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Abstract

Obijectives: This retrospective study aimed to investigate and analyze the clinical significance of
blood platelets (PLTs) and mean platelet volume (MPV) in patients with ulcerative colitis (UC).
Methods: A total of 132 patients with UC and 208 healthy subjects were enrolled. PLTs, MPV,
platelet-large cell rate (P-LCR), C-reactive protein (CRP), fibrinogen (FIB) and D-dimer were
analyzed. Correlations were calculated between disease activity/extent of disease and MPV, PLT,
and CRP levels in patients with UC.

Results: PLT levels were significantly higher while MPV and P-LCR were lower in patients with
UC compared with controls. Disease activity was positive correlated with CRP (r =0.564) and
PLT (r =0.307) but negatively correlated with MPV (r = —0.351). Extent of disease was positively
correlated with CRP (r =0.312) but showed no correlation with PLTs and MPV. FIB and D-dimer
were higher in patients with UC, but the difference in FIB levels was not statistically significant.
Conclusions: PLTs and MPV are potential biomarkers for UC disease activity. These data
may help clinicians to attain a more comprehensive judgment of the general condition of patients
with UC.
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Introduction

Ulcerative colitis (UC) is a nonspecific
inflammatory bowel disease of unknown eti-
ology." The pathogenesis of UC is multifac-
torial and is related to genetic predispositions,
epithelial  barrier defects, dysregulated
immune responses, and environmental fac-
tors.” Current evidence implicates inflamma-
tory responses caused by abnormal intestinal
mucosal immunity as key drivers of disease
pathogenesis.> The most common clinical
manifestations are bloody stools and diar-
rhea. Recently, many studies have demon-
strated that patients with inflammatory
bowel disease (IBD) may have increased
risks of venous thrombosis (VTE).?

Platelets (PLTs) play a critical role in
hemostasis. However, a growing number
of studies support their important role as
inflammatory amplifiers in chronic inflam-
matory diseases.* Impaired platelet activa-
tion may cause persistent mucosal
inflammation through P-selectin, CD40-
CD40L, and other systems in granulocytes,
macrophages, and endothelial cells.>® PLTs
are activated during the inflammatory pro-
cess and secrete mediators such as platelet
factor 4, platelet activating factor,
interleukin-8, and arachidonic acid metab-
olites.>’ These mediators deliver activating
signals to target cells, including endothelial
cells and myelomonocytic cells, resulting in
amplification of inflammation.’

Because IBD is an immune-related dis-
ease, several immune-associated markers
have been explored including C-reactive
protein (CRP), erythrocyte sedimentation
rate (ESR), perinuclear anti-neutrophil
cytoplasmic antibodies, and cytoplasmic
anti-neutrophil cytoplasmic antibodies.’
Clinical studies found an increase in blood
platelet counts and plateletcrit levels, as
well as a significant decrease in mean plate-
let volume (MPV) and platelet distribution
width, in patients with UC and Crohn’s dis-
ease (CD).“*'% It has thus been proposed

that these changes may serve as new inflam-
matory biomarkers of IBD.

In this study, we aimed to document
changes in blood platelets and their mor-
phological parameters, analyze associations
between these factors and manifestations
such as disease activity and extent of dis-
ease, and examine the potential roles of
these factors as biomarkers of UC.

Patients and methods

Patients with UC admitted to The Central
Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science
and Technology (Wuhan, China) from
September 2015 to May 2019 were enrolled
in the study. Healthy subjects were included
as controls. Diagnosis of UC was based on
clinical, radiological, endoscopic, and histo-
logical criteria.'' Extent of UC disease was
classified by the extent of colonic involve-
ment according to the Montreal classification
as follows: ulcerative proctitis (E1); left-sided
colitis (E2); or extensive colitis (E3). UC dis-
ease activity was determined according to the
Mayo score as follows: remission (0-2 points);
mild activity (3-5 points); moderate activity
(6-10 points); or severe activity (11-12
points). The grouping of patients with UC is
summarized in Figure 1.

Data on PLTs, MPV, platelet-large cell
rate (P-LCR), fibrinogen (FIB), D-dimer,
and CRP at admission were collected from
electronic medical records. All patients under-
went colonoscopy during hospitalization.

