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INTRODUCTION
Celiac disease (CD) is an autoimmune disease that
develops against gluten found in foods such as
barley, wheat and rye in genetically susceptible
individuals. The main underlying pathology of this
disease is inflammation in the small intestine. Mean
platelet volume (MPV) was investigated as an
inflammatory marker in diseases such as inflammatory
bowel disease and acute pancreatitis.1,2 Some studies
have stated that there is a negative correlation

ABSTRACT
Objective: We aimed to compare the mean platelet volume (MPV)
and plateletcrit (PCT) and vitamin-mineral levels in pediatric celiac
disease patients with the healthy control group and to compare
the results with the literature.
Methods: In this study, clinical and laboratory data of 80 pediatric
patients diagnosed with celiac disease (CD) between July 2017
and December 2018 and 42 healthy children in the same age
group were retrospectively analyzed.
Results: There was no significant difference between the groups in
terms of age and gender (p=0.383, and p=0.462, respectively). The
frequency of anemia, folate, iron and vitamin D deficiencies was
higher in celiac patients compared to the control group (p=0.001,
p=0.027, p<0.001, and p<0.001, respectively). When the patients
were evaluated according to their complete blood count and
vitamin-mineral levels; hemoglobin (Hb), mean corpuscular
volume (MCV), ferritin and vitamin D levels were found to be
significantly lower in the CD group compared to the control group
(p<0.001, p=0.026, p<0.00, and p=0.001, respectively). Platelet
(PLT), PCT, MPV levels were found to be significantly higher in the
CD group compared to the control group (p=0.010, p<0.001, and
p<0.001, respectively). We found a weakly negative correlation
between the vitamin D levels and the degree of the Marsh
classification (r: -0.273, and p=0.023).
Conclusion: Our study have shown that MPV, PCT values are
higher and Hb, folate, iron and vitamin D levels are lower in
patients with CD compared to healthy controls. We recommend
investigating other nutrient deficiencies besides iron deficiency,
especially in treatment-resistant anemias. We think that the
correlation between vitamin D levels and the degree of histological
damage should be elucidated with larger-scale and more
comprehensive studies.

