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Abstract 

Background: The prevalence of Vitamin D deficiency is increasing worldwide, which has be 

shown to be associated with increased risk of cardiovascular disease (CVD), autoimmune disease 

and metabolic syndrome. These conditions are also associated with a heightened state of 

inflammation. The aim of the current study was to evaluate the effect of vitamin D 

supplementation on serum C - reactive protein (CRP) level and Neutrophil‑to‑lymphocyte ratio 

(NLR) distribution in a large cohort of adolescent girls.  

Methods: 580 adolescent girls were recruited follow by evaluation of CRP and hematological 

parameters before and after supplementation with vitamin D supplements as 9 of 50000 IU 

cholecalciferol capsules for 3 months taken at weekly intervals. 

Results: At baseline, serum hs-CRP level was 0.9 (95%CI: 0.5-1.8), while this value after 

intervention was reduced to 0.8 (95%CI: 0.3-1.6; P = 0.007). Similar results were also detected 

for NLR (e.g., NLP level was 1.66±0.72 and 1.53±0.67, P = 0.002, before and after therapy with 

compliance rate of >95.2%). Moreover we found an association between hs-CRP and BMI, 

triglyceride, white blood cell count and lymphocytes. Interestingly we observed a significant 

reduction in neutrophil count and CRP level after high dose vitamin D supplementation.  

Conclusion: Our findings showed that the high-dose supplementation of vitamin D affects 

measures of systemic inflammation: reductions in High-Sensitivity C-Reactive Protein level and 

Neutrophil‑to‑lymphocyte ratio (NLR) distribution. This article is protected by copyright. All rights 

reserved 

Key words: vitamin D; supplementation; NLR; CRP. 
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Introduction 

Vitamin D deficiency defined as a serum 25(OH)D (25- hydroxy vitamin D) <20 ng/mL or <50 

nmol/L (1) is a worldwide problem with a high prevalence, reaching 75% in some populations 

(2). This prevalence is also high in the Iranian population (3) . In recent studies the prevalence of 

vitamin D deficiency in Iranian adolescents was reported to be 79- 81.3 %(4). Though, a normal 

serum level of 25-hydroxy vitamin D is important for the skeletal system, Vitamin D deficiency 

is also associated with cardiovascular risk factors, and there is recent evidence for an association 

between vitamin D deficiency and cardiovascular disease (CVD). But there are few randomized 

control trials (RCT) to determine the effects of vitamin D supplementation on CVD (5). Previous 

studies have shown that vitamin D deficiency can be associated with autoimmune disease and 

metabolic syndrome and that these conditions are also associated with a heightened state of 

inflammation (6). Some studies have shown that C - reactive protein (CRP) can predict CVD (7-

9). The Centers for Disease Control and Prevention and the American Heart Association (AHA) 

has suggested that serum hs-CRP can be used as part of a general assessment of cardiovascular 

risk(10). The Canadian Cardiovascular Society also recommended serum hs-CRP level in the 

assessment of patients with “intermediate risk,” which defined as the expectancy risk of a 

cardiovascular event over the 10 years 10%- 20% (11). American Heart Association–AHA has 

recommended that assessment of hs-CRP levels is cost effective for all patients with intermediate 

risk (that mentioned above) (12). So, it is possible to restrain CVD with reducing CRP. 

Neutrophil-to-lymphocyte ratio (NLR) is an inexpensive and easily measured marker for 

determination of inflammation. Previous studies have shown that neutrophil-to-lymphocyte ratio 

associated with diseases that have inflammatory pathogenesis like, cardiovascular disease, 

chronic disease and malignancy (13-15).  There is evidence for reducing inflammation by using 
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of vitamin D (16, 17) and it is possible that by decreasing CRP and NLR using vitamin D 

supplements it may be possible to reduce CVD risk. Recently, some clinical trials have 

investigated the effects of vitamin D supplementation on serum CRP level but to the best of our 

knowledge not on NLR. Furthermore, the studies on the effects of supplementation on CRP were 

undertaken in adult populations. Therefore, as CVD prevention should be started  early in a 

population, we have now conducted this RCT to evaluate the effect of vitamin D 

supplementation on serum C - reactive protein level and NLR in adolescent girls.  