This retrospective study was conducted
according to principles laid out in the
Declaration of Helsinki and was approved
by the Ethical Committee of The Central
Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science
and Technology (approval number:
2021004). Verbal informed consent was
obtained from patients and healthy subjects
or their legal guardians. All patient details
were de-identified.
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Figure |. Study flow diagram.

Table |. Demographic characteristics, PLT counts, and PLT morphological parameters of patients with UC

and healthy controls.

Characteristics Patients with UC (n=132) Controls (n=208) P-value
Age, years 49.42 4+ 14.57 51.66£10.10 0.124
Female, n (%) 60 (45.5%) 110 (52.9%) 0.182
PLTs (10°/L) 265.390 + 106.040 219.850+51.324 <0.001
MPV (fL) 9.289 £ 1.615 9.910+£1.620 0.001
P-LCR (%) 23.670 +£8.220 28.204 +8.248 <0.001

Data are shown as mean =+ standard deviation or n (%).

PLT, platelet; UC, ulcerative colitis; MPV, mean platelet volume; P-LCR, platelet-large cell rate.

Statistical analysis

All statistical analyses were conducted
using SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA). Measurement data
were summarized as mean =+ standard devi-
ation (SD). Differences between and among
groups were assessed using the Student’s t-
test and one-way ANOVA, respectively.
Categorical data were summarized as
counts (%). Differences between categorical
variables were assessed using the
Chi-square test. Pearson’s correlation coef-
ficients and Spearman’s correlation coeffi-
cients were used to analyze correlations
between CRP, PLTs, MPV and disease
activity or extent of disease. Correlation
coefficients (r) were reported as follows:
0<r< 1, positive correlation; —1 <r<0,
negative correlation; and r =0, no correla-
tion. Values of P <0.05 were considered
statistically significant.

Results

Basic and clinical parameters
of the study population

A total of 132 patients with UC and 208
healthy subjects were enrolled in the
study. Among the 132 patients with UC,
16 had ulcerative proctitis (E1), 35 had
left-side colitis (E2), and 81 had extensive
colitis (E3). Five patients were in remission,
43 had mild disease activity, 74 had moder-
ate disease activity, and 10 had severe dis-
ease activity.

The characteristics of the study popula-
tion, including demographic information,
PLT counts and PLT morphological
parameters, are summarized in Table 1.
There was no difference in age or gender
distribution between patients with UC
and controls. The mean (+ SD) ages of
patients with UC and controls were
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49.42 + 14.57 years and 51.66+ 10.10 years,
respectively. Overall, 60 (45.5%) of patients
with UC and 110 (52.9%) of controls were
women. Compared with controls, the PLT
counts of patients with UC were significant-
ly higher (265.390+ 106.040 x 10°/L vs.
219.850451.324 x 10°/L) (P<0.01). MPV
(9.289 +1.615 fL vs. 9.9104+1.620 fL) and
P-LCR (23.670£8.220% vs. 28.204+
8.248%) were significantly lower in patients
with UC compared with controls (P < 0.01).

Correlations between disease activity and
CRP, PLTs, and MPV in patients with UC

Levels of CRP, PLT and MPV in patients
with different UC disease activities are
shown in Table 2 and Figure 2. The mean
levels of CRP and PLTs in patients with
severe UC disease activity were 4.743 +
3.100mg/dL and 346.100 & 84.125 x 10°/L,
respectively, remarkably higher than levels
in the other three groups (P < 0.01). By con-
trast, the mean level of MPV in patients

Table 2. CRP, PLTs, and MPV in patients with different UC disease activity.

Disease activity. Remission (n=5) Mild (n=43) Moderate (n=74) Severe (n=10) P-value
CRP (mg/dL) 0.234+0.514 0.625+1.136 2.053+2.332 4.743+3.100 <0.001
PLTs (I 09/L) 242400 £93.071 226.230+81.316 278.790+ 114.070 346.100+84.125 0.004
MPV (fL) 10.380 £ 0.268 9.934+1.748 8969+ 1.418 8.343 + 1.691 0.001
Data are shown as mean = standard deviation (SD).
CRP, C-reactive protein; PLT, platelet; UC, ulcerative colitis; MPV, mean platelet volume.
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Figure 2. Histogram of C-reactive protein (CRP) (a), platelets (PLTs) (b) and mean platelet volume (MPV)
(c) in patients with different UC disease activity (remission, mild, moderate, or severe). Data were
expressed as mean = standard deviation (SD). **P < 0.01 vs. remission group.
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with severe UC disease activity was 8.343 +
1.691 fL, significantly lower than in the
other three groups (P<0.01). Table 3
shows correlations between disease activity
and CRP, PLT, and MPV levels in patients
with UC. Disease activity was positively
correlated with CRP (r=0.564, P <0.001)
and PLTs (r=0.307, P<0.001) but nega-
tively correlated with MPV (r=-0.351,
P <0.001). The absolute values of the cor-
relation coefficients, r, for PLT and MPV
were lower than that of CRP.

