Introduction：

In recent years, with the improvement of the medical and health services in the world, the survival rate of infant babies has been greatly improved. The incidence of neonatal specially not full-term babies, however,  the World Health Organization (WHO) reported that since 2011, around the world, there are still more than 75% newborn babies death from three aspects: the neonatal death cause of premature birth was not born at term (29%), asphyxia (23%) and severe infections (25%), including pneumonia and sepsis. It seems that although the survival rate of babies born before term has been greatly improved with effective interventions, the survival rate has also been improved. Yet, it is still a serious problem for newborn babies that accompanied by a series of neonatal diseases, such as sepsis, neonatal pneumonia, neonatal respiratory infection, etc. It may even affect the later development of infants, even cause death if the relevant key causes or treatment methods are not found out [1]. According to recent studies, neonatal illness or death caused by neonatal respiratory diseases is a serious and continuing public health problem [2].

Vitamin A is a group of substances containing retinol structure which also have biological activity, including the formation of vitamin A and provitamin A and its metabolites. There are three active forms of vitamin A in the body: retinol, retinaldehyde and retinoic acid. And the plant does not contain the vitamin A that has been formed, but is present in the form of the original vitamin A. In colored (yellow, orange, and red) plants contain carotenoids Vitamin A and its active derivatives, retinoids (among which retinoic acid is the most active form), have been shown to have antioxidant properties in animal studies. In the human diet, two forms of vitamin A are available: preformed vitamin A (in food from animal sources including dairy products, fish and meat) and provitamin carotenoids (plant pigments): β-carotene, α-carotene and β-cryptoxanthin. Canthaxanthin, lutein, lycopene and zeaxanthin are carotenoids, but are not converted to vitamin A [3]. From this point of view, vitamin A has a great physiological effect on human vision, and at the same time, vitamin A also plays A very important role in the formation of epithelial cells, the regulation of immune function, and in the antioxidant effect, tumor growth inhibition.

Entering the end 20th century, many clinical analysis study found that was not born at term often leads to low serum vitamin A content, and not full-term babies are often associated with the occurrence of respiratory diseases, including neonatal asphyxia, neonatal pneumonia, neonatal bronchitis, neonatal respiratory tract infection [4]. In recent years, studies have shown that retinoic acid and retinol can also promote the development of the lungs, further confirming that vitamin A may affect the respiratory system related diseases of infants.

Considering the impact of the infants’ respiratory system related diseases risk potentially resulting from vitamin A, a number of studies have explored the association between vitamin A and infants’ respiratory system related diseases. However, individual studies have yielded inconsistent or conflicting findings, possibly caused by limitation associated with an individual study. To shed light on these contradictory results and to more precisely evaluate the relationship among vitamin A and infants’ respiratory system related diseases, we performed a meta-analysis of published studies.

Method
1.1 Sources of Data and Strategies of Retrieval

We did our best to include all that kind of studies published from January 1, 1990 until April 30, 2020, regarding the association between vitamin A and infants’ respiratory system related diseases. The primary sources were the electronic databases of PubMed、 Web of Science、the Chinese National Knowledge Infrastructure (CNKI)、China Biology Medicine （CBM）. 

For the prevalence sub review, a search strategy based on the following keywords and medical subject headings (MeSH) was used: “premature infant”, “vitamin A”, “vitamin A insufficiency”, “vitamin A deficiency”, “retinol”, “premature infant”, “infant”, “respiratory disorder”, “respiratory distress syndrome”, “respiratory system disease”, “lung disease”. Search words were combined by using Boolean operators (AND, OR).

1.2 Criteria of Inclusion and exclusion

Trials were included if any of the following factors were identified: (1) original data documents; (2) there were at least one control group, which were comparable in other factors; (3) there was at least one respiratory symptoms, skin system symptoms and other adverse health outcomes observed; (4) the results were all expressed as enumeration data, and there was a clear total number of people and the number of adverse outcomes in the contact group and the control group. Trials were excluded if any of the following factors were identified: (1) those who do not meet the above inclusion criteria; (2) repeated literature; (3) review and critical articles; (4) non-conforming research methods; (5) unreasonable research design and wrong statistical method; (6) literature without control group; (7) animal experimental research.

1.3 Data Collection and Quality Assessment

This study used Microsoft Office Excel 2019 to collect data, respectively, included all kinds of articles for infants (including normal term infant, premature infants) related diseases (neonatal pneumonia, neonatal asphyxia, neonatal respiratory infections, etc.) prevalence and neonatal serum vitamin A or with related data in vitamin A intervened. 