Methods  

Participants. This randomized, clinical study was performed in Mashhad, Iran, during January 

2015 to April 2015. The total population in our RCT was 580 healthy girls aged between 12 to 

18 years. We did not include subjects with any past medical history of hypertension, diabetes or 

any diagnosed chronic diseases like cardiovascular diseases or gastrointestinal diseases, or that 

were taking any drugs, or supplements. We also excluded those with any history of 

hypersensitivity to vitamin D or any facture of the formulation and pregnant or lactating girls. 

The Ethical Committee of Mashhad University of Medical Sciences approved the study, and 

informed written consent was received for all participants. 

Study design. At study baseline, blood samples were taken and data on blood samples, height, 

weight, any diseases and medications were recorded. All participants received vitamin D 

supplements as 9 of 50000 IU cholecalciferol capsules for 3 months taken at weekly intervals. 

After 3 months blood samples were taken and data on height, weight, any diseases and 

medications were recorded. Vitamin D supplements were provided by Zahravi Pharmaceutical 

Company (Tabriz, Iran). We have verified vitamin D pearls by an outside laboratory and the 

pearls contain 50000 IU of cholecalciferol. We asked participants not to change their usual 
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physical activity or routine regimen and diets during the study and not to take any supplements 

other than the supplement that provided to them by the research fellow. We assessed and 

monitored participants' compliance with the consumption of vitamin D supplements every 10 

days through phone or direct interviews. 

Assessment of variables. General demographic data including age, any drug or supplement use, 

chronic diseases were collected as previously described (18). Waist circumference (WC) and 

systolic and diastolic blood pressure were measured as previously described (19). Body Mass 

Index (BMI) was calculated as weight in kilograms divided by height in meters squared. A full 

fasted lipid profile was obtained for each subject. Cell blood counts, fasting blood glucose (FBG) 

concentrations, liver enzymes, serum lipids and 25(OH) vitamin D  were measured by methods 

that have been previously described(20-22) 

Statistical analysis. We used SPSS software version 15.0 (SPSS Inc, Chicago, IL, USA) for all 

statistical analyses. We categorized individuals by quartiles of hs-CRP. We used one-way 

analysis of variance to examine the significant differences in continuous variables across quartile 

categories of hs-CRP. Pearson correlation was done for all variables. Multinomial logistic 

regression was used to investigate the association between hs-CRP and the other variables and 

we adjusted all variables for age. A Wilcoxon test was used for comparing serum hs-CRP before 

and after intervention because of hs-CRP was non-normally distributed. For normally distributed 

variable paired sample t-test was used. We also use bivariate correlation for assessment of 

correlation of our measured factors with hs-CRP. A P-value < 0.05 was considered statistically 

significant. 
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Results: 

The mean (±SD) age, weight and BMI of the participants were 14.5±1.5 y, 52.8±12.0 Kg, and 

21.2±4.3 Kg/m2, respectively (Table 1). The mean (±SD) of serum vitamin D level at baseline 

was 9.4±8.8 nanograms per milliliter (ng/mL) and after high dose vitamin D supplementation it 

increases to 36.4±15.4 (ng/mL) (P< 0.001). At baseline, serum hs-CRP, Median (IQ) was 0.9 

(0.5-1.8) in adolescent girls and after the high-dose supplementation it fell to 0.8 (0.3-1.6) (P = 

0.007) (Table 4). NLR at baseline has a mean ± SD of 1.66±0.72 and after intervention it reduces 

to 1.53±0.67 (P = 0.002) (Table 4). 

On average, the compliance rate was high in our study, and such that >95.2% of vitamin D 

capsules were taken by subjects. After 3 months of intervention we have seen a significant 

decrease in serum hs-CRP (P-interaction=0.007). Also, there was significant association between 

weight (Kg) and hs-CRP quartiles (P< 0.001) (Table 1) at baseline. We have seen this 

association after calculating BMI with hs-CRP quartiles (P< 0.001).  Furthermore, there were 

significant associations between biochemical factors like triglyceride (P< 0.001), white blood 

cell count (P=0.001) and lymphocytes (P=0.001) with hs-CRP (Table 1). After high dose vitamin 

D supplementation we observed a significant reduction in neutrophil count (P< 0.001) (Table 3). 

