day for the first 4 weeks
followed by 2,000/40 mg/day for the next 8 weeks) was given to all patients
for 3 months.

Results: The ER-NA/laropiprant resulted in a 20% reduction in platelet count
(from 277,150/ul (min: 163,000/pl — max: 223,400/ul) to 220,480/ul (min:
141,000/ul = max: 319,000/pl), p < 0.001), while it increased MPV by 3.5%
(from 11.4 fl (min: 9.2 fl = max: 13.6 fl) to 11.8 fl (min: 9.5 fl — max: 14.1 fl),
p = 0.01), without affecting PDW significantly (from 14.6 fl (min: 10.5 fl -
max: 19.3 fl) to 14.5 fl (min: 11 fl — max: 21.1 fl), p = NS).

Conclusions: The NA is associated with reduced platelet count but with in-
creased MPV, thereby raising questions regarding NA’s antithrombotic and
vasculoprotective properties.

Key words: nicotinic acid, niacin, mean platelet volume, platelets, platelet
distribution width.

Introduction

A growing body of evidence points towards platelet indices as inde-
pendent risk factors for cardiovascular disease. Increased mean platelet
volume (MPV) has been associated with a higher rate of myocardial in-
farction, stroke and vascular mortality, while both high MPV and platelet
distribution width (PDW) have been associated with microvascular com-
plications in diabetic patients [1-3].

Nicotinic acid (NA) comprises the oldest hypolipidemic drug in use
since 1955 [4]. A number of clinical trials have demonstrated that NA
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reduces cardiovascular events and total mortali-
ty in patients with coronary heart disease [5, 6].
In addition, NA has several pleiotropic effects in-
cluding anti-inflammatory, antithrombotic and
anti-oxidant actions, as well as neuroprotection
after stroke [7]. Of note, NA is contraindicated in
patients with active arterial bleeding, since it has
been associated with small reductions in platelet
count (by 11% with 2000 mg/day extended re-
lease (ER) NA) [8]. Recently, the European Medi-
cine Agency approved a fixed combination of
extended release (ER) NA with laropiprant (a pros-
taglandin D2 receptor 1 (DP1) antagonist) which
reduces NA-induced flushing without altering the
beneficial effects of NA on lipid profile [9].

We aimed to study the effect of ER-NA/laropip-
rant on platelet indices in patients with primary
dyslipidemia who were currently being treat-
ed with a conventional statin regimen but had
not achieved treatment goals. To the best of our
knowledge such a study has not been performed
before. Secondary endpoints included changes in
lipid profile, high sensitivity C-reactive protein (hs-
CRP), fasting plasma glucose, homeostasis model
assessment of insulin resistance (HOMA-IR) and
blood pressure (BP).

Material and methods
Study population

Consecutive subjects with primary hypercho-
lesterolemia (n = 50) attending the Outpatient
Lipid and Obesity Clinic of the University Hospi-
tal of loannina, loannina, Greece were recruited.
Eligible patients were those treated for at least
3 months with a conventional statin dose (10—
0 mg simvastatin or 10-20 mg atorvastatin or 5-
20 mg rosuvastatin) and their low-density lipopro-
tein cholesterol (LDL-C) or non high-density lipo-
protein cholesterol (non-HDL-C) levels were above
those recommended by the National Cholesterol
Education Program Adult Treatment Panel Ill (NCEP-
ATP Ill) based on each patient’s risk factors [10].

Subjects with triglycerides (TG) > 500 mg/dl
(5.65 mmol/l), renal disease (serum creatinine lev-
els > 1.6 mg/dl; 141 pmol/l), hypothyroidism (thy-
roid stimulating hormone (TSH) > 5 IU/ml) and liver
disease (alanine aminotransferase (ALT) and/or
aspartate aminotransferase (AST) levels > 3 times
the upper limit of normal in 2 consecutive mea-
surements) were excluded from the study. Patients
with hypertension and/or diabetes were consid-
ered eligible if they were on stable medication for
at least 3 months and their BP and/or glycemic pro-
file were adequately controlled (no change in their
treatment was allowed during the study period). No
changes in antiplatelet, antihypertensive or antidi-
abetic treatment were allowed during the study.

