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Aim: Besides classical disorders of bone metabolism, vitamin 
D may explain the pathogenesis of many diseases associated 
with inflammation and vitamin D deficiency. Novel Hemogram-
Derived Inflammatory Biomarkers are new and inexpensive 
markers of inflammation that can be tested in all centers. The 
aim of this study is to investigate the relationship between 
25-hydroxyvitamin D (25(OH)D) and new inflammatory markers 
and inflammation.

Material and Method: This study was conducted prospectively 
and data from 77 patients treated in the Pediatric Intensive 
Care Unit were included. Simultaneous 25(OH)D3, calcium, 
phosphorus and complete blood count results were recorded. 
Novel hemogram-derived inflammatory biomarkers, systemic 
inflammatory response index (SIRI) and systemic immune 
inflammatory index (SII), were calculated.

Results: New inflammatory biomarkers derived from hemogram, 
SII [627552.63 (6000-13572000)-999304.35 (21432.43-18600000)] 
and SIRI [2013.51 (35-22789.37)-1671.75 (39.25-36000)], did not 
show statistically significant differences between groups with 
and without vitamin D deficiency (p>0.05 for all).

Conclusion: Our study did not reveal a statistical association 
between these inexpensive and universally available 
biomarkers and vitamin D levels and inflammation. The validity 
of the findings should be confirmed with a larger number of 
subjects.

Keywords: Vitamin D, inflammation, pediatric intensive care, 
systemic inflammatory index, systemic inflammatory response 
index

Amaç: Klasik kemik metabolizması bozukluklarının yanı sıra 

D vitamini, inflamasyon ve D vitamini eksikliği ile ilişkili birçok 

hastalığın patogenezini açıklayabilir. Hemogramdan Türetilmiş 

Yeni İnflamatuar Biyobelirteçler, tüm merkezlerde çalışılabilecek 

yeni ve ucuz inflamasyon belirteçleridir. Bu çalışmanın amacı, 

25-hidroksi D vitamini (25(OH)D) ile yeni inflamatuar belirteçler 

ile inflamasyon arasındaki ilişkiyi araştırmaktır.

Gereç ve Yöntem: Bu çalışma prospektif olarak yürütüldü 

ve Çocuk Yoğun bakım Ünitesinde tedavi gören 77 hastanın 

verileri dahil edildi. Eş zamanlı çalışılan 25(OH)D3, kalsiyum, 

fosfor ve tam kan sayımı sonuçları kaydedildi. Hemogramdan 

türetilmiş yeni inflamatuar biyobelirteçler, sistemik inflamatuar 

yanıt indeksi (SIRI) ve sistemik immün inflamatuar indeks (SII) 

hesaplandı.

Bulgular: D vitamini eksikliği olan ve olmayan gruplar arasında 

hemogramdan türetilmiş yeni inflamatuar biyobelirteçler SII 

[627552,63 (6000-13572000)-999304,35 (21432,43-18600000] 

ve SIRI [2013,51 (35-22789,37)-1671,75 (39,25-36000)] açısından 

istatistiksel olarak anlamlı fark bulunmadı (tümü için p>0,05).

Sonuç: Çalışmamız, bu ucuz ve evrensel olarak bulunabilen 

biyobelirteçler ile D vitamini düzeyleri ve inflamasyon arasında 

istatistiksel bir ilişki varlığını ortaya koymamıştır. Daha fazla 

sayıda denek ile bulguların geçerliği doğrulanmalıdır.

Anahtar Kelimeler: D vitamini, inflamasyon, çocuk yoğun 

bakım, sistemik inflamatuar indeks, sistemik inflamatuar yanıt 

indeksi
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INTRODUCTION
The prevalence of vitamin D deficiency is increasingly 
becoming a significant public health issue. (1) The effects 
of vitamin D on bone and calcium metabolism are 
well-known by everyone. However, numerous studies 
have indicated that vitamin D deficiency contributes 
to the development, increased risks, and worsening of 
various diseases. (2-5) Some clinical trials have revealed 
that vitamin D plays a crucial role in modulating innate 
immune responses against various pathogens. (6) 
Furthermore, recent research has associated vitamin 
D with a range of diseases such as inflammation, 
depression (7), cardiovascular disease (8), diabetes 
(9), autoimmune diseases (10), and cancer (11). It has 
also been demonstrated that vitamin D may regulate 
adaptive immune responses. (12)

