
INTRODUCTION
Vitamin D is considered as a steroid hormone, which
regulates calcium metabolism and the structure of
bone skeleton. Vitamin D deficiency may affect whole
population and cause osteoporosis in adulthood.
Besides the well-known effects on bone mineralization,
vitamin D deficiency may also have a role in
development of hypertension, malignancy, and type 2
diabetes mellitus.1 Moreover, low vitamin D levels have
been found to be associated with inflammation, arterial
stiffness, and endothelial dysfunction.2-4 Because
vitamin D has immunomodulatory effect in human,5
vitamin D deficiency can lead to immunological diseases
and low grade continuous inflammation.6 Authors have
reported elevated serum levels of inflammatory markers
in vitamin D deficiency.5,7
Haemogram derived inflammatory markers, such as
mean platelet volume (MPV), red cell distribution width
(RDW), and neutrophil to lymphocyte ratio (NLR)
attracted great interest of researchers, recently. MPV
refers the size of platelets which tends to be larger after

infectious or inflammatory stimulus. Inflammatory
conditions were reported to be related with increased
MPV values.8 Not only the high grade, but also low
grade inflammatory diseases were associated with
elevated MPV.9 Moreover, MPV, NLR and RDW were
also reported to be associated with inflammatory
conditions.10-12 It has been demonstrated that vitamin D
deficiency may cause an elevation in mean platelet
volume even in healthy subjects.6 Therefore, we
hypothesised that deficiency of vitamin D could have
some effects on haemogram parameters.
The aim of this study was to compare MPV, NLR and
RDW values of subjects with vitamin D deficiency to
those with normal serum vitamin D levels.

METHODOLOGY
Data of patients visiting outpatient clinics of the Abant
Izzet Baysal University Hospital, Bolu, Turkey, from
March to May 2017, was retrospectively collected from
patients’ files and computerised database. Inclusion
criteria were age >18 years, not using vitamin D
products, and non-pregnant women. Subjects were
grouped into normal vitamin D and vitamin D deficiency
groups, according to the serum vitamin D levels.
Seasonal threshold value for vitamin D in Bolu region
was set as 10 ng/ml. Patients with active inflammation,
infection or chronic kidney disease were excluded from
the study. Age, gender, and other general characteristics,
such as height, weight, accompanying comorbidities
(e.g. hypertension, diabetes mellitus, coronary heart
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disease), and characteristics of the living environment
(rural or urban), working place conditions (outside or
inside,) marital status (single or married) were also
recorded. BMI was calculated by dividing the weight in
kilograms to the square of height in meters.
Venous blood samples obtained into sterile standard
tubes containing constant amount of anticoagulant.
Laboratory tests have been held within several minutes
after blood samples obtained. Vitamin D levels and
c-reactive protein (CRP) levels were obtained from
database and recorded. Haemogram parameters; white
blood cell (WBC), neutrophil (neu), lymphocyte (lym)
and platelet (PLT) counts, hemoglobin (Hb), Hematocrit
(Htc), mean corpuscular volume (MCV), RDW, and MPV
values were also recorded. NLR was calculated by
simply dividing of neu to lym. The complete blood count
analysis were performed in automatic analyser of LH 780
model of Beckman Coulter device (Beckman Coulter In.;
Bre CA). Original kits of the manufacturer were used in
haemogram assays. Vitamin D levels were detected by
measuring serum 25-hydroxyvitamin D.
Data were analysed by SPSS software. (SPSS 15.0;
IBM Inc., Chicago, IL, USA). Distribution of variables
among study groups were analysed with Kolmogorov-
Smirnov test. Results expressed as either mean ±SD or
median (interquartile range). Variables were conducted
with independent samples t-test or Mann-Whitney U-test.
Chi square test used in comparison of categorical
variables between study groups. A ROC analysis was
performed to determine thresholds of haemogram
parameters in detecting vitamin D deficiency. A p-value
of <0.05 was considered as statistically significant.