A significant Pearson’s correlation was seen between hs-CRP and weight, BMI, triglyceride, 

white blood cells, platelets and lymphocytes. 

In multinomial logistic  regression (after adjusted variables for age), there were significant 

association between weight and first hs-CRP quartile  with 3th and 4th hs-CRP quartile, 

respectively  (OR=1.04, P< 0.001/ OR=1.06, P< 0.001), BMI and first hs-CRP quartile  with 3th 

and 4th hs-CRP quartile, respectively  (OR=1.14, P= P< 0.001/ OR=1.21, P= P< 0.001), WBC 
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and first hs-CRP quartile  with 2th, 3th and 4th hs-CRP quartile, respectively  (OR=1.18, P=0.014/ 

OR=1.17, P=0.021/ OR =1.39, P< 0.001), respectively  (OR=1.06, P=0.002/ OR=1.08, P< 0.001) 

and triglyceride and first hs-CRP quartile  with 2th, 3th and 4th hs-CRP quartile, respectively  

(OR=1.00, P=0.022/ OR=1.01, P< 0.001/ OR =1.01, P< 0.001) (Table 2). 

Discussion 

To the best of our knowledge this is the first study showing that high-dose supplementation of 

vitamin D affects measures of systemic inflammation: reductions in High-Sensitivity C-Reactive 

Protein level and Neutrophil‑to‑lymphocyte ratio (NLR) distribution in a large population of 

adolescent girls. This can be explained at least in part by its biological pathways via 

inflammatory and stress responses which is activated through nuclear factor kappa B pathway 

(NF-κB). There are evidences about the effect of activation of nuclear factor kappa B pathway 

(NF-κB) in induction of endogenous CRP (23). Studies have shown that in passively sensitized 

smooth muscle cells in human airways and murine macrophage cells, active form of vitamin D 

(1,25-dihydroxyvitamin D3), had inhibition effects on NF-κB. The mechanism of inhibition is by 

reduction of IkB-α phosphorylation and also up regulation of NF-κB inhibitors (24, 25). 

Therefore, mega dose supplementation of vitamin D can lead to increasing in active form of 

vitamin D (1,25-dihydroxyvitamin D3) and it can decrease CRP by inhibition effects on NF-κB. 

Our finding are similar to the results of study in colorectal adenoma patients (26). In another 

study, Year-Long showed that vitamin D supplementation in overweight and obese subjects lead 

to significantly increase in hs-CRP concentration but decreased in serum interleukin-6 (27). 

There are also other studies that have shown the effect of vitamin D supplementation on 

inflammation. Eleftheriadis et al. (28) showed that participants with higher serum 25(OH) D 
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have lower serum hs-CRP concentration. Also, there was similar association of 25(OH) D and 

hs-CRP in patients with type 2 diabetes that undergoing coronary angiography (29). Similar 

results have shown in asymptomatic adults (30). Vitamin D supplementation can lead to less 

production of parathyroid hormone (31), as we know reduction in parathyroid hormone can lead 

to suppression of inflammatory factors production. Yombi et al. (32) showed that 

Neutrophil‑to‑lymphocyte ratio (NLR) distribution can be comparable to hs-CRP for showing 

early inflammation. Also, Shin et al. have investigated the association of hs-CRP and 

Neutrophil‑to‑lymphocyte ratio (NLR) with mortality in patients with acute myocardial 

infarction and have seen that high NLR and high CRP are independent predictors for all cause 

death in this patients  (33). Both hs-CRP and NLR are biomarkers that associated with 

inflammatory processes. In this study we have seen that mega dose vitamin D supplementation 

significantly decreases NLR and hs-CRP that is similar to other studies that have shown lessen 

inflammatory process with vitamin D supplementation. NLR was used to assess inflammation in 

different patients like patients with cardiovascular disease, chronic diseases disease and 

malignancy (13-15). However, to the best of our knowledge, there is no study to assess the effect 

of vitamin D supplementation in adolescent on NLR level. Previous studies had shown that there 

is an association between vitamin D deficiency and endothelial dysfunction that was because 

inflammatory processes (34, 35). Also, the relation between NLR and atherosclerosis 

demonstrated previously (36). According to these studies, NLR might be an inexpensive marker 

for revealing inflammatory processes for assessing its relation with vitamin D supplementation.  

