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Mean platelet volume can indicate dietary adherence
and disease severity of celiac disease
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ABSTRACT

OBJECTIVE: At present, there is no reliable indicator for dietary compliance and disease severity in patients with celiac
disease (CD). The aim of this study is to evaluate mean platelet volume (MPV) level as a biomarker for detection of disease
activation, dietary adherence, and assessment of disease severity.

METHODS: Eighty-one patients with CD and 50 healthy subjects were enrolled in this study. The diagnosis of CD was estab-
lished by both positive antibodies against endomysium or gliadin and histopathological criteria (lymphocytic infiltration and
total villous atrophy in duodenal biopsies).

RESULTS: MPV was observed to be significantly higher among CD patients when compared to healthy controls (8.14+0.26
fL vs. 7.82+0.29 fL and p=0.001). Overall dietary adherence rate was 72.8% (58/81 CD patients). After induction of a
gluten-free diet, the MPV was significantly lower in the dietary adherent group than non-adherent patients (7.86+0.17 fL vs.
8.07+0.30 fL and p=0.001). The increase of MPV was correlated with Marsh classification (Marsh 3 active CD vs. Marsh 2
active CD vs. Marsh 1 active CD; 8.32+0.27 fL vs. 8.124+0.19 fL vs. 7.98+0.19 fL; p=0.004 and p=0.009).

CONCLUSION: Based on these data, we believe that increased MPV can provide additional benefit to screening in patients

with CD. It can indicate the activation of the disease and adherence to the diet.
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Celiac disease (CD) is an autoimmune disorder
that affects genetically predetermined individuals,
causing underlying sensitivity to gluten. Predominant
pathology in CD is progressive inflammation of the
small intestine. This inflammation ultimately results
in malabsorption, unless gluten-containing food is re-
stricted [1]. Removing gluten from the diet is the main
therapeutic approach that can achieve significant clin-
ical and serologic improvement in most patients with
CD [2]. The diagnosis of CD requires the presence of

typical clinical symptoms, detection of serum antibod-

ies against endomysium or gliadin and the presence of
histopathological Marsh criteria (including pathog-
nomonic findings, e.g., the presence of intraepithelial
lymphocytes, villus atrophy, and crypt hyperplasia) [3].
Monitoring of antibody titers and evaluation of muco-
sal biopsy have some limitations during daily clinical
practice. At present, none of the markers are reliable
indicators for dietary adherence and disease severity
in patients with CD. A group of patients present with
mild clinical and laboratory findings that may lead to
delayed diagnosis [3-5]. Early diagnosis is important
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to prevent the development of CD-related complica-
tions (Anemia, vitamin and mineral disorders, osteo-
penia, osteoporosis, malabsorption, and development
of T-cell lymphoma) [1, 2, 6]. Mean platelet volume
(MPV) has recently been recognized as an important
inflammatory marker in a variety of chronic inflam-
matory diseases, including ulcerative colitis, Crohn’s
disease, and connective tissue diseases. Although some
studies show negative correlation between MPV and
disease activity, various researchers have reported a sig-
nificant relation between MPV and disease severity [7].
Correlation between MPV and CD was first reported
by Oberhuber [8] Purnak et al. [9] reported MPV as a
biomarker for monitoring dietary adherence over time
in patients with CD. The aim of this study is to investi-
gate the value of MPV and platelet level as biomarkers
for detection of disease activation, dietary adherence,
and also assessment of disease severity.

MATERIALS AND METHODS

This study was carried out applying good clinical prac-
tice to comply with the Helsinki Declaration. Ethical
approval (#2019/16-149) for the study was obtained
from the Institutional Ethical Review Board of Er-
zurum Regional Training and Research Hospital on the
December 16, 2019. Celiac patients diagnosed at the
Gastroenterology Department of Erzurum Regional
Training and Research Hospital between January 2014
and December 2018 were enrolled in the study. Cases
with symptoms of CD, positive antibodies to gliadin
and/or endomysium, typical findings of CD on endo-
scopic evaluation and positive histopathological findings
of CD according to the modified Marsh classification in
duodenal mucosal biopsies were considered to be active
celiac patients [1, 3]. Hemogram, routine biochemical
examinations, endoscopic findings, ultrasound findings,
histopathological evaluation findings in duodenal biop-
sy and Marsh classification, anti-gliadin, and endomy-
sium antibody levels were retrospectively scanned and
recorded in all patients with CD.

