m Anadolu Klin / Anatol Clin Original research / Orijinal arastirma

A simple proof of vitamin D deficiency and
inflammation relation: single center study,
over two thousand patients

Vitamin D eksikligi ve inflamasyon iliskisinin basit bir
kaniti: tek merkezli calisma, iki binin Gzerinde hasta

Abstract

Aim: Vitamin D deficiency is a very common condition in the world. Although vitamin D appears to
be effective mainly on calcium and bone metabolism, it is an important molecule that also affects
immune functions and inflammation. In our study, we tried to evaluate the contribution of vitamin
D deficiency to inflammation by examining the platelet indices of patients with low and normal
vitamin D levels.

Methods: Healthy patients who applied to internal medicine outpatient clinics of our hospital for
routine control in 2017 were included in our study. Patients are included in the study by following
needed criteria; creatinine <1.3 mg/dl, hemoglobine >12 gr/dl, vitamin B12 >150 pg/d|, red cell dis-
tribution width <14 fL, thyroid stimulating hormone (TSH) between 1-5 IU/L and C-reactive protein
(CRP) <10 mg/dl. Patients were divided into two groups, those with vitamin D less than 10 ng/ml as
the study group and those above 30 ng/ml as the control group.

Results: A total of 2179 patients, 644 male and 1535 female, were included in the study. 797 pa-
tients constituted the study group (271% male), and 1382 patients constituted the control group
(31% male). When the two groups were compared in terms of platelet indices, we found that mean
platelet volume (MPV) and plateletcrit (PCT) were significantly higher in the study group (p<0.001,
p<0.001).

Conclusion: In our study, we found that MPV and PCT values increased significantly with vitamin D
deficiency. We attributed this result to the absence of the anti-inflammatory activity of vitamin D.
As a result, treating a patient’s vitamin D deficiency can also protect patients from cardiovascular
or autoimmune diseases through the anti-inflammatory effect of vitamin D.
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Oz

Amag: D vitamini eksikligi diinyada cok yaygin bir durumdur. D vitamini esas olarak kalsiyum ve ke-
mik metabolizmasi Uzerinde etkili gibi gértinse de, bagisiklik fonksiyonlarini ve inflamasyonu da et-
kileyen 6nemli bir molekuldtr. Calismamizda D vitamini dizeyi dustk ve normal olan hastalarin pla-
telet indekslerini inceleyerek D vitamini eksikliginin inflamasyona etkisini degerlendirmeye calistik.

Yontemler: Calismamiza 2017 yilinda hastanemiz dahiliye polikliniklerine rutin kontrol i¢in basvuran
saglikli hastalar dahil edildi. Hastalardan tetkik sonuclari su kriterleri saglayanlar calismaya dahil
edildi; kreatinin <1,3 mg/dl, hemoglobin >12 gr/dl, vitamin B12 >150 pg/dl, kirmizi hicre dagilim
genisligi (RDW) <14 fL, tiroit uyarici hormon (TSH) 1-5 IU/L arasi ve C-reaktif protein (CRP) <10 mg/
dl. Hastalar D vitamini 10 ng/ml’nin altinda olanlar ¢alisma grubu ve 30 ng/ml'nin tizerinde olanlar
kontrol grubu olarak 2 gruba ayrildi.

Bulgular: Calismaya 644 erkek, 1535 kadin olmak Uzere toplam 2179 hasta dahil edildi. 797 hasta
calisma grubunu (%271 erkek), 1382 hasta kontrol grubunu (%31 erkek) olusturdu. Platelet indeksleri
acisindan iki grup karsilastirildiginda calisma grubunda ortalama trombosit hacmi (MPV) ve plate-
letokrit (PCT) anlamli olarak daha ytksek oldugu saptandi (p<0,001, p<0,001).

Sonug: Calismamizda, MPV ve PCT degerlerinin d vitamini eksikliginde énemli 6lctide arttigini tespit
ettik. Sonug olarak, bir hastanin d vitamini eksikliginin tedavi edilmesi, d vitamininin anti-inflamatu-
ar etkisi ile hastay! kardiyovaskuler veya otoimmun hastaliklardan da koruyabilir.