In our study, we found that there was positive correlation between BMI, waist circumference, 

triglyceride, with hs-CRP. As we know, hypertriglyceridemia and obesity associated with 

cardiovascular diseases (CVD) and in this situation there is an inflammatory process (37)(38). 
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This association may attribute to inflammatory processes and maybe it's association with 

elevated hs-CRP level.  

Conclusion 

In conclusion, hs-CRP and NLR fell significantly after high dose vitamin D supplementation. 

Our study showed that vitamin D supplementation can decreases inexpensive inflammatory 

markers like hs-CRP and NLR. Further RCTs are required for confirmation of these findings, 

and better understanding the relationship of vitamin D and inflammatory markers. 

Conflict of interest  

The authors have no conflict of interest to disclose. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



This article is protected by copyright. All rights reserved 

References: 

1. Holick MF. Vitamin D status: measurement, interpretation, and clinical application. 

Annals of epidemiology. 2009;19(2):73-8. 

2. Muscogiuri G, Sorice G, Ajjan R, Mezza T, Pilz S, Prioletta A, et al. Can vitamin D 

deficiency cause diabetes and cardiovascular diseases? Present evidence and future perspectives. 

Nutrition, Metabolism and Cardiovascular Diseases. 2012;22(2):81-7. 

3. Bonakdaran S, Fakhraee F, Karimian MS, Mirhafez SR, Rokni H, Mohebati M, et al. 

Association between serum 25-hydroxyvitamin D concentrations and prevalence of metabolic 

syndrome. Advances in medical sciences. 2016 Sep;61(2):219-23. PubMed PMID: 26907695. 

Epub 2016/02/26. eng. 

4. Saki F, Dabbaghmanesh MH, Omrani GR, Bakhshayeshkaram M. Vitamin D deficiency 

and its associated risk factors in children and adolescents in southern Iran. Public health 

nutrition. 2015 Jun 08:1-6. PubMed PMID: 26051113. Epub 2015/06/09. eng. 

5. McGreevy C, Williams D. New insights about vitamin D and cardiovascular disease: a 

narrative review. Annals of internal medicine. 2011;155(12):820-6. 

6. Ford ES, Ajani UA, McGuire LC, Liu S. Concentrations of serum vitamin D and the 

metabolic syndrome among US adults. Diabetes care. 2005;28(5):1228-30. 

7. Rifai N, Ridker PM. High-sensitivity C-reactive protein: a novel and promising marker of 

coronary heart disease. Clinical chemistry. 2001;47(3):403-11. 

8. de Ferranti SD, Rifai N. C-reactive protein: a nontraditional serum marker of 

cardiovascular risk. Cardiovascular Pathology. 2007;16(1):14-21. 

9. Collaboration ERF. C-reactive protein, fibrinogen, and cardiovascular disease prediction. 

N Engl J Med. 2012;2012(367):1310-20. 

10. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, Criqui M, et al. 

Markers of inflammation and cardiovascular disease application to clinical and public health 

practice: a statement for healthcare professionals from the centers for disease control and 

prevention and the American Heart Association. Circulation. 2003;107(3):499-511. 

11. Genest J, McPherson R, Frohlich J, Anderson T, Campbell N, Carpentier A, et al. 2009 

Canadian Cardiovascular Society/Canadian guidelines for the diagnosis and treatment of 

dyslipidemia and prevention of cardiovascular disease in the adult–2009 recommendations. 

Canadian Journal of Cardiology. 2009;25(10):567-79. 

12. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, et al. 2010 

ACCF/AHA Guideline for Assessment of Cardiovascular Risk in Asymptomatic Adults: A 

Report of the American College of Cardiology Foundation/American Heart Association Task 

Force on Practice Guidelines Developed in Collaboration With the American Society of 

Echocardiography, American Society of Nuclear Cardiology, Society of Atherosclerosis Imaging 

and Prevention, Society for Cardiovascular Angiography and Interventions, Society of 

Cardiovascular Computed Tomography, and Society for Cardiovascular Magnetic Resonance. 

Journal of the American College of Cardiology. 2010;56(25):e50-e103. 

13. Turkmen K, Ozcicek F, Ozcicek A, Akbas EM, Erdur FM, Tonbul HZ. The relationship 

between neutrophil‐to‐lymphocyte ratio and vascular calcification in end‐stage renal disease 

patients. Hemodialysis International. 2014;18(1):47-53. 

14. Imtiaz F, Shafique K, Mirza SS, Ayoob Z, Vart P, Rao S. Neutrophil lymphocyte ratio as 

a measure of systemic inflammation in prevalent chronic diseases in Asian population. 

International archives of medicine. 2012;5(1):2. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



This article is protected by copyright. All rights reserved 

15. Liu CL, Lee JJ, Liu TP, Chang YC, Hsu YC, Cheng SP. Blood neutrophil‐to‐lymphocyte 

ratio correlates with tumor size in patients with differentiated thyroid cancer. Journal of surgical 

oncology. 2013;107(5):493-7. 

16. Guillot X, Semerano L, Saidenberg-Kermanac’h N, Falgarone G, Boissier M-C. Vitamin 

D and inflammation. Joint Bone Spine. 2010;77(6):552-7. 

17. Zanetti M, Harris SS, Dawson-Hughes B. Ability of vitamin D to reduce inflammation in 

adults without acute illness. Nutrition reviews. 2014;72(2):95-8. 

18. Mardan-Nik M, Pasdar A, Jamialahmadi K, Biabangard-Zak A, Mirhafez SR, Ghalandari 

M, et al. Association of heat shock protein70-2 (HSP70-2) gene polymorphism with coronary 

artery disease in an Iranian population. Gene. 2014;550(2):180-4. 

19. Mirhafez S, Ebrahimi M, Karimian MS, Avan A, Tayefi M, Heidari-Bakavoli A, et al. 

Serum high-sensitivity C-reactive protein as a biomarker in patients with metabolic syndrome: 

evidence-based study with 7284 subjects. European Journal of Clinical Nutrition. 

2016;70(11):1298-304. 

20. Mirhafez SR, Pasdar A, Avan A, Esmaily H, Moezzi A, Mohebati M, et al. Cytokine and 

growth factor profiling in patients with the metabolic syndrome. British Journal of Nutrition. 

2015;113(12):1911-9. 

21. Zomorrodian D, Khajavi-Rad A, Avan A, Ebrahimi M, Nematy M, Azarpazhooh MR, et 

al. Metabolic syndrome components as markers to prognosticate the risk of developing chronic 

kidney disease: evidence-based study with 6492 individuals. Journal of epidemiology and 

community health. 2015:jech-2014-205160. 

22. Mazidi M, Rokni H, Sahebkar AH, Mohammadi A, Ghayour-Mobarhan M, Ferns GA. 

Simvastatin treatment does not affect serum Vitamin D concentrations in patients with 

dyslipidemia: A randomized double-blind placebo-controlled cross-over trial. International 

Journal of Preventive Medicine. 2016;7. 

23. Agrawal A, Cha‐Molstad H, Samols D, Kushner I. Overexpressed nuclear factor‐κB can 

participate in endogenous C‐reactive protein induction, and enhances the effects of C/EBPβ and 

signal transducer and activator of transcription‐3. Immunology. 2003;108(4):539-47. 

24. Cohen-Lahav M, Shany S, Tobvin D, Chaimovitz C, Douvdevani A. Vitamin D 

decreases NFκB activity by increasing IκBα levels. Nephrology Dialysis Transplantation. 

2006;21(4):889-97. 

