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This systematic review and meta-analysis aimed to evaluate the association between serum vitamin D concentration and the risk of urinary tract infection (UTI) in children. Human studies reported the serum vitamin D level in children with UTI and healthy controls were collected from PubMed, Scopus, Embase, and Cochrane databases. The strictly standardized mean difference (SSMD) and 95% confidence interval (CI) were calculated to evaluate the relationship between serum vitamin D levels and risk of UTI. The results of analysis showed that serum vitamin D levels in children with UTI were significantly lower than healthy control children (SSMD: 0.891, 95% CI: 0.707–1.075, p < 0.000; SSMD: 0.797, 95% CI: 0.500–1.094, p < 0.000, respectively). It can be concluded that there is a significant negative relationship between serum vitamin D level and risk of UTI in children.
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INTRODUCTION

Urinary Tract Infection (UTI) is one of the most common bacterial infections in childhood. It is categorized based on the level of involvement of urinary system to cystitis and pyelonephritis (1). The incidence of UTI varies from 1.8 to 7.5% in childhood (2). UTI is more common in boys under 3 months than girls. However, girls are more likely to develop UTI after this age (3). Understanding the pathogenesis and risk factors of UTI in children is crucial because of its associated serious complications.

Bacterial virulence, immunodeficiency, nutritional deprivations and anatomic or functional abnormalities make children vulnerable to UTI (4). Escherichia coli (E. coli) are the most important pathogen in children with UTI. Other bacteria including Klebsiella, Proteus, Enterobacter, and Pseudomonas as well as fungal pathogens are also involved in the pathogenesis of UTI (5). E. coli is known as the predominant pathogen for UTI due to their attachment to the endothelial wall of the urinary tract and found in 90% of girls and in 80% of boys at the primary childhood UTI (6). UTI actually occurs when bacteria enter the urinary tract through the urethra, intestine, blood or lymph and begin to proliferate. Antibiotics are the first and most important treatment for UTI, and the severity of the infection and the type of bacteria determine the type of antibiotic used. However, antibiotic therapy may lead to antibiotic resistance, a serious threat to global public health (7).

The use of micronutrients, natural products and vitamins are becoming more popular in different diseases in children (4, 8). The use of vitamin D as a supplement in prevention and treatment of UTI and its complications has been reported (9). Moreover, the association between vitamin D and several infectious diseases has been studied for a long time (10). On the other hand, there is increasing evidence that vitamin D deficiency plays an important role in susceptibility to UTI and administration of vitamin D can prevent it. It was reported that supplementation with vitamin D might prevent UTI (9). In addition to, several studies demonstrated that the low level of 25(OH)D may be a risk factor for UTI (11–15). Beside the growing evidence on the role of vitamin D supplementation in prevention and treatment of UTI in children, no study has systemically evaluated the association between serum vitamin D level and risk of UTI in children. Therefore, the current meta-analysis is planned to determine whether the serum level of vitamin D is associated with the risk of UTI in children.



MATERIALS AND METHODS


Data Sources and Search Strategy

Human studies reported the serum vitamin D levels in children with urinary tract infection and healthy controls were searched databases of PubMed, Scopus, Embase, and Cochrane. The terms of “vitamin D,” “25-Hydroxyvitamin D,” “vitamin deficiency,” “urinary tract infection,” “child,” “children,” “pediatric” in subject, abstract and keywords were searched in these databases. Studies published from the inception of the databases to 31th December 2020 have been included in the review. The search for literature was limited to articles in English. The articles were screened by checking the title and the abstract and those which were related to our study were selected for further assessments. Then, the full text articles were reviewed for eligibility. The articles which were not available online in full text were requested from the corresponding author through email.



Eligibility Criteria

Only human studies reported the serum vitamin D levels in children with urinary tract infection and healthy controls were included. Animal studies, reviews, letters, commentaries, clinical cohorts without appropriate controls and case studies were excluded. In the case of duplicated reports, only the paper which was in more details was enrolled in the study.



Quality Assessment

The methodological quality of the included studies in this meta-analysis was evaluated by a checklist from JBI (Table 1). These criteria include clearly definition of inclusion criteria, study subjects and the setting described in detail, valid and reliable measurement method, use standard and objective criteria, identifying confounding factors, using strategies to counter confusing factors, measuring outcomes in a valid and reliable way and using appropriate statistical analysis. Studies that answered yes to at least four questions were used to extract the data.