between MPV and inflammatory activity, while
others have suggested a positive relationship
between increased MPV and disease severity.3
Purnak et al.3 emphasized that high MPV values in
CD patients may be an indicator of intestinal
inflammation, and also, it can be a useful marker to
follow diet compliance of patients at a lower cost. It
has been shown that the major inflammatory
cytokine that is increased in celiac patients is IL-6.4 It
is thought that IL-6 may stimulate megakaryocyte
ploidy, leading to more reactive, increased platelet
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production and increase in MPV values.5 There is
currently no study showing the change in the
plateletcrit (PCT) value in the case of this reagent
triggered by IL-6 and increased platelet production
in celiac patients. For this reason, we aimed to
compare MPV and PCT and vitamin-mineral levels
in the pediatric CD patients at the time of diagnosis
with a healthy control group and to compare our
results with the literature.
MATERIAL and METHOD
In this study, clinical and laboratory data of 80
pediatric patients diagnosed with CD and 42 healthy
children of the same age group between July 2017
and December 2018 were retrospectively analyzed.
The study was conducted in accordance with the
Principles of Declaration of Helsinki. Before starting
the study, approval was obtained from the ethics
committee of an education and research hospital
and a tertiary university-affiliated hospital (date:
10.24.2018; session: 2018/19; protocol No: 418.
The diagnosis of celiac disease was made in line with
the recommendations contained in the guideline of
European Association of Pediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) published in
2012.6
Exclusion criteria
Patients with hypertension, hypercholesterolemia,
hypertriglyceridemia, obesity, acute coronary
syndrome, heart failure, cancer, hematological
diseases, diabetes, liver failure, renal failure, acute
or chronic infection were not included in the study.
Evaluation of nutritional status
In children less than 2 years of age, height was
measured with the aid of an infantometer with the
children placed in a supine position on a flat surface.
Their head and knees were fixed by a second person.
Children older than two years of age were measured
with socks and shoes removed and using a vertical
portable stadiometer calibrated to the nearest
millimeter. Participants’ weights were measured
with a digital electronic scale calibrated to the
nearest decimal fraction of one kilogram. Weight Z
score, height Z score, body mass index (BMI) Z score
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for age and gender were calculated using World
Health Organization (WHO) data. Patients with any
of the parameters of body weight, height and BMI Z
score below -2 were considered undernourished.
Evaluation of laboratory data
Iron deficiency: ferritin <30 ng/mL7
Folate deficiency: folate <4 ng/mL8
Vitamin B12 deficiency: vitamin B12: <200 pg/mL9
Vitamin D deficiency: vitamin D: <20 ng/mL10
Anemia: A lower than normal level of hemoglobin
for age and gender.
Statistical analyses
Statistical Package for the Social Sciences for
Windows (SPSS Inc., Chicago) 22 software package
was used for statistical analysis. Study variables were
presented as number (n) - percentage (%), mean ±
standard deviation. The normal distribution of
variables was tested using the Kolmogrov- Smirnov
test. Normally distributed parameters were evaluated
by one-way analysis of variance (ANOVA) or Student’s
t test; Kruskal- Wallis or Mann- Whitney U test was
used for numerical variables that did not show
normal distribution. Student’s t test, Mann-Whitney
U test or chi-square test were used to evaluate
statistical significance.
Correlation analysis was performed to determine
whether there was a linear relationship between the
two numerical measurements and to show the
direction and severity of this relationship. For data
with normal and non-normal distribution, use of
Pearson correlation coefficient, and Spearman Rank
correlation coefficient was preferred, respectively. A
p value of less than 0.05 was considered statistically
significant.
RESULTS
The mean age of the patients was 8.68±5.16 years in
the control group and 9.51±4.76 years in the CD
group. There was no statistically significant difference
between the groups in terms of age and gender
(p=0.383, and p=0.462, respectively) (Table 1).
When the patients were evaluated according to their
anthropometric measurements, weight, height and
BMI z scores in CD were found to be significantly
69
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lower than the control group (p <0.001). Malnutrition
was not observed in the control group, while it was
detected in 29 patients (36.3%) in the CD group. This
intergroup difference was statistically significant
(p<0.001) (Table 1).
We detected anemia in 2 patients (4.8%) in the
control and 24 patients (30%) in the CD group.
Vitamin B12 deficiency was seen in 8 patients (12.7%)
in the CD group and 1 patient (2.4%) in the control
group. While folate deficiency was seen in 7 patients
(11.1%) in the CD group, there was no folate
deficiency in the control group. Iron deficiency was
seen in 53 patients (66.3%) in the CD and in 20
patients (47.6%) in the control group. Vitamin D
deficiency was seen in 41 patients (59.4%) in the CD
and in 9 patients (21.4%) in the control group. The
frequency of anemia, folate, iron and vitamin D
deficiency was higher in the CD group compared to
the control group (p=0.001, p=0.027, p<0.001, and p
<0.001, respectively). Although frequency of vitamin
B12 deficiency was higher in the CD group, this
increase was not statistically significant (p=0.064)
(Table 1).
When the patients were evaluated according to their
complete blood counts and vitamin-mineral levels;
hemoglobin (Hb), mean corpuscular volume (MCV),
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ferritin and vitamin D levels were found to be
significantly lower in the CD group compared to the
control group (p<0.001, p=0.026, p<0.00, and
p=0.001, respectively). Platelet (PLT), plateletcrit
(PCT), and mean platelet volume (MPV) levels were
significantly higher in the CD group compared to the
control group (p=0.010, p<0.001, and p<0.001,
respectively). There was no significant difference
between the two groups in terms of white blood cell
(WBC) counts, mean corpuscular hemoglobin (MCH),
Mentzer Index, vitamin B12 and folate levels
(p=0.399, p=0.705, p=0.647, respectively, p=0.833,
and p=0.131) (Table 2).
When the correlation between the degree of
pathological Marsh classification and hematological
parameters and vitamin-mineral levels in celiac
patients was evaluated, there was no significant
correlation between Hb, MPV, PCT, vitamin B12
and folate levels and the degree of Marsh
classification. However, we found a weakly
negative correlation between vitamin D level and
the degree of the Marsh classification (r: -0.273,
p=0.023).
DISCUSSION
This study is one of the rare studies evaluating

Table 1. Comparison of the groups based on anthropometric measurements, demographic characteristics and vitamin-mineral
deficiencies
Control (n=42)
Mean±SD

CD (n=80)
Mean±SD

p*

8.68±5.16
0.13±0.84
0.23±1.08
-0.05±0.86

9.51±4.76
-1.09±1.57
-0.83±1.51
-0.89±1.23

0.383
<0.001
<0.001
<0.001

n (%)

n (%)

p**

Gender
Female
Male

25 (59.5%)
17 (40.5%)