Dietary compliance was questioned and recorded
during first control visit, 3 months after the initiation
of gluten-free celiac diet therapy. Patients, who did not
show any signs of CD, had complete dietary adherence,
normal endoscopic appearance in the duodenal mucosa
at endoscopic controls, and normal pathological findings
of mucosal biopsies were considered to be in remission
and diet-adherent CD at the 3* month follow-up. Pa-

Highlight key points

e A significantly higher MPV was observed in the CD group
compared with healthy group.

e Overall dietary adherence rate in CD group was 72.8%.

e The increase of MPV showed correlation with severety of
Marsh classification.

e After induction of a gluten-free diet, the MPV of CD patients
in the dietary adherent group was significantly lower than
that of the non-adherent group.

tients that showed signs of CD, did not have or did not
full complete with diet, had findings of CD in the duode-
nal mucosa at endoscopic controls and/or were found to
have CD findings in the pathological evaluation of mu-
cosal biopsies were defined as dietary non-adherent and
non-remitting CD at the 3 month follow-up [1, 3].

Hemogram and biochemical examinations performed
during the control period among both dietary adherent
and non-adherent patients (patients without remission)
were also retrospectively scanned and recorded.

Patients with functional gastrointestinal disorders
that had normal complete blood count, erythrocyte sed-
imentation rate (ESR), serum C-reactive protein (CRP)
levels, negative for antibodies to gliadin and endomysi-
um, and normal findings in the upper gastrointestinal
endoscopy performed for dyspepsia were chosen to form
the control group. Hemogram, routine biochemical ex-
aminations, endoscopic findings, ultrasound findings,
histopathological findings of duodenal biopsies, and an-
ti-gliadin and endomysium antibody levels of the control
group were retrospectively scanned and recorded.

Patients with a diagnosis of heart failure, peripheral
vascular disease, acute or chronic infection, cancer, he-
matological, and hepatic disorders were excluded from
the study. Patients that are on chronic medications (non-
steroidal anti-inflammatory drugs, anticoagulants, and
oral contraceptives) were excluded from the study.

Statistical Analysis

Statistical assessment was made using “SPSS 22 for
Windows” software package. Categorical (nominal) val-
ues are expressed as percentage (%) and compared with
the Chi-square test ()?). Continuous numerical (quan-
titative) values were expressed as meantstandard devi-
ation. Quantitative variables were compared with “Stu-

dent t-test” and ANOVA," if p<0.05 was determined as
statistically significant.
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TABLE 1. Demographic features of the patients with CD and
healthy controls

TABLE 2. Inflammatory markers of the CD patients with
activation and control groups

Patients Control p CD with Control p
with CD group activation group
Age (years) 38.74+10.66 35.98+10.50 0.584 WBC (x10°/L) 7.48+2.21 7.34+£1.83 0.707
Gender (female) (%) 65.4 62 0.822 ESR (mm/h) 12.19+2.92 12.34+2.77 0.782
Hemoglobin (mg/L) 12.73£1.53 13.44+0.80 0.481 CRP (mg/L) 2.93+1.60 2.79£1.65 0.613
AST (IU) 23.44+19.23  25.50+8.03 0.796 Platelet (x10°/L) 294.48+28.40 261.10£28.29 0.001
ALT (IU) 20.21+14.27  20.58+8.95 0.343 MPV (fL) 8.14+0.26 7.82+0.29 0.001
Albumin (mg/L) 3.52%0.53 3.54%0.57 0.308 CD: Celiac disease; CRP: C-reactive protein; ESR: Erythrocyte sedimentation
Spleen size (mm) 93.19+45.55 93.1845.51  0.790 rate; MPV: Mean platelet volume; WBC: White blood cell.
Dietary adherence (%) 72.8

CD: Celiac disease; AST: Aspartate transaminase; ALT: Alanine transaminase.

RESULTS

A total of 131 subjects including 81 patients with
CD and 50 controls were included in the study.
About 33.3% (n=27) of patients with CD had
Marsh 3 activation, 32.1% (n=26) had Marsh 2 ac-
tivation, and 34.6% (n=28) had Marsh 1 activation.
The mean age of all cases was 37.69+10.65 (19—
74). About 64.1% of the patients were female. Table
1 summarizes demographic and clinical findings of
the patients with CD and the control group. Mean
age, gender ratio, Aspartate transaminase, Alanine
transaminase albumin levels, and spleen size of the
both groups were similar.

Inflammatory markers of the CD patients with
activation and control groups are summarized in Ta-
ble 2. Platelet levels were significantly higher in CD
group with activation when compared to healthy con-
trols (294.48+28.40 vs. 261.10+28.29 and p=0.001).
MPV was significantly higher in the CD group with
activation compared to healthy controls (8.14£0.26
vs. 7.8210.29 and p=0.001). Other inflammatory bio-
markers such as white blood cell (WBC), ESR, and
CRP were similar between the CD patients with acti-
vation and control groups.