Table 1. Characteristics of included studies.
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Data Extraction

Data were extracted independently by two reviewers based on predefined protocol (including: the first author and published year, country, study design, age of participants, sample size in control and in patients, study population and serum level of vitamin D in control and in patients). All the obtained information were read and evaluated by two independent reviewers. The unit of vitamin D was transformed to nmol/L through SI units Conversion Calculator (http://unitslab.com/node/84) in case of report in other units.



Statistical Analysis

The statistical association between serum level of vitamin D and risk of urinary tract infection by analyzing of the mean ± standard deviation (SD) of serum vitamin D level, sample size and age of samples in control and patient groups was evaluated. One of the modification of data that was made in this study convert different units (such as ng/mL) of vitamin D to nmol/L and convert the standard error of the mean (SEM) to standard deviation (SD). Heterogeneity tests including Cochran χ2 and I2 statistics were performed to minimize variations in vitamin D levels among studies. In the absence of statistical heterogeneity between studies the fixed effects model was used, otherwise the random effects model was employed. Fixed and random effects were represented as strictly standardized mean difference (SSMD) with 95% CI. SSMD with 95% CI were employed to evaluate the effects of vitamin D status on the risk of urinary tract infection in different ages of children. Sensitivity analysis was performed by removing each study from the pooled analysis. Subgroup analysis was also performed in our study on the basis of the different age groups. The bias in included studies was evaluated by Egger's test and Begg's test. All statistical analyses were performed using CMA version 2. P-value < 0.05 was considered statistically significant.




RESULTS


Description of Search

After complete search of the predefined databases, 85 titles were retrieved. Omitting duplicate topics, 55 titles were evaluated in terms of topic and abstract. The full texts of 12 articles were examined and 6 articles entered the systematic review. Among 49 excluded studies in the stages of topic, abstract and full text evaluation 24 studies were excluded because of lacking control group, 21 studies excluded for not matching patient population, and 4 studies were case reports and review. Six studies including 339 children with urinary tract infection cases and 306 healthy controls were included in the meta-analysis. The flowchart of the included studies is presented in Figure 1.
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FIGURE 1. PRISMA flow diagram for included studies.




Characteristics of Included Studies

The characteristics and quality assessment of the six included studies are presented in Table 1. This Table contains one case-control studies (11), one cross-sectional prospective study (18), one controlled prospective study (12), one prospective case-control study (15), one cross-sectional study (16) and one prospective cohort study (17). Two studies were conducted in Turkey (12, 18), two in Iran (11, 17), one in Egypt (15), and one in Sweden (16). The assessment of the methodological quality of the included studies is presented in Table 2.


Table 2. JBI critical appraisal checklist applied for included studies.
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Serum Vitamin D Levels in Children With and Without UTI

Four of the six included studies showed that serum levels of vitamin D were significantly lower in children with urinary tract infection than that in controls (14–16, 18). One study by Noorbakhsh et al. (17) showed no significant differences between the patient and control groups. Interestingly, one study found that children with urinary tract infections had higher serum levels of vitamin D than healthy children (20.4 ± 8.6 ng/mL vs. 16.9 ± 7.4 ng/mL) (11). Interestingly, data from Figure 2 show that the values obtained for vitamin D in the two Mahyar et al. (11) and Noorbakhsh et al. (17) studies have a protective role against UTI. However, other data show that the values of vitamin D in other studies act as a risk factor for UTI (12, 14, 15, 18), in other words, low levels of vitamin D are known as a risk factor for UTI. Sum up, analysis of the all groups showed that serum levels of vitamin D can be a risk factor for UTI (SMD: 0.797; 95% CI 0.500–1.094, p < 0.001; Q-value = 269.2, df = 5, I2 = 98.1, p < 0.001).


[image: Figure 2]
FIGURE 2. Forest plots showing the association between vitamin D level with the risk of urinary tract infection in children.




Subgroup Analysis

The result of subgroup analysis based on study design show that for case-control (SMD: 1.751; 95% CI; −2.556 to 6.057, p = 0.426; Q-value= 130.8, df = 1, I2 = 99.2, p < 0.001), and prospective cohort studies (SMD: 2.003; 95% CI; −1.910 to 5.916, p = 0.316; Q-value = 107.9, df = 1, I2 = 99.0, p < 0.001), no statistical difference found between two groups. In cross-sectional studies significantly serum levels of vitamin D can be a risk factor for UTI (SMD: 0.785; 95% CI 0.487–1.084, p < 0.001; Q-value = 0, df = 2, I2 = 0.0, p = 0.947) (Figure 2).