Correlations between extent of
disease and CRP, PLTs, and MPV
in patients with UC

Table 4 and Figure 3 show levels of CRP,
PLT and MPV in patients with different
extent of UC disease. The mean level of
CRP in the E3 group was 2.18142.580
mg/dL, remarkably higher than in the
other two groups (P < 0.05). There was no
significant difference in PLT and MPV
levels among patients with difference

Table 3. Correlations between UC disease activ-
ity and CRP, PLTs, and MPV.

Disease activity

Coefficient r P-value
CRP (mg/dL) 0.564 <0.001
PLT (I09/L) 0.307 <0.001
MPV (fL) —0.351 <0.001

CRP, C-reactive protein; PLT, platelet; UC, ulcerative
colitis; MPV, mean platelet volume.

extents of UC disease. Table 5 shows corre-
lations between extent of disease and CRP,
PLTs, and MPV in patients with UC.
Extent of disease was positively correlated
with CRP (r=0.312, P <0.001). There was
no evident correlation between extent of
UC disease and PLTs or MPV.

Comparison of FIB and D-dimer levels
between patients with UC and controls

FIB was tested in the entire study popula-
tion at admission, while D-dimer was tested
in only a few patients. Levels of FIB and D-
dimer in patients with UC and controls are
shown in Table 6. There was no significant
difference in FIB between patients with UC
and controls. Compared with controls, D-
dimer levels were elevated in patients with
UC (0.699 £ 0.448 pg/mL vs. 0.181 £0.094
pg/mL) (P <0.05).

Discussion

Previous studies demonstrated that PLTs
both regulated coagulation and thrombosis
and were involved in the occurrence and
development of intestinal inflammation in
IBD.*'? Our study found that in patients
with UC, PLTs were significantly elevated
compared with controls. This indirectly
suggests that intestinal inflammatory reac-
tions stimulate PLTs, activating and
increasing the PLT count.

The mechanisms underlying the abnor-
mal increase in PLT count in patients with
IBD are not well understood. It has been

Table 4. CRP, PLTs, and MPV in patients with different extents of UC disease.

Extent of disease El (n=16) E2 (n=35) E3 (n=8l) P-value
CRP (mg/dL) 0.536 £0.746 1.217+1.803 2.181 £2.580 0.010
PLTs (10°/L) 211.310+£61.575 287.850 + 134.650 266.360 + 95.860 0.056
MPV (fL) 9.609 + 1.972 9.299+1.319 9.221 £ 1.666 0.683

Data are shown as mean =+ standard deviation (SD).

CRP, C-reactive protein; PLT, platelet; UC, ulcerative colitis; MPV, mean platelet volume.
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Figure 3. Histogram of C-reactive protein (CRP) (a), platelets (PLTs) (b) and mean platelet volume (MPV)
(c) in patients with different extent of UC disease (El, E2 or E3). Data were expressed as mean =+ standard
deviation (SD). *P < 0.01 vs. El group, **P < 0.001 vs. El group.

Table 5. Correlations between extent of UC dis-
ease and CRP, PLTs, and MPV.

Extent of disease

Coefficient r P-value
CRP (mg/dL) 0.312 <0.001
PLTs (I09/L) 0.145 0.097
MPV (fL) —0.078 0.375

CRP, C-reactive protein; PLT, platelet; UC, ulcerative
colitis; MPV, mean platelet volume.

shown that the survival time of PLTs does
not change significantly following inflam-
mation of the colon,'® suggesting the
increased PLT counts may be related to
increased platelet production. Of note,
thrombopoietin levels in patients with IBD
were significantly higher than those of the
general population; this hormone is a key
factor in platelet formation.'*'> Although

increased PLT count is associated with
IBD disease activity, it is not an indepen-
dent predictor of thrombotic events in
patients with IBD, as many other diseases,
such as malignancies, can also cause
increases in PLTs.*