Inflammatory markers of the CD patients with
activation and CD patients with remission are sum-
marized in Table 3. Platelet levels were significantly
higher in the CD patients with activation compared to
CD patients group with remission (294.48+28.40 vs.

262.51+20.80 and p=0.001). MPV levels were signifi-
cantly higher in the CD group with activation com-

TABLE 3. Inflammatory markers of the CD patients with
activation and CD patients with remission

CD with CD with p
activation remission
WBC (x10°%L) 7.48+2.21 7.27+1.85 0.554
ESR (mm/h) 12.19+2.92 12.08+2.67 0.815
CRP (mg/L) 2.93+£1.60 2.95+1.64 0.960
Platelet (x10°%/L) 294.48+28.40 262.51+20.80 0.001
MPV (fL) 8.14+0.26 7.86+0.17 0.001

CD: Celiac disease; CRP: C-reactive protein; ESR: Erythrocyte sedimentation
rate; MPV: Mean platelet volume; WBC: White blood cell.

TABLE 4. Inflammatory markers of the CD patients with
dietary adherent and non-adherent group

Dietary Dietary p
adherent non-adherent
WBC (x10°%/L) 7.27+1.85 7.50+1.84 0.621
ESR (mm/h) 12.08+2.67 11.27+3.04 0.245
CRP (mg/L) 2.95+1.64 3.06+1.51 0.794
Platelet (x10°%/L) 262.51+20.80 296.91+37.93 0.001
MPV (fL) 7.86+0.17 8.07+0.30 0.001

CD: Celiac disease; CRP: C-reactive protein; ESR: Erythrocyte sedimentation
rate; MPV: Mean platelet volume; WBC: White blood cell.

pared to CD patients group with remission (8.14+0.26
vs. 7.86+0.17 and p=0.001). Other inflammatory bio-
markers such as WBC, ESR, and CRP were similar
between CD patients with activation and CD patients
with remission.
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FIGURE 1. Comparison of platelet levels according to dietary
adherence.
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FIGURE 2. Comparison of MPV levels according to dietary
adherence.

Inflammatory markers of dietary adherent and
non-adherent patients with CD are summarized in
Table 4, Figures 1 and 2. Platelet levels were signifi-
cantly lower in dietary adherent group compared to
CD patients in non-adherent group (262.51+20.80
vs. 296.91+37.93 and p=0.001). MPV levels were
significantly lower in CD patients with dietary adher-
ent group compared to CD patients in non-adherent
group (7.86+0.17 vs. 8.074£0.30 and p=0.001). Oth-
er inflammatory biomarkers such as WBC, ESR, and
CRP were similar between CD patients with dietary
adherent group and non-adherent group.
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FIGURE 3. Comparison of platelet values according to dis-
ease activity and Marsh classification.
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FIGURE 4. Comparison of MPV values according to disease
activity and Marsh classification.

Platelet levels were significantly higher in the Marsh 3 ac-
tive CD group compared to Marsh 2 group (313.33429.25
vs.293.50421.77 and p=0.007). Platelet levels were signifi-
cantly higher in the Marsh 2 active CD group compared
to Marsh 1 group (293.50+21.77 vs. 277.214£21.50 and
p=0.008). Platelet levels were significantly higher in the
Marsh 1 active CD group compared to CD patients group
with remission (277.21+21.50 vs. 262.51+20.80 and
p=0.003). Comparison of the platelet level according the

Marsh classification is summarized in Figure 3.

MPYV levels were significantly higher in the Marsh 3
active CD group compared to Marsh 2 active CD group
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(8.32+0.27 vs. 8.1240.19 and p=0.004). MPV levels
were significantly higher in the Marsh 2 active CD group
compared to Marsh 1 group (8.124£0.19 vs. 7.98+0.19
and p=0.009). MPV levels were significantly higher in
the Marsh 1 active CD group compared to CD patients
group with remission (7.9840.19 vs. 7.86+0.17 and
p=0.003). Comparison of MPV levels according the

Marsh classification is summarized in Figure 4.