RESULTS
A total of 85 subjects (45 in vitamin D deficiency group
and 40 in normal vitamin D group) were enrolled to the
study. Median age of the vitamin D deficient group (38
years) was not significantly different than that of the
control subjects with normal vitamin D levels (39 years,
p=0.96). Six (13%) of 45 in vitamin D deficient group and
13 (32%) of 40 in control group were men. Women were
more prevalent in vitamin D deficient group compared to
control group (p=0.034). Body weight (74 ±17 kg in study
group versus 71 ±15 kg in control group, p=0.35), CRP
[1 (3.75) mg/L in study group versus 0.95 (2.4) mg/L in
control group, p=0.30], WBC (6581 ±1695 cells/mm3 in
study group versus 6707 ±1800 cells/mm3 in control
group, p=0.74), Hb (13.5 ±1.5 gr/dl in study group versus
13.6 ±1.3 gr/dl in control group, p=0.73), Htc (39.8 ±4 in
study group versus 40.5 ±4 in control group, p=0.41),
MCV [88.4 (5.3) fL in study group versus 87.5 (6.4) fL in
control group, p=0.69], RDW [15.9 (2.1) in study group
versus 16.3 (1.7) in control group, p=0.80] and PLT
[259089 ±71504 cells/mm3 in study group versus
235825 ±70382 cells/mm3 in control group, p=0.14]

were not significantly different in vitamin D deficiency
group compared to controls. General characteristics of
the study population were summarised in Table I and
laboratory data of the study population were
summarised in Table II.
Vitamin D deficiency was more common in subjects
working inside as compared to those working outside
(p=0.023), and in subjects with comorbidities compared
to those without comorbidities (p=0.031).
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Table I: General characteristics of the study groups.
Vitamin D deficient Vitamin D normal p

n (%) n (%)
2 test

Gender:
Men 6 (13) 13 (32.5) 0.034
Women 39 (87) 27 (67.5)

Working environment:
Outside 17 (38) 25 (62) 0.023
Inside 28 (62) 15 (38)

Marital status:
Married 31 (69) 22 (55) 0.19
Single 14 (31) 18 (45)

Living environment:
Urban 38 (84) 32 (80) 0.59
Rural 7 (16) 8 (20)

Comorbidity:
Absent 29 (64) 34 (85) 0.03
Present 16 (36) 6 (15)

Mean ±SD
Height (m) 1.62 ±0.07 1.67 ±0.09 0.11
Weight (kg) 74.3 ±17 71 ±15.3 0.35
BMI (kg/m2) 28.4 ±6.6 25.7 ±5.7 0.04

Median (IQR)
Age (years) 38 (24) 39 (27.8) 0.96
BMI = Body mass index

Table II: Comparison of laboratory data of the study population.
Vitamin D deficient Vitamin D normal p

n (%) n (%)
Mean ±SD

WBC (cells/mm3) 6581 ±1695 6707 ±1800 0.74
Hb (g/dL) 13.5 ±1.5 13.6 ±1.3 0.73
Htc (%) 40 ±4 40 ±3.8 0.41
Plt (cells/mm3) 259089 ±71504 235825 ±70382 0.14
MPV (fL) 7.2 ±0.9 6.3 ±0.7 <0.001

Median (IQR)
Vitamin D (ng/ml) 7 (3) 15.9 (10.5) <0.001
cRP (mg/L) 1 (3.75) 0.95 (2.4) 0.30
NLR (%) 2.3 (1.2) 1.6 (0.8) 0.001
MCV (fL) 88 (5) 87.5 (6) 0.69
RDW (%) 15.9 (2.1) 16.3 (1.7) 0.80
cRP: c-reactive protein.

Table III: Sensitivity and specifity of MPV and NLR in predicting
vitamin D deficiency.