Publication Bias

Finally, we created funnel plots to explore the possibility of publication bias, yet the results of Egger's test were evident of this bias (p = 0.041) (Figure 3).
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FIGURE 3. Funnel plots showing the association between vitamin D levels with the risk of urinary tract infection in children.





DISCUSSION

In this meta-analysis we hypothesized that low level of vitamin D acts as a risk factor for UTI in children. Therefore, we included and analyzed six human studies that examined the association between serum vitamin D level and UTI in children. The results of the meta-analysis of these studies showed that there is a negative relationship between vitamin D deficiency and the risk of UTI in children.

A systematic review and meta-analysis by Deng et al. has accumulated the evidence on the association between serum vitamin D level and the risk of UTI (19). They have included 9 studies included 1,921 participants, of which 580 were diagnosed with UTI. Among these studies only four studies had focused on UTI in pediatric population. Two more studies on this population are included in our meta-analysis. Like our results they showed significant association between low levels of serum vitamin D and the risk of UTI in both adult and children. Similar to the current meta-analysis they reported moderate heterogeneity in the included studies. However, our results including six studies the Egger's test was in favor of publication bias in the included studies which was not reported in the Deng et al. study when the results of all adult and children population were included in the test.

Shalaby et al. (15) defined serum 25(OH)D3 level of ≤25 nmol/L as vitamin D deficiency. Data from the study by they showed that serum vitamin D levels in children with UTI (0.98 ± 1.15 years) were 10.5 ± 2.7 nmol/L and in healthy children (0.90 ± 1.23 years) were 27.9 ± 5.6 nmol/L (15). They have concluded that there is a risk of vitamin D deficiency in the pediatric population in the age range studied by these researchers. Moreover, Karatekin et al. (20) reported that serum 25(OH)D levels in children under 2 years are highly correlated with maternal serum levels of 25(OH)D. In addition, we know that maintaining a sufficient serum 25(OH)D level is achieved by consuming a vitamin D rich diet and exposure to sunlight, especially UVB rays for 15–30 min a day. So, consideration of nutrition of the mother and vitamin D levels for both mother and infant are important confounding factor in these studies. These results indicated that newborns and mothers can be susceptible to vitamin D deficiency and infectious diseases (21). They have suggested vitamin D supplementation during pregnancy, lactation and early childhood as a preventive measure for childhood infections including UTI.

Although we did not examine the association between age and sex with plasma levels of vitamin D and the risk of UTI in this study, most studies suggest that plasma vitamin D levels vary with age and sex and it could be one of the limitations of this study. Shalaby et al. (15), Tekin et al. (14), and Georgieva et al. (16) showed that serum 25(OH)D3 levels in girls were significantly lower than boys. This difference in this period of life can be due to malnutrition, inadequate exposure to sunlight and the presence of differencein sex chromosomes (22). Moreover, Georgieva et al. (16) showed that the levels of 25(OH)D3 negatively correlated with age, however, Shalaby et al. (15) reported that there was no correlation between serum 25(OH)D3 levels and age in case and control groups. However, Mahyar et al. (11) and Övünç Hacihamdioglu et al. (18) indicated that there was no significant difference between children with UTI and control in terms of sex, age, weight, height, head circumference and duration of breastfeeding.

Overall, the main finding of this meta-analysis is that there is a negative correlation between low level of serum vitamin D and risk of UTI. Now a question arises that what is the role of vitamin D in the pathogenesis of urinary tract infection?

Vitamin D is a steroid hormone which is mainly produced in the skin after exposure to ultraviolet radiation. The active form of vitamin D is 1, 25(OH) 2 D, that its biological activity appears to be dependent on the plasma concentration of 25(OH)D. According to the European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) vitamin D deficiency is defined as having a serum/plasma level of <25 nmol/L (10 ng/mL), insufficient between 25 and 50 nmol/L (10–20 ng/mL), adequate between 50 and 75 nmol/L (20–30 ng/mL) and optimal for a level above 75 nmol/L (30 ng/mL) (23).