The methodological quality of RCTs was assessed by the Cochrane risk of bias tool. The methodological quality of retrospective studies was assessed by the modified Newcastle-Ottawa Scale (NOS), which consists of three factors: patient selection, comparability of the study groups, and assessment of outcome. A score of 0-9(allocated as stars) was allocated to each study except RCTs. RCTs and observational studies achieving six or more stars were considered to be of high quality. Jadad scale was used to evaluate the randomized controlled trial (RCT). The risk of bias in three areas was minimal for enrolled cohort studies and case-control studies using NOS. 
1.4 Method of Statistical

Meta-analysis was performed using STATA 15.0 software. Firstly, the heterogeneity of the included literatures was tested and quantified by I2 value. If there was no significant heterogeneity (I2≤50%), the fixed effect model was used for the combined analysis. If there is a large heterogeneity (I2≥50%), the random utility model is used for the combined analysis. According to the funnel plot, the publication bias was evaluated. The asymmetry of funnel plot and the missing Angle of graph suggested the existence of publication bias. The inspection level was 0.05.

Result
2.1 Basic information of the included literature

A total of 3,550 articles on the relationship between vitamin A and neonatal respiratory diseases were retrieved. After the screening, 139 related literatures were obtained. The full text of 139 literatures were read and screened strictly according to the inclusion and exclusion criteria. Finally, 18 articles were included in this study, including 11 articles in English and 7 articles in Chinese. (Fig.1) For the included studies, the author, publication year, sample size and the number of adverse outcomes were recorded; The acute symptoms of respiratory system related diseases include neonatal pneumonia, neonatal lower respiratory tract acute infection, neonatal respiratory distress syndrome, neonatal asphyxia, neonatal shortness of breath, neonatal bronchial dysplasia and so on(table 1).

2.2 Results of meta-analysis of the relationship between vitamin A and neonatal respiratory diseases

Odds ratios (OR) with 95% confidence intervals (CI) were assessed for determining the relationship between vitamin A and infants’ respiratory system related diseases. Data derive from 18 included articles were input into STATA software to obtain meta-analysis results. The test of interstudy heterogeneity I2 = 84.6%, P< 0.01, suggested that there was a high heterogeneity among the included literatures. Therefore, the data were combined and analyzed using the random effect model to reduce bias. After data combination, OR=0.72, 95%CI = 0.61~0.85, Z= 4.47, P<0.01. indicating that vitamin A is a protective factor for neonatal respiratory system related diseases.(Fig.2)
2.3 Sensitivity analysis and publication bias of the relationship between vitamin A and neonatal respiratory diseases
Potential bias in meta-analysis was assessed, including identification and detection of publication bias. In this meta-analysis, egger's test and begg test were used to evaluate publication bias. In this meta-analysis, the P value of egger's analysis is 0.178, and the Interval of 95% Conf. Interval (CI) is (-1.23, 0.25), which contains 0. Therefore, there is no publication bias in this meta-analysis. By the begg test, Kendall score was -9, standard deviation was 26.40, u=z=-0.34, and z=0.30, indicating the existence of continuous correction positive values. As shown by the statistical results, z<1.96, P>0.05, it could be considered as the existence of no publication bias. Moreover, in the process of publication bias test, the sensitivity of egger test was higher than that of begg test, so the egger test should be used as the benchmark when the results of the two were inconsistent. However, the results in this study were consistent, indicating that there was no publication bias within the allowable range of statistical errors. The above test is consistent with the conclusion obtained by evaluating publication bias using funnel plot (Fig.3), indicating that there is no publication bias in the literature on the relationship between vitamin A and neonatal respiratory system related diseases. The results of sensitivity analysis showed that the removal of any one article had no effect on the combined effect value, indicating that the results of meta-analysis were stable.

2.4 A meta-analysis of the relationship between vitamin A and neonatal respiratory diseases

In the study on the relationship between vitamin A and neonatal respiratory diseases, literature on the study of vitamin A and various neonatal respiratory diseases was successively entered into the STATA 15.0 software for meta-analysis.（table.2） The results showed that vitamin A was associated with neonatal respiratory related diseases, neonatal respiratory distress syndrome (OR=0.79), neonatal pneumonia (OR=0.51), neonatal lower respiratory tract infection (OR=0.49), and bronchial dysplasia (OR=0.91), all of which had statistical significance (P<0.05).

Discussion:
In recent years, with the improvement of life quality and medical level, population presents the trend of rapid growth. And population quality of ascension has become the current hot topic. At the moment, neonatal vitamin A content of serum effects on neonatal respiratory diseases of related research is less, the lack of clear conclusion. Some research point that, vitamin A is essential for normal lung growth, development, and the continued integrity of respiratory epithelial cells. In this study, the relationship between neonatal vitamin A serum level and neonatal respiratory system-related diseases at home and abroad was collected, and the influence of neonatal vitamin A serum level on neonatal respiratory system-related diseases was investigated by means of meta-analysis. The overall goal of a meta-analysis is to combine the results of previous studies to arrive at a summary conclusion about a body of research. So that we can make a totally system analysis for the relationship between vitamin A and the neonatal respiratory diseases. It is most useful in summarizing prior research when individual studies are too small to yield a valid conclusion. 