53 (66.3%)
27 (33.8%)

0.462

Malnutrition
Anemia
Vitamin B12 deficiency
Folate deficiency
İron deficiency
Vitamin D deficiency

0 (0%)
2 (4.8%)
1 (2.4%)
0 (0%)
20 (47.6%)
9 (21.4%)

29 (36.3%)
24 (30%)
8 (12.7%)
7 (11.1%)
54 (80.6%)
41 (59.4%)

<0.001
0.001
0.064
0.027
<0.001
<0.001

Age
Weight Z score
Height Z score
BMI Z skor

Statistics: *Independent Student T test, **Crosstabs-chi-square
BMI: body mass index; CD: celiac disease; SD: standard deviation
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Tablo 2. Comparison of complete blood count parameters according to groups, mean±SD

WBC (x103 cells/uL)
Hb (g/dL)
PLT (x103 cells/uL)
PCT (%)
MPV (fL)
MCH (pg)
MCV (fL)
Mentzer Index
B12 (pg/mL)
Folate (ng/mL)
Ferritin (ng/mL)
Vitamin D (ng/mL)

Control (n=42)
Mean±SD

CD (n=80)
Mean±SD

p*

7.93±2.18
13.26±1.67
303.59±93.84
0.28±0.08
9.72±0.69
25.15±4.61
77.90±5.07
15.95±1.82
362.14±185.87
9.80±4.09
34.49±20.89
25.22±9.16

8.44±3.51
11.74±1.65
361.56±125.81
0.35±0.08
10.30±0.89
24.52±3.05
75.25±7.75
15.77±1.97
371.06±228.27
8.43±4.68
17.89±24.34
18.73±10.08

0.399
<0.001
0.010
<0.001
<0.001
0.705
0.026
0.647
0.833
0.131
<0.001
0.001

Statistics: *Independent Student T test
SD: standard deviation; CD: celiac disease; WBC: white blood cell; Hb: hemoglobin; PLT: platelet; PCT: plateletcrit; MPV: mean platelet
volume; MCH: mean corpuscular volume

hematological parameters and vitamin-mineral levels
in detail between CD and healthy children.
Wierdsma et al.11 reported folate deficiency in 20%,
vitamin B12 deficiency in 19%, and ferritin deficiency
in 46% of their CD patients. Other studies have found
folate deficiency approximately in 11-12%, vitamin
B12 deficiency in 8-41%, iron deficiency in 8-93% of
their CD patients.12-14 In our study, we found that the
rates of folate, B12 and iron deficiencies were
compatible with the literature data.

the frequency of anemia. In our study, zinc, vitamin
A, and vitamin B6 were not measured in any patient.
However, indicated number of patients had iron
(n=2: 2.5%), folate and vitamin B12 deficiency (n=6:
7.5%), folate and iron deficiency (n=6: 7.5%), vitamin
B12 and iron deficiency (n=7: 8.75%). For this
reason, we recommend investigating other nutrient
deficiencies in the presence of anemia that does not
improve despite iron supplementation, as mentioned
in the literature.

The prevalence of iron deficiency anemia (IDA) in CD
is quite variable in different geographical regions and
different age groups. It is lower in developed
countries (5-40%) than in developing countries
(>80%).15,16 The prevalence rates of anemia in CD
have been reported as (93.2%) in an Indian study,
21.6% in a European study, 8-40% in the American
cohorts, and 50% in the Middle East and North Africa
population.12,17-20

Recent studies have emphasized that as the severity
of villous atrophy and anti-tissue transglutaminase
(DTG) levels increase, the frequency of anemia and
resistance to treatment are higher.12,21,22 In our study,
we did not find a significant correlation between the
degree of villous atrophy and DTG levels and ferritin,
vitamin B12 and folate levels. However, unlike the
literature, we found a weakly negative correlation
between vitamin D levels and the degree of villous
atrophy (r: -0.273, p=0.023). We did not have any
information about the diet and its nutrient content
of these patients before the diagnosis of CD.
Therefore, the data we found different from the
literature may be due to differences in dietary intake
and duration of exposure to sunlight.