In addition to the popular role of vitamin D in bone and calcium homeostasis. It can also regulate the innate and adaptive immune function through various mechanisms (21, 24, 25). In fact, the missing link between vitamin D deficiency and the risk of UTI in children appears to be the role of vitamin D in innate and adaptive defense. In children and infants with poorly developed immune systems, vitamin D deficiency can limit the body's ability to deal with various infectious agents.

Vitamin D directly or indirectly regulates the function of innate and adaptive immunity through various mechanisms. It can regulate the inflammatory response to the pathogenic agents (21, 24). Adequate level of vitamin D reduces local and systemic inflammatory responses by modulation of cytokine responses and reduction of toll-like receptor activation in immune cells (26). Vitamin D deficiency not only reduces immune cells functions through the induced hypocalcemia, but also reduces the production of cathelicidin and b-defensin-2 (27). Immune cells such as T-cell, dendritic cells, macrophages and monocytes have vitamin D receptors which regulate their antimicrobial function (28, 29).

Vitamin D receptor is a nuclear receptor that mediates the function of 1,25-dihydroxyvitamin D, the active form of vitamin D. Vitamin D receptor signaling also regulates structural integrity and transport functions of different epithelial barriers (30). It is shown by Aslan et al. (29) that vitamin D receptor gene polymorphism is involved in the pathogenesis of UTI. Endogenous antimicrobial peptides (AMPs) are highly expressed in barrier sites especially urinary tract epithelium, and thus provide a first-line defense mechanism for the innate immune system to respond to infectious agents. They are multi-functional peptides at epithelial surfaces including the skin, gastrointestinal, respiratory and urinary tracts. AMPs show antibacterial activity by destroying the bacterial membrane and inhibit biofilm formation and modulate various immune processes (31). On the other hand, it was reported that AMPs activity in the epithelial surfaces is associated with UTI severity (32).

It should be noted that vitamin D deficiency plays a significant role not only in preventing the infection of urinary tract but also in many other diseases such as pneumonia, chronic fatigue syndrome, myocardial infarction, rheumatoid arthritis, psychosis, osteomalacia in adults and rickets in children (21, 33–37).

There are important limitations affecting the interpretation of our results. Factors such as non-uniform diagnostic criteria in studies, non-uniform pathogenesis in this disease, differences in climate and exposure to sunlight, lack of nutritional status of children with UTI, history of recurrence, and lack of a comprehensive definition of vitamin D deficiency and polymorphisms of vitamin D receptors are the some confounding factors that have been addressed in very few studies. Environmental and dietetic factors also significantly affect the serum vitamin D level and should be controlled in the well-designed studies.

The limited number of studies on the association of the serum vitamin D and risk of UTI enfaced the meta-analysis to great potentials of bias and heterogeneity. We have performed two statistical strategies to manage the mentioned potentials of bias and heterogeneity. Funnel plots was created and Egger's test was performed to explore the possibility of publication bias, yet the results were evident of this bias. Subgroup analysis based on study design was also performed. This analysis showed that only in cross-sectional studies there was a significant difference between vitamin D level in UTI and failed to find any significant association in case-control and prospective cohort studies. Beside the mentioned confounders in the enrolled studies, previous evidence showed that calculating outcome estimates based on the fully adjusted models will not significantly alter the final result of the meta-analysis (19), and also the limited number of available studies we did not applied confounders in the final analysis.

The result of a systematic review and meta-analysis suggest that low serum levels of vitamin D are associated with the risk of UTI in children. However, due to the mentioned heterogeneity and the effect of confounding factors, cautious interpretation of the result should be made and more studies are needed to make conclusive statement on the observed effect.



AUTHOR CONTRIBUTIONS

YL designed and supervised the review and wrote the first draft of manuscript. XL, QY, and FQ reviewed the literature and extracted the data. BZ analyzed the data. All authors critically revised and approved the final version of the manuscript.



ACKNOWLEDGMENTS

The authors wish to thank Dr. Chuhuni Lu at the Research Consultation Center for invaluable assistance in editing this manuscript.