In this study, we analyzed the associations between vitamin A and infants’ respiratory system related diseases using a meta-analysis to obtain a powerful conclusion. According to Ahmads’ research, serum vitamin A of infant babies can effectively enhance the immunity of pregnant women and infant babies [5, 6], from this aspect, it can be found that vitamin A supplementation can reduce the respiratory tract infection and other related diseases of the infant by enhancing the vitamin A supplement of the infant. Previous studies by West have shown an association between vitamin A and mortality in infants born before term, especially in very low birth weight infants born before term[7]. And vitamin A supplementation in the third trimester of pregnancy can effectively improve maternal and cord blood levels of vitamin A. When used in combination with postpartum vitamin A prophylaxis in infants, the greatest therapeutic benefit in preventing BPD can be expected.[8] Combined with the analysis of this study, respiratory diseases, which account for the major cause of neonatal death, can be improved by enhancing the supplementation of neonatal vitamin A, thus reducing neonatal mortality.

In this study, the influence of neonatal serum vitamin A on neonatal respiratory system was investigated by means of meta-analysis by searching domestic and foreign literature on neonatal serum vitamin A content and neonatal respiratory diseases. Before this study, the data collected by meta-analysis is may not the original data of the literature, but a further analysis based on the previous research data, bias in the original research cannot be excluded, among which the most important is publication bias. Unlike in previous studies, the main limitations hampering the interpretation of results what we avoided are: the small number of suitable studies; the heterogeneity of estimates included in meta-analyses; the measurement error and potential publication bias. In this research, we included a large sample and screen strictly to prevent from above bias. In particular, the small number of large sample data included in this study may affect the reliability of the study to some extent. However, a series of tests have proved that there is no publication bias in this study within the allowable range of statistical errors. Moreover, the results of sensitivity analysis were relatively stable in this meta-analysis. Therefore, the credibility of this study is high, and during the screening and inclusion of this meta-analysis, the scores of articles are all articles of high quality (for both RCT and no-RCT), so this study has a high quality of analysis.

On balance, with the population growing and the survival rate of infant rising, it is of great significance that the content of vitamin A in the serum of infant should be improved to strengthen the immune ability of infant, reduce the respiratory system related diseases of infant, and improve the quality of life of infant.

Conclusion:
Vitamin A supplementation can protect infant babies from respiratory system related diseases, such as，neonatal respiratory distress syndrome(NRDS), neonatal pneumonia, neonatal acute lower respiratory infection(ALRI), neonatal bronchial pulmonary hypoplasia bronchopulmonary dysplasia of premature infants（BPD）. And vitamin A supplementation seems to be a relatively safe intervention.

Acknowledgments：
This work was financially supported by Weifang Medical University “Healthy Shandong” Major Social Risk Prediction and Governance Collaborative Innovation Center, National Health Commission of Weifang （wfwsjk_2019_182）.

Reference:
1.
Kumar P, M.A., Randev S, Medigeshi GR, Jat KR, Kapil A, Lodha R, Kabra SK,. Effect of acute respiratory infections in infancy on pulmonary function test at 3 years of age: a prospective birth cohort study. BMJ Open Respir Res, 2020. 2;7(1).

2.
Wang X, L.Y., O'Brien KL, Madhi SA, Widdowson MA, Byass P, Omer SB, Abbas Q, Ali A, Amu A, Azziz-Baumgartner E, Bassat Q, Abdullah Brooks W, Chaves SS, Chung A, Cohen C, Echavarria M, Fasce RA, Gentile A, Gordon A, Groome M, Heikkinen T, Hirve S, Jara JH, Katz MA, Khuri-Bulos N, Krishnan A, de Leon O, Lucero MG, McCracken JP, Mira-Iglesias A, Moïsi JC, Munywoki PK, Ourohiré M, Polack FP, Rahi M, Rasmussen ZA, Rath BA, Saha SK, Simões EA, Sotomayor V, Thamthitiwat S, Treurnicht FK, Wamukoya M, Yoshida LM, Zar HJ, Campbell H, Nair H, . Global burden of respiratory infections associated with seasonal influenza in children under 5 years in 2018: a systematic review and modelling study. Lancet Glob Health, 2020. 2 20.

3.
Takeda, A., et al., Vitamin a and carotenoids and the risk of parkinson’s disease: a systematic review and meta-analysis. Neuroepidemiology, 2014. 42(1), 25-38.

4.
Zhang J, S.R., Yan ZX, Yi WX,  Yue B, . Correlation of serum vitamin A, D, and E with recurrent respiratory infection in children. Eur Rev Med Pharmacol Sci 2019. 9;23(18).