All patients were given add-on-current-statin
treatment with ER-NA/laropiprant (1000/20 mg/
day for the first 4 weeks, followed by 2000/40 mg/
day for the next 8 weeks) for a total of 3 months.

All patients were given similar dietary advice.
Compliance with treatment and lifestyle habits
were assessed by questionnaire and tablet count.
All study participants gave their written informed
consent prior to enrolment and the Ethics Com-
mittee of the University Hospital of loannina ap-
proved the study protocol.

Laboratory measurements

Visits took place at baseline and 12 weeks
after the start of treatment. At each visit, blood
samples for laboratory tests were obtained after
a 12-h overnight fast. For all patients the same
EDTA standardized blood tubes were used and
all blood samples were analyzed within 2 h after
venipuncture to avoid bias due to EDTA-induced
platelet swelling. All samples were processed in
an automated hematology analysis system (Sys-
mex X2100, Kobe Japan). Serum total cholesterol
(TC), HDL-C, triglycerides (TG) and fasting plasma
glucose were determined enzymatically using an
Olympus AU 600 analyzer (Olympus Diagnostica
GmbH, Hamburg, Germany). The LDL-C was cal-
culated using the Friedewald equation (provided
that TG were < 350 mg/dl (3.95 mmol/l)). The
hs-CRP was measured using the N High Sensitiv-
ity CRP assay (Dade-Behring, Marburg, Germany)
with particle-enhanced immunonephelometry.
The reference range of the assay is 0.175 mg/!
to 55 mg/l. Fasting insulin levels were measured
using an AzSYM microparticle enzyme immuno-
assay on an AzSYM analyzer (Abbott Diagnostics,
Abbott Park, Illinois). HOMA-IR was calculated as
follows: fasting insulin (mU/l) x fasting plasma
glucose (mg/dl)/405. Additionally, at each visit, BP
was measured in triplicate in the right arm after
patients had rested for 10 min in a sitting posi-
tion. Measurements were performed by trained
clinicians using an electronic sphygmomanometer
(WatchBP Office, Microlife WatchBP AG, Widnau,
Switzerland).

Statistical analysis

The Kolmogorov-Smirnov test was used to eval-
uate whether each parameter followed a Gauss-
ian distribution and logarithmic transformations
were accordingly performed. Values are given
as mean * standard deviation (SD) and median
(range) for parametric and non-parametric data,
respectively. The differences of study parameters
between baseline and post-treatment values were
evaluated by paired samples t-test (or Wilcoxon’s
rank test for non-Gaussian variables). Statistical
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significance was set at p < 0.05. Analyses were
performed using SPSS version 15.0 (SPSS Inc.,
Chicago, Illinois).

Results

Recruitment took place from December 2009
to October 2010, and follow-up ended in January
2011. Initially, 55 Caucasian patients were en-
rolled. Fifty patients (29 men, 58 +14 years) com-
pleted the study, since 5 participants dropped
out due to flushing (baseline characteristics and
medications of study participants are presented in
Table I). The compliance rate was > 80% in all par-
ticipants who completed the study. No changes in
body weight, dietary habits (including salt intake),
antihypertensive, antiplatelet or antidiabetic med-
ications were reported during follow-up.

The ER-NA/laropiprant resulted in a 20%
reduction in platelet count (from 277,150/ul
(163,000-223,400) to 220,480/ul (141,000-
319,000), p < 0.001), while it increased MPV by 3.5%
(from 11.4 fl (9.2-13.6) to 11.8 fl (9.5-14.1), p =
0.01) without affecting PDW significantly (from 14.6
fl (10.5-19.3) to 14.5 fl (11-21.1), p = NS) (Table I).