Inflammation is characterized by the detection of 
high concentrations of inflammatory biomarkers in 
circulation and plays a role in the pathophysiology of 
many chronic diseases and various infections. (13) During 
inflammation, the activation of toll-like receptors and 
various cytokines such as IFN-γ can upregulate vitamin 
D binding receptors in macrophages, thereby promoting 
a rapid conversion from 25(OH)D to 1,25(OH)2D. Other 
cytokines like IL-4, on the other hand, can induce the 
catabolism of 25(OH)D into the inactive metabolite 
24,25-dihydroxycholecalciferol (24,25(OH)2D) (13). 
Furthermore, some studies also suggest that chronic 
inflammation and chronic infections may alter the 
concentration of 25(OH)D. (13)

The relationship between vitamin D and proinflammatory 
markers such as soluble tumor necrosis factor-alpha 
(TNF-a), C-reactive protein (CRP), interleukin (IL)-6, IL-
10, has been demonstrated. (14-17) Due to the high 
cost of these tests, they are not routinely performed in 
many centers and are not even available in developing 
countries. In this situation, researchers find it more 
accessible to investigate the relationship between 
vitamin D levels and inflammation using inflammatory 
markers derived from easily measurable, repeatable, and 
inexpensive hematologic parameters such as neutrophil-
to-lymphocyte ratio (NLR) (17,18), platelet-to-lymphocyte 
ratio (PLR) (17,18), platelet distribution width (PDW) (19), 
and red cell distribution width (RDW). (18,21,22)

The statistical relationship between neutrophil-to-
lymphocyte ratio and infectious diseases, malignancies, 
cardiovascular diseases, metabolic syndrome, end-
stage kidney disease, and other various inflammatory 
conditions has been demonstrated (5, 22-24) [28-38]. 
Additionally, similar relationships have been observed 
for platelet-neutrophil ratio (18, 25).

New biomarkers derived from hemogram, such as 
the systemic inflammatory response index (SIRI) and 
systemic immune-inflammation index (SII), which utilize 

three cell lines (neutrophil, lymphocyte, and platelet), 
have been investigated not only in determining the 
outcomes of neoplastic diseases but also in cardiological 
diseases, autoimmune neurological diseases, and some 
correlations have been identified (26-29).

Therefore, we aimed to investigate the relationship 
between vitamin D levels and parameters such as NLR, 
PLR, LMR, SII, and SIRI, which are considered inexpensive 
and easily accessible systemic inflammation markers, in 
individuals under 18 years of age receiving treatment in 
the pediatric intensive care unit.

MATERIAL AND METHOD
Our study was a prospective study conducted between 
November 1, 2018, and September 30, 2019, at the 
Department of Pediatrics, Selçuk University Faculty of 
Medicine, Pediatric Intensive care Unit (PICU), involving 
80 patients aged between 1 month and 18 years. The 
patient group consisted of children admitted to the PICU 
who were planned for diagnosis, treatment, and follow-
up for at least 1 day, with no diagnosis of rickets or any 
known pathology in calcium/phosphorus metabolism. 
Patients with multiple admissions during the study 
period were included as separate cases.

Demographic data of patients, admission diagnosis, 
presence of underlying diseases, duration of stay in the 
PICU and hospital, need for mechanical ventilation (MV) 
and vasopressors, PRISM-III and PELOD scores, 25(OH)
Vit-D3, Ca, ionized Ca, P, ALP, magnesium (Mg), and 
albumin values were recorded.

Patient demographic and clinical data, including age, 
gender, body mass index (BMI) (kg/m2), underlying 
disease, reason for admission, season, and history of 
vitamin D supplementation, were recorded at the time 
of admission to the PICU. Laboratory variables obtained 
within the first 24 hours of hospitalization, including 
total calcium, ionized calcium, phosphate, magnesium, 
and 25(OH)D serum levels, were analyzed.