25. Song Y, Hong J, Liu D, Lin Q, Lai G. 1, 25‐Dihydroxyvitamin D3 Inhibits Nuclear 

Factor Kappa B Activation by Stabilizing Inhibitor IκBα via mRNA Stability and Reduced 

Phosphorylation in Passively Sensitized Human Airway Smooth Muscle Cells. Scandinavian 

journal of immunology. 2013;77(2):109-16. 

26. Hopkins MH, Owen J, Ahearn T, Fedirko V, Flanders WD, Jones DP, et al. Effects of 

supplemental vitamin D and calcium on biomarkers of inflammation in colorectal adenoma 

patients: a randomized, controlled clinical trial. Cancer Prevention Research. 2011;4(10):1645-

54. 

27. Beilfuss J, Berg V, Sneve M, Jorde R, Kamycheva E. Effects of a 1-year supplementation 

with cholecalciferol on interleukin-6, tumor necrosis factor-alpha and insulin resistance in 

overweight and obese subjects. Cytokine. 2012;60(3):870-4. 

28. Eleftheriadis T, Antoniadi G, Liakopoulos V, Stefanidis I, Galaktidou G. Inverse 

association of serum 25-hydroxyvitamin D with markers of inflammation and suppression of 

osteoclastic activity in hemodialysis patients. Iranian journal of kidney diseases. 2012;6(2):129. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



This article is protected by copyright. All rights reserved 

29. O'Hartaigh B, Neil Thomas G, Silbernagel G, Bosch JA, Pilz S, Loerbroks A, et al. 

Association of 25-hydroxyvitamin D with type 2 diabetes among patients undergoing coronary 

angiography: cross-sectional findings from the LUdwigshafen Risk and Cardiovascular Health 

(LURIC) Study. Clinical endocrinology. 2013 Aug;79(2):192-8. PubMed PMID: 22924597. 

Epub 2012/08/29. eng. 

30. Amer M, Qayyum R. Relation between serum 25-hydroxyvitamin D and C-reactive 

protein in asymptomatic adults (from the continuous National Health and Nutrition Examination 

Survey 2001 to 2006). The American journal of cardiology. 2012;109(2):226-30. 

31. Brandi L. 1alpha(OH)D3 One-alpha-hydroxy-cholecalciferol--an active vitamin D 

analog. Clinical studies on prophylaxis and treatment of secondary hyperparathyroidism in 

uremic patients on chronic dialysis. Danish medical bulletin. 2008 Nov;55(4):186-210. PubMed 

PMID: 19232159. Epub 2009/02/24. eng. 

32. Yombi JC, Schwab P-E, Thienpont E. Neutrophil-to-lymphocyte ratio (NLR) distribution 

shows a better kinetic pattern than C-reactive protein distribution for the follow-up of early 

inflammation after total knee arthroplasty. Knee Surgery, Sports Traumatology, Arthroscopy. 

2015:1-6. 

33. Shin H, Jang JS, Jin HY, Seo JS, Yang TH, Kim DK, et al. TCT-192 Combined Use of 

Neutrophil to Lymphocyte Ratio and C-Reactive Protein to predict Clinical Outcomes in Acute 

Myocardial Infarction Patients undergoing Percutaneous Coronary Intervention. J Am Coll 

Cardiol. 2016 Nov 01;68(18S):B78-B9. PubMed PMID: 27970361. Epub 2016/12/15. eng. 

34. Ngo DT, Sverdlov AL, McNeil JJ, Horowitz JD. Does vitamin D modulate asymmetric 

dimethylarginine and C-reactive protein concentrations? The American journal of medicine. 

2010;123(4):335-41. 

35. Chitalia N, Ismail T, Tooth L, Boa F, Hampson G, Goldsmith D, et al. Impact of vitamin 

D supplementation on arterial vasomotion, stiffness and endothelial biomarkers in chronic 

kidney disease patients. PloS one. 2014;9(3):e91363. 