5.
Ahmad S M , R.R., Qadri F , et al, The effect of newborn vitamin A supplementation on infant immune functions: Trial design, interventions, and baseline data. Contemporary Clinical Trials, 2014. 39(2):269-279.

6.
Ahmad S M , H.M.I., Bergman P , et al., The effect of postpartum vitamin A supplementation on breast milk immune regulators and infant immune functions: study protocol of a randomized, controlled trial. Trials, 2015. 16(1):129.

7.
West K P , W.S.F., Ali H , et al, Early neonatal vitamin A supplementation and infant mortality: An individual participant data meta-analysis of randomised controlled trials. Archives of Disease in Childhood, 2018. 104(3):archdischild-2018-315242.

8.
Babu T Arun, S.V., Vitamin A supplementation in late pregnancy can decrease the incidence of bronchopulmonary dysplasia in newborns. The journal of maternal-fetal & neonatal medicine : the official journal of the European Association of Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society of Perinatal Obstetricians, 2010. 23(12).

9.
Xue, J., Correlation between serum vitamin A  level and severity of neonatal respiratory distress syndrome. Journal of Pediatric Pharmacy, 2017. 23(11):22-24.

10.
Zhiyong, G. and Y. Jialin, Clinical study on the relation between vitamin A status and neonatal pneumonia, sepsis and respiratory distress syndrome. Journal of Pediatric Pharmacy, 2015. 21(06):11-14.

11.
Yuqing, D., et al., Clinical correlation of vitamin A and neonatal pneumonia, septicemia and respiratory distress syndrome. Contemporary Medicine, 2018. 24(07):25-27.

12.
Huazhen, W. and X. Chunyan, Correlation analysis of serum vitamin A level and respiratory distress syndrome in premature infants. China Continuing Medical Education, 2017. 9(02):123-124.

13.
Shumin, Y., et al., Study on the relationship between serum vitamin A level and respiratory distress syndrome in premature infants. Practical Preventive Medicine, 2017. 24(07):854-856.

14.
Donnen P , S.A., Dramaix M , et al., Effect of daily low dose of vitamin A compared with single high dose on morbidity and mortality of hospitalized mainly malnourished children in senegal: a randomized controlled clinical trial. european journal of clinical nutrition, 2007. 61(12): p. 1393-1399.

15.
Si N V , G.C., Vy N N , et al., High dose vitamin A supplementation in the course of pneumonia in Vietnamese children. Acta Paediatrica, 1997. 86(10):1052-1055.

16.
Francesca, G., Iolanda, et al., Levels and effectiveness of oral retinol supplementation in VLBW preterm infants. International journal of immunopathology and pharmacology, 2019.

17.
Basu S , K.P., Srivastava R , et al., Oral vitamin A supplementation in very low birth weight neonates: a randomized controlled trial. European Journal of Pediatrics, 2019. 178(8):1255-1265.

18.
Yiling, J., Serum vitamin A levels in children with pneumonia within 3 years of age. Chinese Journal of Contemporary Pediatrics, 2016. 18(10):980-983.

19.
Chen C , L.B., The correlation between serum concentration of vitamin A and NRDS in preterm infants. Journal of Clinical Pediatrics, 2015.

20.
Abdeljaber M H , M.A.S., Tilden R L , et al., The impact of vitamin A supplementation on morbidity: a randomized community intervention trial. American Journal of Public Health, 1991. 81(12):1654-1656.

21.
Pearson E , B.C., Snidow T , et al., Trial of vitamin A supplementation in very low birth weight infants at risk for bronchopulmonary dysplasia. Journal of Pediatrics, 1992. 121(3):0-427.

22.
Plum J , H.C., Vitamin A Deficiency and Severe Bronchopulmonary Dysplasia in Very Low Birth Weight Infants. American Journal of Perinatology, 1996. 13(07):389-393.

23.
Grubesic R B , S.B.J., Vitamin A Supplementation and Health Outcomes for Children in Nepal. Journal of Nursing Scholarship, 2003. 35(1):15-20.

24.
Stansfield S K , P.-L.M., Lerebours G , et al., Vitamin A supplementation and increased prevalence of childhood diarrhea and acute respiratory infections. Lancet, 1993. 342(8871):578-582.

25.
Kiatchoosakun, P., et al., Vitamin A supplementation for prevention of bronchopulmonary dysplasia in very-low-birth-weight premature Thai infants: a randomized trial. Journal of the Medical Association of Thailand = Chotmaihet thangphaet,, 2014. 97 Suppl 10.

26.
Chang A B , T.P.J., Boyce N C , et al., Zinc and vitamin A supplementation in indigenous Australian children hospitalized with lower respiratory tract infection: A randomised controlled trial. Medical Journal of Australia, 2006. 184(3):107-112.