REFERENCES

 1. Hooton TM. Uncomplicated urinary tract infection. N Engl J Med. (2012) 366:1028–37. doi: 10.1056/NEJMcp1104429

 2. Zorc JJ, Levine DA, Platt SL, Dayan PS, Macias CG, Krief W, et al. Clinical and demographic factors associated with urinary tract infection in young febrile infants. Pediatrics. (2005) 116:644–8. doi: 10.1542/peds.2004-1825

 3. Schmidt B, Copp HL. Work-up of pediatric urinary tract infection. Urol Clin North Am. (2015) 42:519–26. doi: 10.1016/j.ucl.2015.05.011

 4. Sharifi H, Minaie MB, Qasemzadeh MJ, Ataei N, Gharehbeglou M, Heydari M. Topical use of Matricaria recutita L (Chamomile) oil in the treatment of monosymptomatic enuresis in children: a double-blind randomized controlled trial. J Evid Based Complementary Altern Med. (2017) 22:12–7. doi: 10.1177/2156587215608989

 5. Hoberman A, Wald ER, Hickey RW, Baskin M, Charron M, Majd M, et al. Oral versus initial intravenous therapy for urinary tract infections in young febrile children. Pediatrics. (1999) 104:79–86. doi: 10.1542/peds.104.1.79

 6. Katouli M. Population structure of gut Escherichia coli and its role in development of extra-intestinal infections. Iran J Microbiol. (2010) 2:59–72.

 7. Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. P T. (2015) 40:277–83.

 8. Mosavat SH, Heydari M, Hashempur MH, Dehghani SM. Use of complementary and alternative medicine among paediatric patients with hepatogastrointestinal diseases Utilisation des médicaments complémentaires et alternatifs chez les patients pédiatriques atteints de maladies hépato-gastro-intestinales. East Mediterr Health J. (2018) 24:1018–25. doi: 10.26719/2018.24.10.1018

 9. Jorde R, Sollid ST, Svartberg J, Joakimsen RM, Grimnes G, Hutchinson MY. Prevention of urinary tract infections with vitamin D supplementation 20,000 IU per week for five years. Results from an RCT including 511 subjects. Infect Dis. (2016) 48:823–8. doi: 10.1080/23744235.2016.1201853

 10. Mahyar A, Ayazi P, Rad MS, Dalirani R, Javadi A, Esmaeily S. The correlation between vitamin D and bacterial diarrhea in children. Arch Pediatr Infect Dis. (2019) 7:e84382. doi: 10.5812/pedinfect.84382

 11. Mahyar A, Ayazi P, Safari S, Dalirani R, Javadi A, Esmaeily S. Association between vitamin D and urinary tract infection in children. Korean J Pediatr. (2018) 61:90. doi: 10.3345/kjp.2018.61.3.90

 12. Tekin M, Konca C, Celik V, Almis H, Kahramaner Z, Erdemir A, et al. The association between vitamin D levels and urinary tract infection in children. Hormone Res Paediatr. (2015) 83:198–203. doi: 10.1159/000370046

 13. Javadi Nia S, Faramarzi M, Noorbakhsh S, Izadi A, Soheyli pour F, Tabatabaei A, et al. Comparison of serum vitamin A, D & zinc levels between children with urinary tract infection and control group in two University Hospitals. Iran J Pediatr. (2013) 23:S40. English.

 14. Tekin M, Konca C, Celik V, Almis H, Kahramaner Z, Erdemir A, et al. Is vitamin D deficiency a risk factor for urinary tract infection in children? Arch Dis Childhood. (2014) 99:A201. English. doi: 10.1136/archdischild-2014-307384.543

 15. Shalaby SA, Handoka NM, Amin RE. Vitamin D deficiency is associated with urinary tract infection in children. Arch Med Sci. (2016) 14:115. doi: 10.5114/aoms.2016.63262

 16. Georgieva V, Kamolvit W, Herthelius M, Lüthje P, Brauner A, Chromek M. Association between vitamin D, antimicrobial peptides and urinary tract infection in infants and young children. Acta Paediatr. (2018) 108:551–6. doi: 10.1111/apa.14499

 17. Noorbakhsh S, Nia SJ, Movahedi Z, Ashouri S. Does the trace element deficiency (vit A, D & zinc) have any role in vulnerability to urinary tract infection in children: a case-control study: Tehran, Iran. Open Urol Nephrol J. (2019) 12:23–6. doi: 10.2174/1874303X01912010023

 18. Övünç Hacihamdioglu D, Altun D, Hacihamdioglu B, Çekmez F, Aydemir G, Kul M, et al. The association between serum 25-hydroxy vitamin D level and urine cathelicidin in children with a urinary tract infection. J Clin Res Pediatr Endocrinol. (2016) 8:325–9. doi: 10.4274/jcrpe.2563

 19. Deng Q-F, Chu H, Wen Z, Cao Y-S. Vitamin D and urinary tract infection: a systematic review and meta-analysis. Ann Clin Lab Sci. (2019) 49:134–42.