Patients with blood 25(OH)Vitamin D3 level ≤20 ng/
mL were defined as having vitamin D deficiency (30). 
Patients were divided into two groups based on their 
25(OH)Vitamin D3 levels. Forty patients with 25(OH)
Vitamin D3 levels ≤20 ng/mL were labeled as "Group-1," 
while 37 patients with 25(OH)Vitamin D3 levels >20 ng/
mL were labeled as "Group-2."

To calculate patients' mortality and morbidity, the 
Pediatric Risk of Mortality III (PRISM-III) scoring system, 
which is the most used scoring system for patients in 
pediatric intensive care, was utilized. Variables used 
to measure disease severity include the Pediatric 
Risk of Mortality III (PRISM III) score, catecholamine 
requirements, mechanical ventilation, length of stay 
(LOS) in the PICU, and mortality.
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In our study, clinical and laboratory investigations were 
used to diagnose sepsis. The diagnosis of sepsis was made 
based on clinical evidence of systemic inflammatory 
response syndrome (SIRS) and/or the presence of 
microorganisms demonstrated microbiologically.

The NLR was simply calculated by dividing the neutrophil 
count by the lymphocyte count. Complete blood count 
analyses were performed on the Beckman Coulter LH 
780 model automatic analyzer (Beckman Coulter Inc.; 
Brea, CA). The manufacturer's original kits were used for 
hemogram tests.

Blood samples were collected via cephalic venipuncture 
and analyzed in the hospital laboratory within two 
hours of collection. SII, defined as (neutrophil count) × 
(platelet count)/(lymphocyte count), and SIRI, defined 
as (neutrophil count) × (monocyte count)/(lymphocyte 
count), were calculated with data obtained from 
complete blood count reports measured using an 
automated system .

Serum vitamin D concentrations (1 ng/mL = 2.5 
nmol/L) were assessed with the DiaSorin LIAISON® 25 
OH Vitamin D TOTAL Assay (Stillwater, MN, USA). This 
chemiluminescence immunoassay (detection range 
4-150 ng/mL, sensitivity 5.0% CV, SD of sensitivity 1.2% 
[67]) compares well with the Elecsys vitamin D Total 
Assay, which was previously approved for clinical use by 
Endocrine. It has the power of harmony.

The study protocol was submitted to Selçuk University 
Faculty of Medicine, Local Ethics Committee and approval 
was obtained (decision number: 2018/286).

Statistical analyzes of the study were evaluated as 
descriptive, univariate, and multivariate analysis methods. 
In these subsections, mean and standard deviation were 
used to present numerical data, and percentage values 
were used to present categorical data. Normal distribution 
criteria for numerical data were evaluated with the 
Kolmogorov-Smirnov test. For numerical variables with 
normal distribution, t-test was used, for numerical variables 
with non-normal distribution, Mann-Whitney U was used 
for two-group comparisons, and in the presence of more 
than two groups, Kruskall-Wallis non-parametric analysis 
of variance was applied. A two-way hypothesis structure 
and a 5% Type-1 error level were used in all statistical 
evaluations of the study. Analyzes were performed in SPSS 
21 (IBM Corp. in Armonk, NY, USA) software.

RESULTS
A total of 77 children, 48 boys and 29 girls, were included 
in the study. The mean age of the patients was 54 ±64 
months (median 16 months). We divided the patients into 
two groups according to 25(OH)D serum levels. 25 OH) D 
level was <=20 ng/ml in 40 (52%) patients and >20 ng/
ml in 37 (48%) patients. Demographic characteristics and 

laboratory results of these groups are given in Table 1 and 
2. Ages were found to be significantly higher in vitamin D 
<=20 ng/ml groups (p < 0.001). There was no significant 
difference between vitamin D groups in terms of laboratory 
results (except calcium and vitamin D) (p>0.05 for all).

