

  nutrients-14-03963




nutrients-14-03963







Nutrients 2022, 14(19), 3963; doi:10.3390/nu14193963




Article



A Single Vitamin D3 Bolus Supplementation Improves Vitamin D Status and Reduces Proinflammatory Cytokines in Healthy Females



Hadeil M. Alsufiani 1,2,3,*[image: Orcid], Shareefa A. AlGhamdi 1,2,3[image: Orcid], Huda F. AlShaibi 1,4[image: Orcid], Sawsan O. Khoja 1,2,3, Safa F. Saif 1 and Carsten Carlberg 5,6,*[image: Orcid]





1



Department of Biochemistry, Faculty of Sciences, King Abdulaziz University, Jeddah 21589, Saudi Arabia






2



Vitamin D Pharmacogenomics Research Group, King Abdulaziz University, Jeddah 21589, Saudi Arabia






3



Experimental Biochemistry Unit, King Fahd Medical Research Center, King Abdulaziz University, Jeddah 21589, Saudi Arabia






4



Embryonic Stem Cell Unit, King Fahd Medical Research Center, King Abdulaziz University, Jeddah 21589, Saudi Arabia






5



Institute of Animal Reproduction and Food Research, Polish Academy of Sciences, PL 10-748 Olsztyn, Poland






6



Institute of Biomedicine, School of Medicine, University of Eastern Finland, FI 70211 Kuopio, Finland









*



Correspondence: halsufiani@kau.edu.sa (H.M.A.); c.carlberg@pan.olsztyn.pl (C.C.)







Academic Editor: Andrea Fabbri



Received: 9 September 2022 / Accepted: 23 September 2022 / Published: 24 September 2022



Abstract

:

Vitamin D deficiency is a global health problem that not only leads to metabolic bone disease but also to many other illnesses, most of which are associated with chronic inflammation. Thus, our aim was to investigate the safety and effectiveness of a single high dose of vitamin D3 (80,000 IU) on vitamin D status and proinflammatory cytokines such as interleukin (IL)6, IL8 and tumor necrosis factor (TNF) in healthy Saudi females. Fifty healthy females were recruited and orally supplemented with a single vitamin D3 bolus (80,000 IU). All participants donated fasting blood samples at baseline, one day and thirty days after supplementation. Serum 25-hydroxyvitamin D3 (25(OH)D3), IL6, IL8, TNF, calcium, phosphate, parathyroid hormone (PTH) and blood lipid levels were determined. Serum 25(OH)D3 significantly increased one and thirty days after supplementation when compared with baseline without causing elevation in calcium or phosphate or a decrease in PTH to abnormal levels. In contrast, the concentrations of the three representative proinflammatory cytokines decreased gradually until the end of the study period. In conclusion, a single high dose (80,000 IU) is effective in improving serum vitamin D status and reducing the concentration of the proinflammatory cytokines in a rapid and safe way in healthy females.
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1. Introduction


Vitamin D3 is a micronutrient that can be synthesized in human skin from the cholesterol precursor 7-dehydrocholesterol through energy provided by the ultraviolet-B (UVB) component of sunlight [1]. Recent lifestyle and work–life changes towards indoor activities as well as the use of clothing and sunscreen for sunburn protection outdoors have reduced the chances of filling up vitamin D3 stores. This results in far lower average vitamin D status in today’s modern societies than in more traditionally living populations [2,3,4,5]. Even in sunny Saudi Arabia, a substantial proportion of the population is considered vitamin D-deficient [6]. This increases the risk not only of muscle weakness (sarcopenia) and early onset of osteoporosis but also leads to an increase in autoimmune diseases, such as type 1 diabetes, arthritis, multiple sclerosis, cancer, cardiovascular diseases and Alzheimer’s disease [7,8]. Therefore, vitamin D deficiency is a global health problem that not only leads to musculoskeletal problems but also to many other illnesses, most of which are associated with chronic inflammation [9,10].



In the liver, vitamin D3 is hydroxylated to 25(OH)D3, which is the most stable vitamin D3 metabolite circulating in the blood. Therefore, 25(OH)D3 serum levels serve as a biomarker for the vitamin D status. In the kidneys, 25(OH)D3 is further metabolized to the physiologically most active vitamin D metabolite, 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) [11]. The lipophilic nature of 1,25(OH)2D3 allows the molecule to pass through cellular and nuclear membranes and to act in the nucleus as a high-affinity ligand to the transcription factor vitamin D receptor (VDR), i.e., 1,25(OH)2D3 has a direct effect on gene regulation [12,13]. Besides the kidneys, 1,25(OH)2D3 is also synthesized locally in a number of tissues and cell types expressing VDR. Taking all presently investigated tissues and cell types together, there are more than 20,000 VDR binding sites in the human genome, and significant changes in the transcriptome profile occur in over 1000 human genes [14].