Moreover, add-on-statin ER-NA/laropiprant sig-
nificantly reduced TC, TG, LDL-C and non-HDL-C
by 15%, 25%, 19% and 24%, respectively, while it
increased HDL-C by 13% (all p < 0.01), compared
with baseline. In contrast, hs-CRP levels were not
altered significantly (Table I). Of note, fasting
plasma glucose increased by 6% (from 105 +20
mg/dl to 111 +27 mg/d|, p = 0.01) and HOMA-IR
increased by 27% (from 2.2 (0.5-10.8) to 2.8 (0.5—
17.3), p = 0.03). In addition, ER-NA/laropiprant
resulted in a significant 7% reduction of systolic
BP (p < 0.001 vs. baseline) and a significant 5% re-
duction of diastolic BP (p = 0.009 vs. baseline) (Ta-
ble I). The observed increase in MPV values was
not significantly correlated with lipid, hs-CRR BPR,
platelet count, fasting plasma glucose or HOMA-IR
changes (data not shown).

Discussion

To the best of our knowledge this is the first
study to assess the effect of ER-NA/laropiprant
on platelet size indices. We demonstrated that
ER-NA/laropiprant treatment is associated with
a significant decrease in platelet count, while it
increases MPV without significantly altering PDW.

In general, platelet size, expressed as MPV, re-
flects platelet activity as larger platelets represent
immature, hyperactive platelets which release
more prothrombotic mediators, thereby promot-
ing atherothrombotic processes [11, 12]. The MPV
is an emerging risk factor for overall vascular mor-
tality and ischemic heart disease, since for MPV
values > 11 fl hazard ratios were comparable to
those reported for obesity or smoking [1]. More-

Table I. Baseline characteristics and medications of
study participants (n = 50)

Parameter Results
N (females/males) 50 (21/29)
Age, mean + SD [years] 58 +14
Current smokers, n (%) 20 (40)
Diabetes mellitus, n (%) 10 (20)
Metabolic syndrome, n (%) 24 (48)
Body weight, mean + SD [kg] 8110
BMI, mean + SD [kg/m?] 29.1 £3.1
Waist circumference, mean + SD [cm] 99 +8
SBP. mean + SD [mm Hg] 134 +12
DBP, mean + SD [mm Hg] 81 +9
Hypertensive subjects, n (%) 18 (51)
TC, mean + SD [mg/dl] 202 +42

Triglycerides [mg/dl] 164 (141-187)

HDL-C, mean + SD [mg/dl] 47 +11
LDL-C, mean + SD [mg/dl] 112 35
Medications at baseline N (%)

Clopidogrel 8 (16)

Aspirin 15 (30)
B-Blockers 15 (30)
HCTZ 21 (42)
ACEI/ARB 22 (44)
Calcium channel blockers 20 (40)
Metformin 18 (36)
Pioglitazone 2 (4)

Sulfonylurea 10 (20)
Insulin 5 (10)

Atorvastatin 5-20 mg/day 17 (34)
Simvastatin 10-40 mg/day 18 (36)
Rosuvastatin 5-20 mg/day 15 (30)

BMI — body mass index, SBP — systolic blood pressure, DBP —
diastolic blood pressure, TC — total cholesterol, HDL-C — high-density
lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol,
HCTZ - hydrochlorothiazide, ACEIl — angiotensin-converting enzyme
inhibitor, ARB — angiotensin receptor blocker. Values are expressed
as mean + standard deviation (except for triglycerides, which are
expressed as median (range))

over, increased MPV has been associated with
acute coronary syndrome and increased arterial
stiffness [13, 14]. Higher MPV values obtained af-
ter the onset of symptoms in patients with acute
ischemic stroke were associated with larger in-
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Table Il. Clinical and laboratory parameters at baseline and 3 months post-treatment