Table 1. Demographic characteristics of PICU patients
Vitamin D 

insufficient
Vit D 

sufficient p value

Age(months) 63.5 (2-207) 9 (1-216) 0.000
Gender

Male 23 25 0.481
Female 17 12

Weight (kilograms) 17.5 (4-90) 5.5 (2.6-60) 0.000
Height (cm) 99 (54-192) 62 (51-170) 0.000
PRISM III Score 16.51±7.24 16.26±8.53 0.886
PRISM III Score: Pediatric Risk of Mortality III score

Table 2. Vitamin D status, laboratory, and indices values in 
PICU patients

Vitamin D 
insufficient Vit D sufficient p 

value
Calcium 
(mg/dL) 8.95 (6.1-10.8) 9.7 (7.1-10.7) 0.005

Hemoglobin
(g/dL) 10.95 (5.5-16.7) 10.4 (7.1-16.6) 0.251

Platelet 
(cells/µL)

291500 
(6000-645000)

356000 
(39000-906000) 0.061

Neutrophil 
(cells/µL) 7750 (420-73630) 6500 (1300-22650) 0.939

Lymphocyte 
(cells/µL) 2400 (240-15950) 2900 (200-11100) 0.763

Monocyte 
(cells/µL) 790 (20-3500) 800 (80-2440) 0.951

CRP (mg/L) 9.34 (0.51-684) 5.05 (0.05-502) 0.126
Procalcitonin 
(ng/mL) 0.37 (0.03-47.52) 0.32 (0-100) 0.425

PLR 98.73 (6-538.57) 148.62 (3.51-1550) 0.078
NLR 2.37 (0.13-36) 2.39 (0.18-60) 0.980
MLR 0.27 (0.04-1.01) 0.3 (0.02-3) 0.541
LMR 3.75 (0.99-27.03) 3.3 (0.33-55.5) 0.541

SII 627552.63 
(6000-13572000)

999304.35 
(21432.43-18600000) 0.343

SIRI 2013.51 
(35-22789.37)

1671.75 
(39.25-36000) 0.911

Vitamin D 
(ng/mL) 10.67 (3-19.69) 34.36 (21.73-61.53) 0.000

NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, LMR: lymphocyte 
-to- monocyte ratio, PDW: platelet distribution width, CRP: C reactive protein SII: systemic 
immune-inflammation index SIRI: systemic inflammatory response index

DISCUSSION
In our study, no significant relationship was found between 
25(OH)D3 deficiency and CRP, NLR, PLR, MLR, LMR, SII and 
SIRI values. Although many publications in the literature 
show a relationship between 25(OH)D3 deficiency and 
inflammation, there is no definitive association (19, 32-
34). Alrefai et al. reported that 25(OH)D3 levels decreased, 
and hs-CRP levels increased as disease activity increased 
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in 201 patients with Crohn's disease (32). Mathur et al. 
They revealed that CRP levels decreased in response to 
vitamin D supplementation in ulcerative colitis patients 
with vitamin D deficiency (33). In the study by Akbaş et 
al., which retrospectively examined 4120 patients with 
25(OH)D3 deficiency, it was reported that there was a 
negative correlation between 25(OH)D3 deficiency and 
CRP, NLR and PLR values (19). They also stated that NLR and 
PLR, which are easily calculated, practical, reproducible, 
and affordable parameters, can be used as biomarkers for 
endothelial dysfunction as well as inflammation (19). In a 
study where hs-CRP and NRL levels were evaluated before 
and after vitamin D supplementation in 580 healthy 
adolescents in Iran, it was reported that hs-CRP and 
NRL levels decreased after vitamin D supplementation 
(35). According to the study, they said that NLR could 
be an inexpensive marker to reveal inflammatory 
processes in evaluating the relationship with vitamin D 
supplementation. In a study conducted on hemodialysis 
patients, it was reported that there was a significant 
relationship between 25(OH)D3 and NLR (36). In a study 
that included patients who applied to physical medicine 
and rehabilitation outpatient clinics with complaints of 
non-specific muscle or joint pain, a negative relationship 
was found between CRP and 25(OH)D3 levels, but no 
relationship was found between 25(OH)D3 and NLR and 
PLR values (18). 