Examples of vitamin D target tissues include immune cells such as T cells, B cells and monocytes, which are the major components of peripheral blood mononuclear cells (PBMCs) [15,16,17]. One hallmark of vitamin D’s effects is the regulation of genes involved in the regulation of inflammatory processes. Accordingly, there is an interplay between vitamin D signaling and other signaling cascades involved in inflammation [18,19].



The impact of 1,25(OH)2D3 treatment on the expression of the proinflammatory cytokines IL6, IL8 and TNF was extensively studied in PBMCs from healthy donors, primary monocytes/macrophages as well as in monocytic cell lines, indicating that the VDR ligand causes their down-regulation on an mRNA and protein level [20,21,22,23,24,25,26,27]. Importantly, not only does the treatment of cell culture models with 1,25(OH)2D3 promote changes in gene expression, but also the supplementation of individuals with vitamin D3 leads to the same results. Most of these studies were conducted on patients with diverse inflammatory diseases, such as COVID-19, colorectal cancer, irritable bowel syndrome, obesity and diabetes [28,29,30,31,32,33,34], and only a few studies were performed with healthy individuals [35,36,37].



Vitamin D intervention studies usually use different doses of vitamin D3 supplementation either daily or weekly for several weeks or months, and only a few of them used a single high dose. The pharmacology of vitamin D shows that the proper half-life for dose periods is longer than daily supplementation, and many dosing regimens suggest that high vitamin D3 doses at less frequent periods are more suitable and have become a broad practice [38]. Moreover, from an experimental point of view, the use of a single high vitamin D3 dose is more suitable for observing the direct effects of vitamin D on the expression of its target genes, such as multiple cytokines, both on the mRNA and protein level. Accordingly, the aim of this study was to investigate the safety and effectiveness of a single high dose of vitamin D3 (80,000 IU) on the vitamin D status and the serum levels of representative proinflammatory cytokines IL6, IL8 and TNF in healthy Saudi females.




2. Materials and Methods


2.1. Study Design and Participants


Fifty healthy Saudi females aged between 18 and 60 were recruited from King Abdul Aziz University and King Fahad Medical Research Center’s staff and their families from January to December 2019. The total sample size was calculated based on a power analysis (using G*Power software, version 3.1.9.7, Düsseldorf, Germany) that indicated a 95% chance of a 0.5 effect size between the tested groups at the 5% level (two-tailed). Exclusion criteria included the presence of cancer, liver or kidney diseases, the intake of vitamin D supplements during the last three months, and non-Saudis. All participants received a single high dose of vitamin D3 (80,000 IU) orally administered (Figure 1). This dose was chosen since previous experience in the vitamin D intervention studies VitDbol (https://clinicaltrials.gov/ct2/show/NCT02063334) (accessed on 19 September 2022) and VitDHiD (https://clinicaltrials.gov/ct2/show/NCT03537027) (accessed on 19 September 2022) indicated that 80,000 IU vitamin D3 is a safe monthly dose in healthy individuals. This study was approved by the ethical committee of the Faculty of Medicine, King Abdulaziz University (reference number 30-18), and all participants provided written informed consent.




2.2. Anthropometric Measurements


Height and weight were measured by using an electronic scale and a portable stadiometer from Seca (Hamburg, Germany), respectively, and the body mass index (BMI) was calculated for all participants. In addition, waist and hip circumference were measured using Seca tape, and the waist-to-hip ratio (WHR) was then calculated.




2.3. Biochemical Measurements


All participants donated fasting blood samples at three different time points; at baseline (day 0), after one day (day 1) and after thirty days (day 30) of oral administration of a single high dose of vitamin D3 (80,000 IU). Serum was isolated and stored at −80 °C for later measurements of biochemical parameters including lipid profile, phosphorus (PHOS), calcium (CAL), parathyroid hormone (PTH), 25(OH)D3 and proinflammatory cytokines.



Quantitative determination of serum cholesterol (CHOL), low-density lipoproteins (LDL) and triglycerides (TAG) was performed using a Siemens Dimension Vista instrument. Serum CAL and PHOS were measured using a kit from Siemens Healthcare Diagnostic Limited, Dimension Vista System UK (Cat. No K1023 and Cat. No K1061, respectively). Serum PTH was measured using a chemiluminescent microparticle immunoassay (CMIA) technique kit from Abbott (Cat. No 8K25). Serum vitamin D status was determined by measuring 25(OH)D3 via the Abbott Architect 25-OH Vitamin D assay kit. Finally, the proinflammatory cytokines IL6, IL8 and TNF were measured using Human Interleukin 6 ELISA Kit by Bioassay Technology Laboratory (Cat. No E0089Hu), Human Interleukin 8 ELISA Kit by Bioassay Technology Laboratory (Cat. No E0089Hu) and Human Tumor Necrosis Factor Alpha ELISA Kit by Bioassay Technology Laboratory (Cat. No E0082Hu), respectively.