Parameter Baseline 3 months Percentage
change (%)
Platelet count [platelets/pl] 277,150 (163,000-223,400) 220,480 (141,000-319,000) —20"
Mean platelet volume [fl] 11.4 (9.2-13.6) 11.8 (9.5-14.1) +3.5"
Platelet distribution width [fl] 14.6 (10.5-19.3) 14.5 (11-21.1) -0.7
TC, mg/dl [mmol/I] 202 42 (5.2 £1.1) 171 +37 (4.4 +1) —15'
Triglycerides, mg/dl [mmol/I] 164 (141-187) 123 (97-148) —25™
[1.9 (1.6-2.1)] [1.4 (1.1-1.7)]
HDL-C, mg/dl (mmol/1) 47 +11 (1.2 £0.3) 53 +16 (1.4 £0.4) +131
LDL-C, mg/d! (mmol/1) 112 +35 (2.9 £0.9) 91 +34 (2.4 £0.9) —19t
Non-HDL-C, mg/dl (mmol/l) 155 +37 (4.0 £1) 118 +34 (3.1 £0.9) =241
Systolic blood pressure [mm Hg] 134 +12 125 +10 =7
Diastolic blood pressure [mm Hg] 81 +9 77 6 =51
Fasting plasma glucose, mg/dl (mmol/l) 105 +20 (5.8 #1.1) 111 £27 (6.2 £1.5) +67
HOMA-IR 2.2 (0.5-10.8) 2.8 (0.5-17.3) +277
hs-CRP [mg/] 2.2 (0.5-5.2) 2.4 (0.4-6.3) +9

TC - total cholesterol, HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol, non-HDL-C — non-
high-density lipoprotein cholesterol, hs-CRP — high-sensitivity C-reactive protein, HOMA-IR — homeostasis model assessment of insulin
resistance. Values are expressed as mean + standard deviation [except for platelets, MPV, PDW, triglycerides, HOMA-IR, hs-CRP which are
expressed as median (range)]. 'p < 0.05 vs. baseline, 'p < 0.001 vs. baseline

farct volume on CT brain scans and with worse
clinical outcome [3]. Additionally, among patients
with atrial fibrillation, those with MPV > 8.9 fl had
a significantly higher stroke rate compared with
patients with MPV < 8 fl [15]. In hypertensive
patients MPV was associated with proteinuria,
left ventricular mass index, hs-CRP carotid inti-
ma-media thickness and 24 h ambulatory blood
pressure measurements [16]. Higher MPV values
have also been associated with increased coro-
nary heart disease prevalence in diabetic patients,
thrombolysis failure in patients with ST-elevation
myocardial infarction, as well as decompensation
and death in patients with heart failure [17-19].
Data regarding the effects of drugs on MPV are
few. Aspirin has no effect on MPV, while treatment
with rosuvastatin (10 mg/day for 12 weeks) was
associated with MPV reduction (from 8.4 1.2 fl to
8.1 £1.3 fl, p < 0.001) in dyslipidemic patients [20,
21]. Of note, this effect was not correlated with
changes in plasma lipids, as was the case in our
study with ER-NA/laropiprant [21].

Similarly, PDW, which measures the variabil-
ity in platelet size, represents another marker of
platelet activation [22]. It has been demonstrated
that PDW values are higher in patients with rheu-
matoid arthritis compared with healthy subjects,
while among patients with rheumatoid arthritis
both PDW and MPV values were found higher in
those who also had cardiovascular disease [23]. In
addition, both MPV and PDW were found higher in