In our study, we found the prevalence of anemia
similar to the rates of developed countries. This rate
(30%) was significantly higher than the control group
patients. The main mechanism of IDA in celiac
disease is malabsorption. Iron deficiency is not the
only factor that causes anemia in CD. Vitamin B12
and folic acid deficiencies can also cause megaloblastic
anemia, which can increase the severity of anemia.
In the study of Berry et al.12, it was emphasized that
mixed nutrient deficiencies (vitamin B12, folate,
iron, vitamin B6, zinc, and vitamin A) can increase

As far as we know, a weakly significant negative
correlation between the vitamin D level we found in
our study and the severity of villous atrophy has not
been emphasized in any previous study. Tanpowpong
and Camargo23 (suggested that vitamin D deficiency
71
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at an early age may play an important role in
childhood-onset (<15 years) celiac disease. Vitamin
D deficiency may cause an irregular intestinal
immune response in genetically susceptible
individuals with increased disruption of the intestinal
epithelial barrier as a result of the immune response
to gluten and microorganisms. This impaired immune
response can result in increased susceptibility to
acute gastrointestinal infection. It has been
emphasized that these mechanisms may pave the
way for the development of celiac disease that
begins in childhood.24 Vitamin D is known to play an
important role in bone health and regulation of the
immune system. Low levels of bone mineral density
(BMD) have been reported in children with CD.24
Additionally, ACG, BSG and NASPGHAN, Italian
Pediatric Societies also recommend evaluation of
vitamin D status in CD.25-28 Vitamin D supplementation
during an intake of a gluten-free diet has been
shown to prevent further bone loss, improve
symptoms associated with osteomalacia, and
normalize calcium levels.29 In their study Ahlawat et
al.30 emphasized that vitamin D levels were higher in
CD patients compared to the control group, but it
was observed that the vitamin D ratios that CD
patients took from milk, milk products and
multivitamin preparations were similarly high. They
associated this condiiton with the excess of estimated
vitamin D intake rates. In our study, as in many other
studies,31-34 we found that vitamin D levels were
significantly lower in patients with CD compared
with the control group (p=0.001) (Table 2).
Another important finding of our study is that we
detected higher MPV and PCT values in the CD group
compared to the control group. Although the
relationship between MPV and CD has been
emphasized in several studies in the literature, ours
is the only study that evaluates the PCT and MPV
values in combination in CD and compares them
with the control group. In the literature, MPV levels
have been the subject of research in diseases such as
myocardial infarction, stroke, diabetes, ulcerative
colitis, chronic hepatitis B and acute pancreatitis. It
has been emphasized that there may be a relationship
between disease severity and MPV. In the first study
about the relationship between CD and MPV, higher
MPV values were reported in patients with CD.35 In
another study, it was reported that MPV increased in
72
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newly diagnosed CD patients compared to healthy
controls, and these mean MPV values became
normal over time in patients who followed the diet.
Even MPV has been suggested to be used as a
biomarker in the assessment of dietary compliance.3
Although we could investigate the relationship
between MPV,PCT and dietary compliance in CD in
our study, high levels of PCT and MPV in CD patients
seem to be compatible with other studies. Golwala
et al.36 stated that MPV and PCT levels could be
predictors of mortality and accurately predicted 65%
- 67% of related deaths. In another study, it was
reported that PCT values were significantly higher in
severe preeclampsia cases compared to mild
preeclampsia cases. Ours is the only study comparing
the relationship between CD and PCT relative to
healthy controls. We found that PCT and PLT values
were significantly higher in CD patients compared to
the healthy control group. However, there was no
significant correlation between PLT and PCT levels
and serological findings and severity of histological
damage in CD. Prospective randomized controlled
large series are needed for a more reliable and
detailed analysis of this relationship.
One limitation of our study is that our study was a
retrospective study, so the retrospective nutritional
history of the patients and the rate of exposure to
sunlight were not known. Besides, the data were not
re-evaluated after intake of a gluten-free diet, and
the data concerning the presence of diseases such as
megaloblastic anemia and chronic disease anemia
that may accompany iron deficiency were not
available. In addition, the fact that ours is a rare
study comparing MPV, PCT values detected in CD
patients and healthy controls and it is the only study
showing a negative correlation between vitamin D
levels and the degree of Marsh classification makes
this article valuable.
In conclusion, our study shows that MPV, PCT values
are higher and Hb, folate, iron and vitamin D levels
are lower in CD patients compared to healthy
children. In addition, we think that mixed vitaminmineral deficiencies may coexist in CD patients,
therefore, other nutrient deficiencies should be
investigated in addition to iron deficiency in
treatment-resistant anemias. We have found a
negative correlation between vitamin D levels and
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the degree of histological damage which requires
conduction of more comprehensive studies.
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