 20. Karatekin G, Kaya A, Salihoglu O, Balci H, Nuhoglu A. Association of subclinical vitamin D deficiency in newborns with acute lower respiratory infection and their mothers. Eur J Clin Nutr. (2009) 63:473–7. doi: 10.1038/sj.ejcn.1602960

 21. Kearns MD, Alvarez JA, Seidel N, Tangpricha V. Impact of vitamin D on infectious disease. Am J Med Sci. (2015) 349:245–62. doi: 10.1097/MAJ.0000000000000360

 22. Jaillon S, Berthenet K, Garlanda C. Sexual dimorphism in innate immunity. Clin Rev Allergy Immunol. (2019) 56:308–321. doi: 10.1007/s12016-017-8648-x

 23. Braegger C, Campoy C, Colomb V, Decsi T, Domellof M, Fewtrell M, et al. Vitamin D in the healthy European paediatric population. J Pediatr Gastroenterol Nutr. (2013) 56:692–701. doi: 10.1097/MPG.0b013e31828f3c05

 24. Lagishetty V, Liu NQ, Hewison M. Vitamin D metabolism and innate immunity. Mol Cell Endocrinol. (2011) 347:97–105. doi: 10.1016/j.mce.2011.04.015

 25. Mamani M, Muceli N, Ghasemi Basir HR, Vasheghani M, Poorolajal J. Association between serum concentration of 25-hydroxyvitamin D and community-acquired pneumonia: a case-control study. Int J Gen Med. (2017) 10:423–9. doi: 10.2147/IJGM.S149049

 26. Calton EK, Keane KN, Newsholme P, Soares MJ. The impact of vitamin D levels on inflammatory status: a systematic review of immune cell studies. PLoS ONE. (2015) 10:e0141770–e. doi: 10.1371/journal.pone.0141770

 27. Youssef DA, Miller CW, El-Abbassi AM, Cutchins DC, Cutchins C, Grant WB, et al. Antimicrobial implications of vitamin D. Dermatoendocrinol. (2011) 3:220–9. doi: 10.4161/derm.3.4.15027

 28. Mahyar A, Ayazi P, Sarkhosh Afshar A, Naserpour Farivar T, Sahmani M, Oveisi S, et al. Vitamin D receptor gene (FokI, TaqI, BsmI, and ApaI) polymorphisms in children with urinary tract infection. Pediatr Res. (2018) 84:527–32. English. doi: 10.1038/s41390-018-0092-y

 29. Aslan S, Akil I, Aslan G, Onay H, Ozyurt BC, Ozkinay F. Vitamin D receptor gene polymorphism in children with urinary tract infection. Pediatr Nephrol. (2012) 27:417–21. English. doi: 10.1007/s00467-011-2000-0

 30. Zhang Y-G, Wu S, Sun J. Vitamin D, vitamin D receptor, and tissue barriers. Tissue Barriers. (2013) 1:e23118. doi: 10.4161/tisb.23118

 31. Diamond G, Beckloff N, Weinberg A, Kisich KO. The roles of antimicrobial peptides in innate host defense. Curr Pharm Des. (2009) 15:2377–92. doi: 10.2174/138161209788682325

 32. Terlizzi ME, Gribaudo G, Maffei ME. UroPathogenic Escherichia coli (UPEC) infections: virulence factors, bladder responses, antibiotic, and non-antibiotic antimicrobial strategies. Front Microbiol. (2017) 8:1566. doi: 10.3389/fmicb.2017.01566

 33. Esposito S, Lelii M. Vitamin D and respiratory tract infections in childhood. BMC Infect Dis. (2015) 15:487. doi: 10.1186/s12879-015-1196-1

 34. Belvederi Murri M, Respino M, Masotti M, Innamorati M, Mondelli V, Pariante C, et al. Vitamin D and psychosis: mini meta-analysis. Schizophr Res. (2013) 150:235–9. doi: 10.1016/j.schres.2013.07.017

 35. Huang J, Wang Z, Hu Z, Jiang W, Li B. Association between blood vitamin D and myocardial infarction: a meta-analysis including observational studies. Clin Chim Acta. (2017) 471:270–5. doi: 10.1016/j.cca.2017.06.018