2.4. Statistical Analysis


All statistical analyses were performed using IBM SPSS software version 24 (SPSS Inc., Chicago, IL, USA) and graphs were represented using GraphPad prism 7. Data were presented as mean ± standard error of mean (SEM). Repeated measures one-way analysis of variance (ANOVA) followed by Bonferroni’s multiple comparison test was used to determine the significant differences in mean serum levels of 25(OH)D3, IL6, IL8 and TNF, CHOL, TAG, LDL, PHOS, CAL and PTH between days 0, 1 and 30 of vitamin D3 supplementation. The statistical significance threshold was taken as p < 0.05.





3. Results


Fifty females with a mean age of 29 years participated in this study. At baseline, their mean BMI was 23.6 kg/m2 and their mean WHR was 0.77. All biochemical parameters including CHOL, LDL, TAG, PHOS, CAL, and PTH were in the normal range intervals indicating a good health status of all participants (Table 1). After supplementation with vitamin D3, no changes were found in most biochemical parameters except in CHOL, PHOS and PTH levels. The changes in these parameters were minor and did not reach abnormal levels.



The mean serum 25(OH)D3 concentration at baseline was 41.9 ± 4.1 nM, and 72% of study participants had an insufficient vitamin D status of less than 50 nM (Table 2). The average vitamin D status significantly increased to 66.3 ± 3.5 nM at day 1 and 68.9 ± 2.5 nM at day 30 (Figure 2). This represents an average increase by 24.4 and 26.9 nM and a shift from deficiency and insufficiency to sufficiency for 76% and 94% of the study participants, respectively, at days 1 and 30 after vitamin D3 bolus supplementation (Table 2).



Mean serum IL6 concentrations significantly decreased from 405 ± 30 ng/L at baseline to 350 ± 30 ng/L at day 1 and even 137 ± 20 ng/L at day 30 (Figure 3). This represents an average decrease by 55 and 269 ng/L, respectively. Similar trends were also found for serum IL8 concentrations, where baseline levels gradually decreased from 506 ± 40 ng/L to 455 ± 35 ng/L at day 1 and 192 ± 10 ng/L at day 30 (Figure 3) and for serum TNF levels, which significantly decreased from 165 ± 8 ng/L at baseline to 156 ± 7 ng/L at day 1 and 63 ± 3 ng/L at day 30 (Figure 3). Interestingly, neither Pearson nor Spearman correlation analysis provided any significant correlation between the vitamin D status and the expression level of the proinflammatory cytokines.




4. Discussion


The purpose of this study was to investigate the effectiveness of a single high dose of vitamin D3 (80,000 IU) on the vitamin D status and the representative proinflammatory cytokines IL6, IL8 and TNF in healthy Saudi females. The vitamin D3 bolus increased the vitamin D status within a month by nearly 27 nM and achieved a shift in the study participants from vitamin D deficiency and insufficiency to sufficiency. In fact, the approximately 60% increase in vitamin D status was already visible within one day. This result is comparable to a previous study conducted in female adults supplemented with a single high dose of vitamin D3 (100,000 IU) [39]. For comparison, when a lower dose was used (50,000 IU), the percent increase in serum 25(OH)D3 concentrations was only 30% [40]. Other previous studies conducted on adults supplemented daily with different doses of vitamin D3 ranging from 200 to 600 IU for 2 to 5 months showed a similar or lower percent increase in serum 25(OH)D3 levels [41,42,43,44].



A potential chronic toxicity of vitamin D would result from the administration of doses far above the maximally recommended daily dose of 4000 IU vitamin D3 for months or years that will increase serum 25(OH)D3 concentrations to 250 nM or more. In addition to elevated serum 25(OH)D3 concentrations, vitamin D toxicity can be diagnosed by severe hypercalcemia and by very low or undetectable PTH activity [45]. Accordingly, oral supplementation with a single high dose (80,000 IU) is sufficient to increase the level of serum 25(OH)D3 in a rapid, suitable and safe way, as none of our study participants reached a vitamin D status of more than 125 nM. Moreover, no abnormal changes were found in either serum calcium or PTH levels after supplementation.



An association between high serum 25(OH)D3 concentrations and low concentrations of the proinflammatory cytokines IL6, IL8 and TNF was reported previously [46,47,48]. In the present study, low serum 25(OH)D3 concentrations at baseline were observed in concordance with the high concentration of the proinflammatory cytokines, but these correlations did not reach statistical significance. Importantly, a single vitamin D3 bolus was sufficient to significantly increase the vitamin D status within one month and in parallel resulted in the reduction in protein levels of IL6, IL8 and TNF by 67, 62 and 61%, respectively, at the end of the study. The downregulation of the expression of the proinflammatory cytokines may be explained by the increased activation of VDR by an elevated vitamin D status. The latter may have caused a raise in 1,25(OH)2D3 levels in the nuclei of VDR-expressing PBMCs. Although the genes IL6 and TNF are not known as primary vitamin D target genes, a network of secondary and indirect effects of VDR activation can lead to changes in their expression [49]. However, the IL8 gene is known as a primary vitamin D target [50].