Our study found that levels of PLTs in
patients with UC were higher than those of
controls, whereas MPV and P-LCR levels
were lower. Some studies have suggested
that decreased MPV is closely related to
increased blood PLT counts in patients
with IBD, indicating that increasing PLT
production results from large platelets in
the body being consumed in large quanti-
ties. However, some studies also suggest
that large platelets are metabolically and
enzymatically more active,'® and that
PLTs are heavily activated in IBD to form
aggregates, resulting in depletion of larger
PLTs."” This would explain why MPV and
P-LCR were significantly lower in patients
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Table 6. Comparison of FIB and D-dimer levels between patients with UC and healthy controls.

ucC Controls P-value
FIB (g/L) 2.8431+0.799 (n=132) 2.626 +2.242 (n=208) 0.286
D-dimer (ug/mL) 0.699+0.448 (n=17) 0.181 +0.094 (n=28) <0.001

Data are shown as mean =+ standard deviation (SD).
UC, ulcerative colitis; FIB, fibrinogen.

with UC compared with controls in our
study. These results differ from those of a
study by Gawronska et al.'® These authors
also found that PLTs were higher in
patients with UC compared with a control
group, whereas MPV and P-LCR were
lower, but the differences were not statisti-
cally significant. These discrepancies may
have been related to the limited number of
patients with UC in their study (N =32).
MPV is an easily determined parameter
in the clinic, and is believed to provide
important information on the course and
prognosis of many pathological conditions
including cardiovascular and respiratory
diseases, rheumatoid arthritis, IBD, diabe-
tes, and neoplastic diseases.'® MPV in
patients with active IBD was lower than
in patients who achieved remission."”
However, Ozturk et al.® suggested that
MPV decreased to a greater extent in
patients with remissive UC. Yuksel et al.'®
found that MPV was negatively correlated
with disease activity in patients with UC,
consistent with our results. The authors
reported that MPV could differentiate
patients with active and remissive UC, and
found that the overall accuracy of MPV in
identifying patients with active UC was
higher than CRP or ESR. They concluded
that MPV was the best indicator for evalu-
ating disease activity in patients with UC."
In our study, we also found that MPV was
negatively correlated with disease activity in
patients with UC. However, we found that
the correlation between CRP and UC dis-
ease activity was higher than that between
disease activity and MPV or PLTs.

Moreover, CRP was also correlated with
extent of disease. Thus, CRP may be a
useful biomarker of UC disease activity
and extent of disease. Therefore, our data
suggest that MPV may play an auxiliary
role in assessing the condition of patients
with UC. MPV has some disadvantages
when compared with the traditional inflam-
matory marker, CRP.

IBD mainly affects the digestive tract,
but extraintestinal manifestations also
occur. These include bone disease, skin dis-
ease, and eye injury as well as involvement
of the coagulation and hemostatic systems,
the anticoagulation system and the fibrino-
lytic system, potentially leading to throm-
botic events.® The risk of VTE in patients
with IBD was two to three times higher
than in control subjects.?® Several studies
found that patients with UC had a higher
incidence of VTE than patients with
CD.2"?? In our study, D-dimer levels were
assessed in only a few patients. We found
that FIB and D-dimer levels were elevated
in patients with UC compared with con-
trols. Although the difference in FIB was
not statistically significant, these findings
suggest that UC may be associated with a
hypercoagulable state. The limited D-dimer
data collected in the patients with UC stud-
ied here suggests that clinicians may gener-
ally underemphasize this parameter.
Therefore, D-dimer screening should not
be ignored in patients with UC, especially
in younger patients who may have a higher
risk of blood hypercoagulability.*

This study was limited by its retrospec-
tive design and small sample size. In
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addition, the study did not include many
patients in remission, and we did not per-
form logistic regression to further assess
whether PLT and MPV may be predictive
of UC diagnosis.

In conclusion, PLT and MPV may
reflect disease activity in patients with UC,
providing clinicians with an alternative way
to assess patients’ general condition beyond
traditional inflammatory markers (e.g.,
CRP and ESR). Because platelet detection
is easy and cheap, these biomarkers may be
usefully applied to patients with UC as they
undergo outpatient follow-up.
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