DISCUSSION

In this study, MPV and platelet levels were significantly
higher in CD group with activation compared to healthy
controls or patients with CD group in remission (defined
as without CD symptoms, with normal mucosal findings
at endoscopic controls, and with complete dietary com-
pliance). Increased MPV and platelet levels observed in
our study group of newly diagnosed CD patients may
be due to on-going intestinal inflammation. On the oth-
er hand, normalization of MPV levels and decrease in
platelet levels following gluten-free diet may indicate
regression of intestinal inflammation. In our study, we
observed that MPV and platelet levels increased in cor-
relation with disease severity according to the Marsh
classification. MPV and platelet levels were similar in
the CD patients with remission, who had dietary com-
pliance and normal mucosal findings in endoscopy and
normal pathological findings in duodenal biopsies and
the healthy controls. This is the first study to show the
correlation of increased MPV and platelet levels with
CD severity according to Marsh classification. Based on
these data, we can suggest that elevated platelet level and
MPV can provide additional benefit to screening in pa-
tients with CD. It can indicate that the activation of the
disease and dietary compliance of patients with CD.

CD is a chronic auto-inflammatory disorder and re-
quires life-long treatment and follow-up. Early diagnosis
is important to prevent the development of complications
associated with CD [1, 2]. Although we understand new
aspects of the disease, the current treatment for CD is still
gluten-free diet [10]. Monitoring dietary compliance is
usually based on the patient’s own statement. There are
few objective criteria for assessing dietary compliance
among patients with CD. Histological improvement is
the generally accepted gold standard to indicate dietary
compliance and disease remission. However, this is an in-
vasive and non-practical method for routine follow-up of
patients with CD [11]. Although antibody titers against

tissue transglutaminase, endomysium and gliadin are con-
g Yy g

sidered to be good indicators of remission in CD patients,
they have some limitations in daily practice [12, 13]. Clin-
ical and laboratory findings are not always suflicient for
early diagnosis (4, 5]. At present, none of the available
markers are reliable and accepted indicators for dietary
compliance and disease severity in patients with CD. Stud-
ies indicate that platelet levels and MPV can provide im-
portant information on the course and prognosis in many
inflammatory disorders such as ulcerative colitis, Crohn’s
disease, rheumatoid arthritis, and juvenile systemic lupus
erythematous [7]. There is only one study in the literature
that investigated the relationship between MPV level and
CD. Similar to our study, Purnak et al. [9] suggest that
MPV can be a promising and easily available biomarker
for monitoring dietary adherence in CD patients at a rel-
atively lower cost. In this study, MPV and platelet levels
were found to be higher in active celiac patients than in
the control group. In the post-diagnosis controls, after the
development of remission with gluten-free diet, decrease

in MPV and platelet levels was observed [9].

Studies in the literature stated that MPV and platelet
levels correlate with inflammatory disease severity other
than CD [7]. There is no study in the literature showing
the correlation between increased MPV or platelet levels
and CD severity according to Marsh classification. Liu et
al. [14] observed increased levels of MPV in patients with
Crohn’s disease when compared to healthy subjects. Zub-
cevic et al. [15] indicated that elevated MPV levels can be
a marker of disease activity in Crohn’s disease. Gaspary-
an et al. reported that increased MPV is observed due to
administration of anti-inflammatory drugs in rheumatoid
arthritis [16, 17]. Yavuz and Ece reported that increased
MPYV levels were associated with disease progression in
patients diagnosed with juvenile SLE [18]. Yuksel et al.
[19] also showed that decreased MPV levels were asso-
ciated with increased activity of ulcerative colitis. Gaspa-
ryan et al. and Delgado-Garcia et al. [16, 20] observed
that decreased MPV levels were associated with disease
exacerbation in rheumatoid arthritis. It has been shown
that interleukin (IL)-6, IL-1, and TNF-a can stimulate
precursor cells of platelets under inflammatory conditions
[21]. The effect of IL-6 is related with enhanced thrombo-
poietin (TPO) production in the liver and its direct effect
on megakaryocytes through the membranous receptor
IL-6 receptor. As a result platelet count can increase sig-
nificantly in an inflamed state. In ongoing inflammation,
the increase in pro-inflammatory cytokines such as IL-6
stimulates TPO formation that leads to an increase in the
ploidy of megakaryocyte nuclei and cytoplasm volume. As
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a result, more and larger platelet (elevated MPV) forma-
tion is observed [22]. According to the data of our study
and other studies in the literature, we think that there is a
positive correlation between the severity of inflammation

in CD and increased MPV or platelet levels.

Conclusion

The aim of our study was to investigate the value of
MPV and platelet levels as biomarkers in the detection
of disease activation, dietary adherence, and also assess-
ment of disease severity in CD. Based on these data, we
believe that elevated platelet level and MPV can provide
additional benefit to screening in patients with CD. It
can indicate that the activation of the disease and dietary
compliance of patients with CD.
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