36. Turkmen K, Erdur FM, Guney I, Ozbiner H, Toker A, Gaipov A, et al. Relationship 

between plasma pentraxin-3, neutrophil-to-lymphocyte ratio, and atherosclerosis in renal 

transplant patients. Cardiorenal medicine. 2012;2(4):298-307. 

37. Haffner SM. Relationship of metabolic risk factors and development of cardiovascular 

disease and diabetes. Obesity. 2006;14(S6):121S-7S. 

38. Oliveira AC, Oliveira AM, Almeida MS, Silva AM, Adan L, Ladeia AM. Alanine 

aminotransferase and high sensitivity C-reactive protein: correlates of cardiovascular risk factors 

in youth. The Journal of pediatrics. 2008;152(3):337-42. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



This article is protected by copyright. All rights reserved 

Table 1 Baseline demographic, anthropometric, clinical and laboratory characteristics of the 

participants according to the serum high sensitvity C-reactive protein quartiles 

Data are expressed as mean ± SD. 

a: Q1 with Q2, Q3, Q4/ b: Q2 with Q3, Q4/ c: Q3 with Q4 significance are  according to post hoc 

analysis. 

*Comparison of variables with hs-CRP quartiles. 

 

Variables Q1 Q2 Q3 Q4 P 

value* 

Age (Years) 14.4±1.5 14.8±1.5 14.5±1.5 14.6±1.6 0.100 

Weight (Kg) 49.0±8.8 50.9±10.3 54.3±11.2a, b 57.6±15.6a, b, c < 0.001 

Height (Cm) 157.2±6.3 157.5±6.3 158.1±6.0 157.9±7.0 0.537 

Body Mass Index (Kg/m2) 19.8±3.1 20.4±3.6 21.6±3.8a, b 22.9±5.6a, b, c < 0.001 

Waist Circumference (Cm) 67.5±6.7 68.7±7.6 72.3±8.5a, b 74.2±11.8a, b 0.000 

Systolic Blood Pressure (mmHg) 96.9±14.6 96.3±14.3 97.3±13.6 96.7±14.4 0.919 

Diastolic Blood Pressure (mmHg) 61.9±13.2 63.1±12.9 63.7±13.2 62.1±13.1 0.504 

Cholesterol (mg/dL) 170.8±64.2 185.1±84.6 178.6±64.0 164.5±56.6b 0.027 

Triglyceride (mg/dL) 76.0±30.3 79.9±33.3 92.7±40.4a, b 96.6±53.1a, b < 0.001 

White Blood Cell Count (billion 

cells/L) 

5.8±1.5 6.5±3.4a 6.3±1.8 6.8±1.9a 0.001 

Red Blood Cell Count (trillion 

cells/L) 

4.8±0.6 4.9±0.7 5.0±0.8 5.0±0.9 0.282 

Hemoglobin (grams/dL) 13.8±2.1 13.9±1.9 14.2±2.8 14.0±2.3 0.551 

Hematocrit (percent) 42.9±5.7 43.8±6.1 44.2±6.9 43.6±7.4 0.340 

Mean Corpuscular Volume (fL/red 

cell) 

87.9±6.8 88.4±6.7 88.0±7.1 87.2±6.4 0.424 

Mean Corpuscular Hemoglobin 

(pg/cell ) 

28.4±2.3 28.3±2.4 28.0±2.4 28.2±2.3 0.642 

Mean Corpuscular Hemoglobin 

Concentration (g/dL) 

32.1±1.6 31.9±1.8 31.9±2.1 32.2±1.6 0.407 

Platelets (billion/L) 244.1±65.4 244.4±56.6 266.0±67.2 270.5±76.0a, b 0.001 

Lymphocytes (percent) 38.5±8.1 37.6±9.0 36.8±8.6 34.4±9.2a, b 0.001 

Neutrophils (percent) 53.4±9.1 53.4±11.1 55.2±9.6 56.1±11.1 0.081 

Platelet Distribution Width 

(percent) 

12.9±1.8 12.8±1.8 12.6±1.9 12.9±2.1 0.617 

Red Cell Distribution Width 

(percent) 