There are also studies reporting that there is no 
relationship between CRP and 25(OH)D3 deficiency (37, 
38). In a study conducted on patients with and without 
chronic kidney disease, it was reported that there was 
no relationship between 25(OH)D3 and CRP, ESR and 
hemogram values (37). In their study investigating the 
relationship between factors underlying cardiovascular 
disease and 25(OH)D3, Kim et al. (38) reported that there 
was no connection between 25(OH)D3 and CRP and 
interleukin-6 (38). In our study, there was no relationship 
between both CRP and hemogram-derived inflammatory 
markers and vitamin D deficiency.

Thrombosis may develop due to platelet activation in 
response to the inflammatory condition. Chemokines 
secreted when platelets are activated play a role in the 
immune response by acting as acute phase reactants 
(39). It has been reported that platelets with higher MPV 
values are found in inflamed tissues. High MPV level has 
been found to be associated with various infections, 
cardiovascular and cerebrovascular diseases, thrombosis 
and diseases with low levels of inflammation (40, 41). 
Sobolewska et al. (8) evaluated MPV in the evaluation 
of subclinical inflammation and response to biological 
treatment in Crohn's patients, and stated that high 
MPV was a good marker predicting a good response to 
infliximab treatment (42).

In a study conducted on newborns, NLR values were 
found to be significantly higher in patients with vitamin 

D deficiency. A positive correlation was also found 
between the vitamin D status of the mother and the 
newborn. Neonatal NLR was negatively correlated with 
newborn vitamin D status, this neonatal study revealed 
an inverse relationship between non-invasive, easy and 
inexpensive markers of inflammation and vitamin D 
status. It has been inferred that vitamin D deficiency may 
increase susceptibility to infection (43).

Another study conducted in Turkey on adults without 
acute inflammation, infection or chronic disease 
showed that both NLR and MPV could be markers of the 
inflammatory burden in vitamin D deficiency (44).

In a study evaluating hematological parameters and 
inflammatory markers in children with COVID-19, 
LMR was significantly higher in hospitalized patients; 
However, NLR, PLR, d-NLR and MPVLR were found to be 
significantly low, and no statistically significant difference 
was found in terms of SII between hospitalized and 
outpatient patient groups (45).

In a study evaluating the relationship between serum 
vitamin D concentrations and new inflammatory markers 
(SIRI and SII) in patients who underwent coronary 
angiography due to suspicion of acute coronary 
syndrome, it was shown that patients diagnosed with 
ACS had lower serum vitamin D levels. In addition, SIRI 
(but not SII) was significantly correlated with serum 
vitamin D concentration in the entire analyzed group, 
with SIRI and SII both negatively associated with vitamin 
D levels in patients with ACS (29).

In a study of children without any acute infection and/
or chronic disease, it was found that vitamin D levels 
had a significant negative correlation with NLR, PLR 
and PDW, and a positive correlation with LMR and RDW. 
They stated that, despite this statistical significance, the 
difference between the median values of the vitamin D 
groups is very small and the degree of correlation is very 
weak, so the clinically expected significant difference in 
laboratory results between the vitamin D groups should 
also be questioned (46).

The main limitation of the study is that the inflammatory 
parameters we examined cannot be compared with 
more specific inflammatory parameters such as 
procalcitonin, IL-6, IL-10. Since our study was conducted 
on patients in intensive care and was not conducted 
on healthy children who applied for routine check-
ups, a control group was not created. We believe that 
it would be useful to simultaneously evaluate the 
relationship between vitamin D and hemogram-derived 
inflammatory parameters and specific biomarkers in 
prospective studies. Secondly, since it is a single-center 
study, its generalizability is limited, and it would be 
appropriate to increase the number of samples. Third, 
although the study was a prospective study, we could 
not evaluate whether vitamin D supplementation 
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changed inflammatory markers in those with vitamin D 
deficiency, as there was no study examining the effect of 
treatment.  

CONCLUSION 
Although many studies show that vitamin D deficiency 
is associated with hemogram-derived inflammatory 
markers, we cannot say that there is a statistically 
significant relationship. These inflammatory markers are 
advantageous because they are simple, inexpensive, and 
readily available. However, we think that the validity of 
the findings should be confirmed with a larger number 
of subjects.
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