Anahtar Sézciikler: inflamasyon; platelet; ortalama trombosit hacmi; Vitamin D; Vitamin D eksikligi
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INTRODUCTION

Vitamin D is a hormone with two forms; vitamin
D2 (ergocalciferol) and vitamin D3 (cholecalciferol).
Foods or supplements are sources of vitamin D2. Vita-
min D3 is produced by sun exposure on the skin from
pre-vitamin D3. Vitamin D deficiency is a very com-
mon condition worldwide (1-3). Although the main
role of this vitamin in our body is calcium homeostasis
and bone mineralization (4), also has important effects
on cell differentiation, immunity, anti-coagulation,
and prevention of inflammation (5,6,8).

Vitamin D deficient patients with hypertension
can have benefits from supplementation of this vita-
min in the regulation of hypertension (9). This antihy-
pertensive effect of vitamin D is associated with reno-
protective effects, suppression of renin-angiotensin—
aldosterone system and direct effects on vascular cells.
Patients with vitamin D deficiency with heart failure
have a shorter life expectancy. Vitamin D replacement
improves the duration of life in these patients by the
same mechanisms that provide its antihypertensive
effect (10). Insufficient level of vitamin D is also as-
sociated with cognitive impairment, especially in the
elderly population (11).

The conditions pointed out above can be related to
the immunomodulatory effects of vitamin D (12). In
addition, proinflammatory cytokines (ie. IL6, TNF-a)
increase by deficiency of vitamin D. After supplemen-
tation, cytokine levels decrease back (12).

At this point, we can mention about platelets and
platelet indices (mean platelet volume [MPV] - platelet-
crit [PCT] - platelet distribution width [PDW]), which
is an indicator of inflammation. Platelets are anucle-
ated small cells that originate from megakaryocytes. Al-
though the main role of these cells is in hemostasis, they
also affect the atherosclerotic process, immune func-
tions, and inflammation (13, 14, 15, 16). Inflammatory
conditions increase the size of platelets. MPV shows us
the size and function of platelets (17).

MPV also can be considered as an indicator of
platelet activation. Large platelets with high MPV
measurements are more reactive and thrombogenic,
they can easily aggregate into the tissue, carry and
express more cytokines (18). For that reason, higher
MPV levels are associated with ischemic cardiovascu-
lar diseases, hypertension, and diabetes (19, 20, 21).

The other two platelet indices are PDW and PCT.
Inflammation affects platelet size and MPV, platelets
are produced in different sizes and PDW is affected
by platelet size variation. The PCT value is calculated
from platelet count and MPV (22). In the same way,
a higher level of MPV affects PCT value. As a result,
all three platelet indices are affected by inflammation.

Many studies examined the relation between vi-
tamin D deficiency and MPV levels. In this study, we
aimed to investigate this relationship with a huge pop-
ulation. We also evaluated other platelet indices such
as PCT and PDW to increase the evidence level of the
study.

|
MATERIAL AND METHODS

This is a retrospective study that includes internal

medicine outpatient clinic patients. All of the study
participants were healthy routine control subjects and
were screened from the hospital information man-
agement system. The present study includes the exact
one-year population (1.1.2017-31.12.2017) of outpa-
tient clinics to avoid seasonal changes in vitamin D.
This study was approved by Clinical Research Ethics
Committee of $isli Hamidiye Etfal Training and Re-
search Hospital (date: 28.08.2018, decision no: 2093).

Patients between the age of 18-80 without any
chronic illnesses are included in the study by following
needed criteria; creatinine <1.3 mg/dl, hemoglobin>12
gr/dl, B12 >150 pg/dl, RDW <14 fL, TSH between 1-5
IU/L and CRP <10 mg/dl. These criteria are used to
exclude pathologies that can affect platelet indices.

Patients are divided into two groups according
to vitamin D levels. Those with vitamin D levels <10
ng/ml constituted the vitamin D deficient group and
those with >30 ng/ml constituted the control group.
International guidelines agree that a vitamin D level
of less than 10 ng/ml is severe vitamin D deficiency,
while a level of more than 25 ng/ml is optimal. (23). In
this study we enrolled subjects with a vitamin D level
lower than 10 ng/ml and higher than 30 ng/ml just be-
cause of to see the exact effect of vitamin D deficiency
on platelet indices.

