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ABSTRACT

Objective: Elevation of C reactive protein (CRP) is
one of the major acute-phase responses following
ischaemic or haemorrhagic stroke. This study aims
to investigate the associations between platelet
indices, neutrophil-to-lymphocyte ratio (NLR) and
erythrocyte sedimentation rate (ESR) compared with
CRP in patients with cerebral infarction.

Setting: The clinical data of patients with cerebral
infarction were analysed retrospectively.
Participants: We analysed, unduplicated, 516
patients with cerebral infarction (mean age 66.2
+12.7, male/female=291/225).

Outcome measures: Mean platelet volume (MPV),
MPV to platelet count, NLR and ESR were compared
with CRP in patients with cerebral infarction in a
single institute through Spearman correlation test.
Results: There were significant correlations between
CRP and MPV (p=0.088, p=0.045), NLR (p=0.4,
p<0.001) and ESR (p=0.468, p<0.001) in patients
with cerebral infarction. In the male group, NLR
(p=0.398, p<0.001) and ESR (p=0.502, p<0.001)
showed significant correlations with CRP. In the
female group, CRP showed significant correlations
with MPV (p=0.17, p=0.011), NLR (p=0.392,
p<0.001) and ESR (p=0.475, p<0.001).
Conclusions: MPV, NLR and ESR showed
significant correlation with CRP in patients with
cerebral infarction. MPV and NLR are cost-effective
and simple parameters that can be attainable by
using an automatic haematology analyser. Further
well-designed and large-scale prospective studies
are warranted to evaluate platelet indices or

NLR for monitoring patients with cerebral
infarction.

Strengths and limitations of this study

m Mean platelet volume (MPV), neutrophil-to-
lymphocyte ratio (NLR) and erythrocyte sedi-
mentation rate (ESR) were positively associated
with C reactive protein (CRP) in patients with
cerebral infarction, especially female patients.

= MPV, NLR and ESR may be useful parameters
for evaluating patients with cerebral infarction
compared with CRP.

= MPV or NLR are cost-effective and simple para-
meters that can be attainable by using an auto-
matic haematology analyser.

= Further well-designed studies are warranted to
understand the exact meaning of platelet indices
and NLR in monitoring of patients with cerebral
infarction.

INTRODUCTION

There have been many efforts to find useful
diagnostic markers for monitoring patients
with cerebral infarction. C reactive protein
(CRP) is a marker of inflammation and a hall-
mark of the acute-phase response.' Many
reports suggested that CRP was associated with
risk of stroke,>™* whereas some reports did not
find significant relations.” ® Recently, Liu et al’
reported that elevated high sensitivity-CRP
(hs-CRP) concentrations were associated with
a higher risk of ischaemic stroke, particularly
for non-fatal stroke, males and hypertensive
participants but there were no significant asso-
ciations between hs-CRP and intracranial
haemorrhage and subarachnoid haemorrhage

BM)

Lee J-H, et al. BMJ Open 2014;4:¢006275. doi:10.1136/bmjopen-2014-006275 1


http://dx.doi.org/10.1136/bmjopen-2014-006275
http://dx.doi.org/10.1136/bmjopen-2014-006275
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2014-006275&domain=pdf&date_stamp=2014-11-20
http://bmjopen.bmj.com

Open Access 8

in a large prospective study. Also, erythrocyte sedimenta-
tion rate (ESR), a classical acute-phase marker, was often
compared with CRP. Recently, there were a number of
reports dealing with platelet indices such as mean platelet
volume (MPV); MPV/platelet count (PC) ratios have clin-
ical indications in various conditions such as atheroscler-
osis,” 7 cerebral infarction'’ and active inflammatory
diseases;11 12 high MPV was even associated with frac-
tures."” Also, the neutrophil-tolymphocyte ratio (NLR)
parameter was reported to be an important measure of sys-
temic inflammation.'* However, platelet indices and NLR
have not been fully investigated in roles as useful surrogate
biomarkers of diagnosis in patients with cerebral infarc-
tion. This study aims to show any association between
platelet indices, NLR and ESR compared with CRP in
patients with cerebral infarction.

METHODS

Data extraction

Retrospectively, we analysed, unduplicated, 516 patients
with cerebral infarction (mean age 66.2+12.7 years,
male-to-female ratio 1.3 (291-225)) whose MPV, MPV/
PC ratio, NLR and ESR were compared with CRP from
January 2010 to September 2013. All patients’ medical
data were ethically protected and were solely analysed for
this retrospective study. CRP levels were determined by
HiSens hsCRP LTIA (HBI Co, Ltd, Anyang, Korea), latex-
enhanced turbidimetric immunoassay, as read on the
TBA-200FR NEO automated clinical chemistry analyser

Mean platelet volume
{MPV) (fL)

(Toshiba Medical Systems Corporation, Tochigi-ken,
Japan). PC, MPV, and NLR were measured by Beckman
Coulter LH 750 or 780 (Beckman Coulter, Miami, USA)
haematology analysers. ESR was measured by TEST 1
(Alifax, Padova, Italy), a closed automated analyser,
which determines the ESR using the aggregation capacity
of red blood cells by telemetry."”

Statistical analysis

All data were confirmed by using a Kolmogorov-Smirnov
test and Shapiro-Wilk test for identifying normal distri-
bution. The correlation analysis of the two parameters
was performed using Spearman correlation analysis
when normal distribution was not confirmed and a
Pearson correlation test was used when variables were
normally distributed. A p value of less than 0.05 was con-
sidered statistically significant. Statistical analyses were
performed wusing IBM SPSS Statistics V.20 (IBM
Corporation, Armonk, New York, USA).