Sensitivity (%) Specifity (%) AUC
MPV (at >6.22 fL level) 89 55 0,77
NLR (at >1.69 level ) 76 55 0.72



Subjects in control group (1.67 ±0.09 m) were taller than
vitamin D deficient patients (1.62 ±0.07 m). The
difference was statistically significant (p=0.011). Body
mass index of the vitamin D deficient and control groups
were 28.4 ±6.5 Kg/m2 and 25.7 ±5.7 Kg/m2, respectively
(p=0.048). Both MPV (7.2 ±0.9 fL in vitamin D deficients
and 6.3 ±0.7 fL in controls) and NLR [2.3 (0.6-5.6) in
vitamin D deficients and 1.6 (1-5.8) in controls] were
significantly higher in vitamin D deficiency group
compared to control subjects (p<0.001 for MPV and
p=0.001 for NLR).
ROC analysis indicated that a MPV greater than 6.22
has 89% sensitivity and 55% specifity for Vitamin D
deficiency (AUC: 0.77). Another ROC analysis for NLR
showed that a NLR greater than 1.69 has 76%
sensitivity and 55% specifity for Vitamin D deficiency
(AUC: 0.72, Table III).

DISCUSSION
Present study showed that both NLR and MPV could be
the markers of the inflammatory burden in vitamin D
deficiency.
Association between vitamin D deficiency and inflam-
matory status has been well established. Nand et al.
reported that vitamin D has an important role in lowering
inflammatory burden.13 On the other hand, authors
found that the deficiency of vitamin D had caused
more enormous inflammation in immuno-compromised
subjects.14 Interleukin, a marker of inflammation, is
inversely correlated with serum vitamin D levels.15 These
evidences show the relation between vitamin D
deficiency and inflammation.
Low grade inflammatory diseases are characterised with
increased MPV values.16 Elevated MPV has also been
found in ulcerative colitis.17 Elevated MPV and NLR in
vitamin D deficient subjects in present study is not
surprising because both these haemogram derived
indices were supposed to be markers of inflammation.
Increased MPV in vitamin D deficient subjects in our
study was a result that was compatible with literature
data. Moreover, we showed that a MPV greater than
6.22 fL has a 89% sensitivity and 55% specifity for
vitamin D insufficiency.
Neutrophil to lymphocyte ratio, as a haemogram derived
inflammatory marker, have been mostly studied in
cancer and acute coronary diseases.18 Systemic
inflammation, even in low grade, produce neutrophilia
and lymphopenia, together result in increased NLR.19
Because vitamin D deficiency induces inflammation,
increased NLR in the present study in subjects with
insufficient vitamin D levels is an inevitable result.
Present study did not show an association between
RDW and vitamin D deficiency. Although RDW has been
introduced as an inflammatory marker in certain

conditions. Accompanied diseases may affect the RDW
indice in haemogram test, such as iron deficiency
anemia, which causes elevation in RDW.11,20 On the
other hand, similar to our results, a study reported that
there was no association between vitamin D and red
blood cell count and indices in vitamin D deficient
subjects.21
Measurement of 25-hydroxyvitamin D is widely used for
detecting vitamin D stores,22 because half-life of serum
25-hydroxyvitamin D is about three weeks,23 and longer
than vitamin D and 1,25(OH)2D. However, there are
challenges in measuring serum 25-hydroxyvitamin D by
different assays. The most important challenge may be
the need for well-trained and motivated operators for
valid test results.24 Thus, elevation in MPV and/or NLR
in otherwise healthy subjects may indicate underlying
vitamin D deficiency in the regions exposing less
sunlight.
Continuous low grade inflammatory environment in
vitamin D deficiency may lead to interaction between
inflammatory cytokines and megakaryopoiesis in bone
marrow and cause production of larger platelets, which
increase the measured MPV value.25
Limitations of present study are relatively small cohort
and retrospective design. Therefore, prospective larger
studies are needed to confirm the results we have
presented.

CONCLUSION
Elevated MPV and NLR may be the indicator of
underlying serious vitamin D deficiency. Physicians
should be alert and order a vitamin D assay in patients
with elevated MPV or NLR, especially in endemic areas
for vitamin D deficiency.
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