In the laboratory, hemogram is studied in Mindray
BC6800 (Shenzhen Mindray Bio-Medical Electronics
Co. China) device, TSH, 250H vitamin D, and B12 are
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Table 1. Sex, age and vitamin D distribution of the groups

Vitamin D deficient group Control group
n (797) % n (1382) % p
Gender Male 216 27.1% 428 31% 0.000*
Female 581 72.9% 954 69% 0.000*
mean+SD min-max mean+SD min-max p

Age 44.2+15.4 18-84 53.4+15.8 18-85 0.000**
Vitamin D (ng/ml) 7.49+1.69 0-9.9 42.2+15 30-162.4 0.000**

max: Maximum, min: Minimum, n: Number, SD: Standard deviation

*Chi square test, **Independent t test

Table 2. Comparison of groups in terms of laboratory results

Vitamin D deficient group Control group
mean+SD min-max median mean+SD min-max median p

Hgb* (gr/dl) 13.37+0.82 12.1-17.5 13.2 13.49+0.78 12.1-16.5 13.4 0.209
RDW* (fL) 12.97+0.49 11.09-13.9 13.0 13.03£0.52 10.85-13.9 13.1 0.000
MPV* (fL) 10.56+0.96 7.8-13.4 10.5 10.28+1.07 7.3-13.8 10.3 0.000
PCT* (fL) 0.28+0.06 0.07-0.47 0.3 0.27+0.06 0.09-0.5 0.3 0.000
PDW* (L) 13.56+2.06 9-21.9 13.2 14.16+2.09 9.1-22.7 14.3 0.000
CRP** (mg/dl) 3.68+1.9 0.33-9.9 3.0 3.24+1.89 0-9.96 3 0.000
TSH** (IU/L) 2.21+0.93 1.01-4.88 2.0 2.28+0.91 1.01-4.91 2.1 0.225
Cre.* (mg/dl) 0.68+0.12 0.37-1.11 0.7 0.72+0.13 0.34-1.29 0.7 0.000
B12** (pg/dl) 336.5£156.9 150.3-1752 304.6 424.3+212.7 152-1708 371.6 0.000

Cre: creatinin, CRP: C reactive protein, Hgb: Hemoglobin, max: Maximum, min: Minimum, n: Number, MPV: Mean platelet voliime, PCT:
plateletcrit, PDW: Platelet distibution width, RDW: Reticulocyte disribution width, SD: Standard deviation, TSH: Thyriod stimulating hor-

mone.
* Independent t test, **Mann Whitney-U testi

studied in Beckman Coulter DXI800 (Beckman Coul-
ter, Inc. California, USA) device, and CRP, creatinine
are studied in Roche Cobas 8000 (601 series) device.

Statistical Analyses

In the power analysis performed for the study, the
minimum number of patients to be included was cal-
culated as 262, based on an effect size of 0.2 in the t-
test, by assuming the first type error at the 0.05 level

172 Anadolu Klinigi Tip Bilimleri Dergisi, Mayis 2023; Cilt 28, Sayi 2

and the second type error at the 0.95 level. Statisti-
cal Package for the Social Sciences package program,
version 15.0 (SPSS Inc., Chicago, IL, USA) was used
for the statistical analysis. Descriptive statistics were;
numbers and percentages for categorical variables,
mean, standard deviation, minimum, and maximum
for numerical variables. Comparisons of numerical
variables in two independent groups were made using
the Mann-Whitney U test since numerical variables
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did not meet the normal distribution condition. The
ratios in the groups were compared by Chi-Square
Analysis. Relationships between numerical variables
were analyzed using Spearman Correlation Analysis
since parametric test conditions were not met. Deter-
mining factors were determined by Linear Regression
Analysis. The statistical significance level of alpha was
accepted as p <0.05.