RESULTS

The analysed parameters were not normally distributed
(p<0.05), therefore we trusted the Spearman correlation
analysis. CRP showed significant correlations with MPV
(p=0.088, p=0.045), NLR (p=0.4, p<0.001) and ESR
(p=0.468, p<0.001) in patients with cerebral infarction
(figure 1). However, MPV/PC (p=0.016, p=0.711) was
not significantly correlated with CRP in patients with
cerebral infarction. In the male group (n=291), CRP
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The correlation between mean platelet volume (MPV), neutrophil to lymphocyte ratio (NLR), erythrocyte

sedimentation rate (ESR) and C reactive protein (CRP) in cerebral infraction patients. p, Spearman’s rank correlation coefficient.
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showed significant correlations with NLR (p=0.398,
p<0.001), and ESR (p=0.502, p<0.001) in patients with
cerebral infarction. However, MPV (p=0.008, p=0.890)
and MPV/PC (p=—0.077, p=0.188) were not significantly
correlated with CRP in the male group. In the female
group (n=225), CRP showed significant correlations with
MPV (p=0.17, p=0.011), NLR (p=0.392, p<0.001) and
ESR (p=0.475, p<0.001) in patients with cerebral infarc-
tion. However, MPV/PC was not significantly correlated
with CRP (p=0.104, p=0.121) in the female group.

Although the analysed parameters were not normally
distributed, if the Pearson correlation test was used, CRP
showed significant correlations with MPV/PC (r=0.164,
p<0.001), NLR (r=0.517, p<0.001) and ESR (r=0.479,
p<0.001) in patients with cerebral infarction. However,
there was not a significant correlation between CRP and
MPV (r=0.068, p=0.121) in patients with cerebral infarc-
tion. Also, these similar results were noted in male
(n=291) or female (n=225) divided group analysis. In
the male group, CRP showed significant correlations
with MPV/PC (r=0.144, p=0.014), NLR (r=0.413,
p<0.001) and ESR (r=0.82, p<0.001) in patients with
cerebral infarction. In the female group, CRP showed
significant  correlations with MPV/PC  (r=0.197,
p=0.003), NLR (r=0.620, p<0.001) and ESR (r=0.484,
p<0.001) in patients with cerebral infarction.

DISCUSSION

There were many factors of cerebral infarction patho-
genesis. We thought activated platelets could be pro-
duced in various cerebral vascular diseases and these
conditions might increase MPV. The inflammation
seems to be related with the pathogenesis of cerebral
infarction. Inflammation is found to develop at a suffi-
ciently early stage in progressive ischaemic brain
injury.'® Besides cerebral infarction, our previous study
showed a positive correlation of CRP with MPV/PC and
NLR were noted in patients with pneumonia.'’
Recently, there were various studies that dealt with rela-
tionships between haematological indices and cerebral
infarction.'®"

Arikanoglu et al'® reported that CRP and MPV are
higher in the patients with ischaemic stroke who died in
comparison to those who survived. MPV is a novel index
for silent cerebral infarction regardless of classical car-
diovascular risk factors.'? Also, NLR predicts poor prog-
nosis in ischaemic cerebrovascular disease.”’ Although
CRP level and outcome of ischaemic stroke is under
debate,21 the inflammation might be related to a certain
progression of cerebral infarction. Therefore, CRP is a
representative inflammatory marker, and appears useful
in comparing new parameters with CRP in patients with
cerebral infarction.

For the first time, this study showed MPV and NLR as
expected ESR could be statistically correlated with CRP in
a moderate number of patients with cerebral infarction.
We identified that MPV was correlated with CRP overall

and in the female group, but was not correlated in the
male group. A report suggested that in Korea, women
had a higher median PC than men.** A few studies sug-
gested that men had slightly higher MPV than
women.” #* Only female MPV showed significant correl-
ation with CRP. The exact causes of gender difference
were not uncovered, but it might owe to a difference of
PC or hormonal differences between women and men.
In the Pearson correlation analysis, CRP showed signifi-
cant correlations with MPV/PC (r=0.164, p<0.001), NLR
(r=0.517, p<0.001) and ESR (r=0.479, p<0.001) in
patients with cerebral infarction. However, as all analysed
parameters were not normally distributed, we considered
it proper to interpret data by the Spearman correlation
test. Both NLR and ESR were positively correlated with
CRP in Pearson or Spearman correlation tests.

This study might support further related studies
dealing with an association between cerebral infarction
and inflammation. Also, MPV, NLR and ESR should be
further investigated for their ability to find the clinical
impact of disease progression and expectation of mortal-
ity in patients with cerebral infarction. Up to date, the
consensus diagnostic cut-off ranges of MPV and NLR
have not been established for evaluation of cerebral
infarction. Furthermore, platelet indices measure the
femtolitre (107'° L) levels and still have not been stan-
dardised; the results also vary from device to device.”
This study has some limitations such as the participants
were retrospectively analysed for quite a long time
(3 years and 8 months). We did not categorise specific
cerebral infarction types and did not strictly exclude
patients with additional disorders such as diabetes, car-
diovascular diseases and malignant diseases, which
might impact the level of enrolled parameters. In add-
ition, MPV can be influenced by the time interval
between sampling and analysis.”® MPV results become
increasingly unreliable after 4 h.*” Complete blood
count analysis in our laboratory has almost proceeded
within 4 h from sampling start.

In conclusion, we suggest the novel possibility that
MPV and NLR may be useful parameters for evaluating
patients with cerebral infarction compared with CRP.
Characteristically, MPV or NLR are inexpensive and
simple parameters that can be attainable by using an
automatic haematology analyser. Therefore, further well-
designed and large-scale prospective studies are war-
ranted to evaluate platelet indices or NLR for monitor-
ing patients with cerebral infarction.
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