diabetic patients compared with healthy controls,
while among diabetics PDW was higher in those
with microvascular complications [2]. However,
data are controversial since in a large prospective
trial with 1882 patients with coronary artery dis-
ease undergoing coronary angiography, PDW was
not associated with the prevalence of coronary
artery disease or with carotid intima-media thick-
ness [24]. Of note, it has been established that MPV
associates directly with PDW [22]. However, in our
study ER-NA/laropiprant had no significant effect
on PDW, despite significantly increasing MPV.
Even though there are only a few data, laro-
piprant does not seem to affect platelet reactivity
when given alone or with ER-NA [25, 26]. On the
other hand, laropiprant’s effect on platelets can-
not be totally excluded since laropiprant has mod-
est activity at platelets’ thromboxane receptor
(TP), which may alter platelet function either by
enhancing platelet reactivity through DP1 antago-
nism or by inhibiting platelet aggregation through
TP antagonism. In fact, laropiprant has been asso-
ciated with a small, transient inhibition of plate-
let responsiveness to collagen without clinically
meaningful alteration of platelet function [26].
Moreover, concomitant administration of aspirin
or clopidogrel with NA and/or laropiprant may
not have the same effect on platelets compared
to NA monotherapy. In fact, concomitant daily
administration of laropiprant 40 mg with clopido-
grel 75mg or aspirin 81 mg resulted in a 4-5% in-
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crease in bleeding time at 24 h after the last dose
compared to bleeding time after treatment with
clopidogrel or aspirin alone. On the other hand,
inhibition of platelet aggregation was not affected
by co-administration of laropiprant [27]. Of note,
in our study almost half of the participants (45%)
were on aspirin and/or clopidogrel. The reported
increase in MPV was similar in the subgroup of pa-
tients receiving compared to patients not receiv-
ing antiplatelet therapy, even though the small
study population does not allow us to clarify as-
pirin’s or clopidogrel’s effect. Noteworthy, taking
into consideration the fact that ER-NA/laropiprant
treatment lowers BP and elevates HDL-C, it comes
as a surprise that ER-NA/laropiprant did not result
in MPV reduction, as both hypertension and low
HDL-C levels have been directly correlated with
increased MPV levels [16, 28-30]. But how did
ER-NA/laropiprant increase MPV? Since MPV has
been directly correlated with fasting plasma glu-
cose levels and the HOMA index, an explanation
could be that the ER-NA/laropiprant-induced in-
creases in fasting plasma glucose levels and in in-
sulin resistance could result in higher MPV values
[22, 28]. However, MPV changes were not signifi-
cantly correlated with fasting plasma glucose and
HOMA-IR changes in our study. Moreover, MPV has
been occasionally inversely correlated with plate-
let count; thus the ER-NA/laropiprant-induced
platelet count reduction may have resulted in the
reported increase in MPV levels [24, 28]. However,
platelet count reduction was not correlated with
MPV changes in our study population.

In the Atherothrombosis Intervention in Met-
abolic syndrome with low HDL/high triglycerides:
Impact on Global Health outcomes (AIM-HIGH) tri-
al 3500 patients with established cardiovascular
disease and dyslipidemia who received simvasta-
tin with or without ezetimibe at a dose sufficient
to maintain LDL-C at 40-80 mg/dl were random-
ized to receive ER-NA (1500-2000 mg/day) or pla-
cebo. The primary end point was time to the first
occurrence of coronary heart disease death, non-
fatal myocardial infarction, ischemic stroke, hospi-
talization for acute coronary syndrome or symp-
tom-driven coronary or cerebral revascularization
with average follow-up of 4.1 years. However, the
trial was halted prematurely, 18 months ahead of
schedule, as ER-NA treatment offered no addition-
al benefit beyond statin therapy, while a small,
unexplained increase in ischemic stroke rate was
reported in the NA group [31, 32]. The increased
stroke rate can be associated with our findings
regarding the effect of ER-NA on MPV, taking into
consideration that MPV may comprise an inde-
pendent risk factor for stroke [3, 15]. However, the
small number of patients in our study does not
allow firm conclusions.

Moreover, in The Heart Protection Study 2-Treat-
ment of HDL to Reduce the Incidence of Vascu-
lar Events (HPS-2 THRIVE) study, 25,673 patients
with established vascular disease on simvastatin
(£ ezetimibe) were randomized to ER-NA/LRPT
(2000/40 mg/day) or placebo. After nearly 4 years
of follow-up ER-NA/LRPT did not significantly
reduce coronary deaths, nonfatal myocardial in-
farctions, strokes, or coronary revascularizations
compared with statin (+ ezetimibe) monother-
apy. What is more, ER-NA/LRPT was associated
with an excess of serious nonfatal side effects
which led to the decision to suspend this drug
worldwide.

In conclusion, overall, ER-NA/laropiprant in-
creased MPV in patients with primary dyslipid-
emia. This result may provide a piece of the puzzle
of how the oldest hypolipidemic drug works and
raises concerns about yet unknown pleiotropic ac-
tions of NA. However, whether this effect of NA on
MPV translates into increased cardiovascular risk
remains to be established.
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