|
RESULTS

A total of 2179 patients were included in the study. 797
patients constituted the vitamin D deficient group and

the remaining 1382 patients constituted the control
group with adequate vitamin D levels. The distribution
of both groups according to gender, age, and vitamin
D levels were given in Table 1. When two groups were
compared in terms of platelet indices, in the vitamin
D deficient group MPV levels were significantly high-
er than the control group (p <0.001). Also PCT lev-
els were significantly high in the Vitamin D deficient
group than the control group (p <0.001). PDW which
is the last platelet index that we evaluated was signifi-
cantly low in the Vitamin D deficient group (p <0.001).
These comparisons are also given in Table 2.

|
DISCUSSION AND CONCLUSION

The present study aimed to evaluate the relationship

between vitamin D deficiency and inflammation over
platelet indices. Results showed that vitamin D defi-
ciency affect platelet indices. The absence of the an-
ti-inflammatory effect of vitamin D leads to the for-
mation of platelets that are larger and more prone to
aggregation, resulting in increased MPV and other
platelet indices.

In a similar study, Park et al. evaluated the inverse
relation between vitamin D levels and platelet indices
in Korean adults (24). In their study, they showed that
platelet count and also MPV levels were higher in the
Vitamin D deficient group. They linked this inverse re-
lationship to the anti-thrombogenic and anti-inflam-
matory effects of vitamin D.

Sivritepe et al. showed that in their study decreas-
ing vitamin D levels increases cardiovascular risk (25).
They showed that cardiovascular risk as assessed by

the Framinghams scale increases with decreasing vita-
min D levels. They attributed this effect to the adverse
effects of myocyte hypertrophy and interstitial fibrosis
that occur in vitamin D deficiency on cardiac remod-
eling.

In another study, Kebapgilar et al. evaluated prima-
ry ovarian insufficiency (POI) patients with vitamin D
deficiency (26). They found that vitamin D deficiency
has an important role in POI patients and is also asso-
ciated with coagulation which is an independent effect
of age and BMI. They accepted elevated levels of D-
dimer, white blood cell, MPV, and prothrombin time
as indicators of risk factors for thrombosis. Eventually,
this study also confirms the same association between
vitamin D deficiency and inflammation.

In a study that included pregnant subjects, Giir
et al. investigated the relationship between MPV and
vitamin D deficiency in gestational diabetes mellitus
(GDM) (27). They suggested that a low serum vita-
min D level leads to a decrease in p-cell function and
insulin sensitivity in pancreatic B-cells. On the other
hand, the author stated that, due to the decreased anti-
inflammatory effect vitamin D deficiency in pregnant
women with GDM can increase cardiovascular and
thrombotic risks.

Our study has shown that the vitamin D deficient
group is younger than the adequate vitamin D group.
We think that older people giving more care about
their health and because of that, they apply to medical
centers for routine tests and as a result of this vitamin
D deficiency is determined and treated. The limitation
here is that it is not known whether the patients in-
cluded in the study had received vitamin D treatment
before. The other limitation that may affect the results
is the sex difference in the vitamin D-deficient group.
In the results of our study, we saw that most of the vi-
tamin D-deficient group members were female. We
believe that as a result of traditional and/or religious
wearing styles, Turkish women are more prone to vi-
tamin D deficiency because more body surface area is
covered.

When the results are evaluated, it is seen that there
is a significant difference between the two groups in
terms of B12, creatinine, RDW, and CRP. However,
since all of the patients were selected from patients
without B12 deficiency, renal failure, normal CRP
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values, and anemia, it is thought that this did not af-

fect the results of the study, but we believe that a study

with matched groups in terms of these parameters will

eliminate the doubts.

Another striking negative aspect of the study is

that the number of the control group was higher than

the vitamin D-deficient group. We believe that this was
due to the addition of B12, hemoglobin, and RDW
levels to the inclusion criteria. Because we think that

many patients with vitamin D deficiency have anemia

or B12 deficiency.

The present study showed that vitamin D defi-

ciency increased inflammation. This study evaluated

three different platelet indices in demonstrating this

relationship and two of them showed a significant

increase. Vitamin D replacement may protect pa-

tients from conditions that may occur secondary to

increased inflammation caused by deficiency. Future

studies with groups without the limitations mentioned

above will provide clearer results.
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