 36. Lin J, Liu J, Davies ML, Chen W. Serum vitamin D level and rheumatoid arthritis disease activity: review and meta-analysis. PLoS ONE. (2016) 11:e0146351. doi: 10.1371/journal.pone.0146351

 37. Joustra ML, Minovic I, Janssens KAM, Bakker SJL, Rosmalen JGM. Vitamin and mineral status in chronic fatigue syndrome and fibromyalgia syndrome: a systematic review and meta-analysis. PLoS ONE. (2017) 12:e0176631. doi: 10.1371/journal.pone.0176631

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Li, Yu, Qin, Zhang and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-637529-t002.jpg
References Q1

Georgieva  Yes
etal. (16)
Noorbakhsh Yes
etal. (17)
Mahyar Yes
etal. (11)
Shalaby ~ Yes
etal. (15)

Oviing Yes
Hacihamdio
gluetal.

(18)

Tekin Yes
etal. (12)

Q1. Were the criteria for inclusion in the sample clearly defined?

Q2

Yes

Yes

Yes

Yes

Q3

Yes

Yes

Yes

Yes

Yes

Yes

Q4

Yes

Yes

Yes

Yes

Yes

Yes

Qs

No

No

No

No

No

Q6

No

No

No

No

Yes

Q7

Yes

Yes

Yes

Yes

Yes

Yes

Q8

Yes

Yes

Yes

Yes

Yes

Yes

Q2. Were the study subjects and the setting described in detail??

Q8. Was exposure measured in a valid and reliable way?

Overall
quality

48

5/8

48

48

5/8

6/8

Q4. Were objective, standard criteria used for measurement of the condition?

Q5. Were confounding factors identified?

Q6. Were strategies to deal with confounding factors stated?

Q7. Were the outcomes measured in a valid and reliable way?

Q8. Was appropriate statistical analysis used?





OPS/images/fpubh-09-637529-g003.gif
o

o1

Funnel Plot of Standard Ervor by Std diff in means

PO





OPS/images/fpubh-09-637529-t001.jpg
Study

Georgieva et al.
(16)
Noorbakhsh
etal. (17)

Mahyar et al. (11)

Shalaby et al.
(15)

Oviing
Hacihamdioglu
etal. (18)
Tekin et al. (12)

Country

Sweden

Iran

Egypt

Turkey

Turkey

Year

2019

2019

2018

2018

2016

2014

Study design

Cross-sectional
study
Prospective cohort
study

Case-control study

Prospective
case-control study

Cross-sectional
prospective study

Controlled
prospective study

Mean  SD age all

Under 3 years
2.7y

Patients: 53.2 +
35.6months.
Control: 36.1  60.2
months

2 months—6 years

Patients:6.8 + 3.6y
Control:6.3 £ 2.8y

Patients: 2.57 +2.56y
Control: 2.10 £ 1.37 y

N disease

76

25

70

50

36

82

N control

44

40

70

50

38

64

Mean + SD
vitamin D in
disease (nmol/)

80.8 + 21.2
114.25 + 52.625

51215

106 £ 2.7

105+ 27

29.25 + 8.25

Mean + SD
vitamin D in
control (nmol/l)

101.1 £33

114.76 + 62

4225 + 185

279+ 56

59.26 £ 27.5

69 & 11.75





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Serum Vitamin D Level and the Risk of Urinary Tract Infection in Children: A Systematic Review and Meta-Analysis



		Introduction



		Materials and Methods



		Data Sources and Search Strategy



		Eligibility Criteria



		Quality Assessment



		Data Extraction



		Statistical Analysis







		Results



		Description of Search



		Characteristics of Included Studies



		Serum Vitamin D Levels in Children With and Without UTI



		Subgroup Analysis



		Publication Bias







		Discussion



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Serum Vitamin D Level and the Risk
of Urinary Tract Infection in Children:
A Systematic Review and
Meta-Analysis





OPS/images/fpubh-09-637529-g001.gif
Records dentied though Addional recordsidentied
database searching (- 74) through othersources (n =11)

I

M) Records after duplicatesremoved

Wentification

(0=55)
£
Recordssceened Records exciuded
5) — )

Fulextarices excluded

Fullext anices assessed
forclgibiity (v=12) «

by

Studies includedindata
synthess (n=6)






OPS/images/fpubh-09-637529-g002.gif
h i @

[
T

SRR

ey

[P—

k=










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