12.8±1.2 12.9±1.3 12.8±1.2 13.0±1.4 0.571 

Mean Platelet Volume (fL) 10.5±3.7 10.7±3.8 10.0±0.9 10.3±2.2 0.299 

Platelet Larger Cell Ratio 27.2±6.6 27.4±8.7 25.8±7.2 26.9±7.6 0.379 
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Table 2 multinomial logistic regression: Odds ratio of variables according to the serum high 

sensitvity C-reactive protein quartiles 

 Reference group* and hs-

CRP quartile 2 

Reference group and hs-

CRP quartile 3 

Reference group and hs-

CRP quartile 4 

variables Odds Ratio P- Value Odds Ratio P- Value Odds Ratio P- Value 

BMI (Kg/m2) 1.03 (0.97-

1.10) 

0.250 1.14 (1.07-

1.20) 

< 0.001 1.21 (1.14-

1.28) 

< 0.001 

Waist Circumference 

(Cm) 

1.01 (0.98-

1.04) 

0.270 1.07 (1.04-

1.10) 

0.000 1.09 (1.06-

1.12) 

< 0.001 

WBC (billion cells/L) 1.18 (1.03-

1.35) 

0.014 1.17 (1.02-

1.33) 

0.021 1.39 (1.22-

1.59) 

< 0.001 

Lymphocytes (percent) 0.98 (0.96-

1.01) 

0.455 0.97 (0.94-

1.00) 

0.121 0.95 (0.92-

0.97) 

< 0.001 

Platelet (billion/L) 1.00 (0.99-

1.00) 

0.734 1.00 (1.00-

1.00) 

0.031 1.00 (1.00-

1.01) 

0.001 

Triglyceride (mg/dL) 1.00 (1.00-

1.01) 

0.022 1.01 (1.00-

1.02) 

< 0.001 1.01 (1.01-

1.02) 

< 0.001 

All variables adjusted for age.  

*hs-CRP quartile 1 is the Reference group. 
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Table 3 CBC at baseline and 12 wk after intervention in healthy adolescent girls who received mega 

dose vitamin D supplements 

 Before Supplementation After Supplementation P- Value 

White Blood Cell 

Count (billion cells/L) 

6.37±2.34 6.31±1.66 0.557 

Red Blood Cell Count 

(trillion cells/L) 

4.99±0.81 4.93±0.65 0.144 

Hemoglobin 

(grams/dL) 

14.03±2.24 14.00±1.83 0.807 

Hematocrit (percent) 43.64±6.51 43.36±5.51 0.399 

Mean Corpuscular 

Volume (fL/red cell) 

87.42±6.80 88.13±5.76 < 0.001 

Mean Corpuscular 

Hemoglobin (pg/cell ) 

28.17±2.37 28.53±2.29 < 0.001 

Mean Corpuscular 

Hemoglobin 

Concentration (g/dL) 

32.17±1.78 32.35±1.29 0.004 

Platelets (billion/L) 260.90±69.10 249.09±60.02 < 0.001 

Lymphocytes (percent) 36.57±8.49 37.51±8.50 0.037 

Neutrophils (percent) 55.17±9.68 52.38±9.43 < 0.001 

Platelet Distribution 

Width (percent) 

12.76±1.97 12.70±1.96 0.473 

Red Cell Distribution 

Width (percent) 

12.91±1.18 12.75±1.02 < 0.001 

Mean Platelet Volume 

(fL) 

10.25±1.78 10.07±0.90 0.032 

Platelet Larger Cell 

Ratio 

26.60±7.61 26.00±7.18 0.041 

Data are expressed as mean ± SD. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



This article is protected by copyright. All rights reserved 

Table 4 Concentrations of serum hs-CRP and Neutrophil-to-lymphocyte ratio (NLR) at baseline 

and 12 wk after intervention in healthy adolescent girls who received mega dose vitamin D 

supplements 

 Before Supplementation After Supplementation P- Value 

hs-CRP*  0.975 (0.500-1.850) 0.860 (0.387-1.61) 0.007 

NLR† 1.66±0.72 1.53±0.67 0.002 

*Data is expressed as Median (IQR). 

† Data is expressed as mean ± SD. 
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