In contrast to our results, Smith et al. (2017) reported that a single high dose of vitamin D3 (250,000 IU) did not change serum IL6 and IL8 levels in healthy adults, which could be due to the small sample size of their study [36]. Moreover, daily supplementation with low doses of vitamin D3 (4000 IU) did not affect serum IL6 concentrations in healthy adults [35]. However, serum TNF concentrations were reported to decrease after supplementation of healthy male and female adults with 4000 IU vitamin D3 for 20 days [37]. Studies conducted on patients with inflammation-related diseases showed that daily supplementation with different doses of vitamin D3 ranging from 1000 to 50,000 IU for several weeks or months decreased not only serum TNF concentrations but also serum IL6 and IL8 levels [28,29,30,31,32,51,52,53,54,55]. Thus, a single high dose (80,000 IU) of vitamin D3 is as effective in reducing proinflammatory cytokines as daily doses.




5. Conclusions


An important finding of this study was that oral supplementation with a single high dose (80,000 IU) is effective in improving the serum’s vitamin D status and decreasing the concentration of the proinflammatory cytokines in a rapid, suitable and safe way in healthy females. This will help in preventing and reducing vitamin D deficiency, as well as related inflammatory diseases, in the general population. Further research needs to be performed in order investigate the effectiveness of this single high dose on pro- and anti-inflammatory markers in various inflammatory diseases.
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Figure 1. Flow chart showing the flow of the participants throughout the study. n = number of individuals. 
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Figure 2. Mean serum 25(OH)D3 concentrations at baseline, day 1 and day 30 following a single high dose of vitamin D3 supplementation (n = 50). Error bars show SEM. **** p < 0.0001. 
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Figure 3. Mean serum levels of the proinflammatory cytokines IL6, IL8 and TNF at baseline, day 1 and day 30 following a single high dose of vitamin D3 supplementation (n = 50). Error bars show SEM. ** p < 0.01, *** p < 0.001, **** p < 0.0001. 
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Table 1. Demographic and clinical characteristics of study participants at baseline, day 1 and day 30 following a single high dose of vitamin D3 supplementation (n = 50).
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	Baseline
	Day 1
	Day 30





	Age (years)
	28.9 ± 0.9
	
	



	Height (cm)
	158.9 ± 0.7
	NA
	NA



	Weight (kg)
	59.9 ± 1.8
	NA
	NA



	BMI (kg/m2)
	23.6 ± 0.7
	NA
	NA



	Waist circumference (cm)
	74.5 ± 2.1
	NA
	NA



	Hip circumference (cm)
	97.7 ± 2.5
	NA
	NA



	WHR
	0.77 ± 0.02
	NA
	NA



	CHOL (mM)
	4.34 ± 0.12
	4.26 ± 0.12
	4.13 ± 0.11 *



	TAG (mM)
	1.05 ± 0.07
	2.39 ± 1.34
	1.07 ± 0.08



	LDL (mM)
	2.78 ± 0.11
	2.34 ± 0.18
	2.53 ± 0.09



	PHOS (mM)
	1.24 ± 0.03
	1.18 ± 0.03 *
	1.24 ± 0.03



	CAL (mM)
	2.29 ± 0.02
	2.24 ± 0.01
	2.22 ± 0.02



	PTH (pM)
	5.25 ± 0.44
	4.44 ± 0.30 *
	4.17 ± 0.28 **







Data are presented as mean ± SEM. * p < 0.05, ** p < 0.01 when compared with baseline. NA: Data are not available.
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Table 2. Prevalence of vitamin D deficiency among study participants at baseline, day 1 and day 30 following a single high dose of vitamin D3 supplementation (n = 50).






Table 2. Prevalence of vitamin D deficiency among study participants at baseline, day 1 and day 30 following a single high dose of vitamin D3 supplementation (n = 50).





	Serum Vitamin D Status *
	Baseline

N (%)
	Day 1

N (%)
	Day 30

N (%)





	Deficiency

25(OH)D3 < 30 nM
	24 (48%)
	0 (0%)
	0 (0%)



	Insufficiency

25(OH)D3 of 30–50 nM
	12 (24%)
	12 (24%)
	3 (6%)



	Sufficiency

25(OH)D3 > 50 nM
	14 (28%)
	38 (76%)
	47 (94%)







* classification was based on US Institute of Medicine (IOM).
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