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To evaluate the association between serum vitamin A levels and the prevalence of recurrent respiratory tract infections (RRTIs) in children and adolescents and to provide evidence that would help decrease the prevalence of respiratory tract infections (RTIs) in children. This cross-sectional study included 8034 children and adolescents in Beijing aged 6 months to 17 years. RRTI and RTI symptoms were diagnosed according to the Clinical Concept and Management of Recurrent Respiratory Tract Infections in Children. Multivariate logistic regression models were used to evaluate the association between serum vitamin A levels and RRTIs after adjusting for potential confounders. Among the included children, 721 (8.97%) were diagnosed with vitamin A deficiency, whereas 3,073 (38.25%) were diagnosed with subclinical vitamin A deficiency. Only 28.8% (208/721) of children with vitamin A deficiency and 53.1% (1,631/3,073) of children with subclinical vitamin A deficiency had no RRTI and RTI symptoms, respectively. Compared with children with normal vitamin A levels, those with vitamin A deficiency and subclinical vitamin A deficiency had a greater risk for RRTIs, with an odds ratio (OR) of 6.924 [95% confidence interval (CI): 5.433–8.824] and 2.140 (95% CI: 1.825–2.510), respectively]. Vitamin A levels were also positively associated with RTI symptoms, with those having vitamin A deficiency and subclinical vitamin A deficiency showing an OR of 1.126 (95% CI: 0.773–1.640) and 1.216 (95% CI: 1.036–1.427), respectively. The present cross-sectional study found that low serum vitamin A levels were significantly associated with RRTI or RTI prevalence in children and adolescents.
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INTRODUCTION

Respiratory tract infections (RTIs) are the most widespread infectious disease in children and adolescents and a serious public health concern promoting high morbidity and mortality that considerably threatens children's health. Preschool-aged children documented to have suffered more than eight episodes of airway infections per year or older children who have suffered from more than six respiratory infections are considered to have recurrent respiratory tract infections (RRTIs) (1). Furthermore, the average frequencies of infectious episodes in children with RRTIs aged 0–2, 3–5, and 6–14 years are more than 7, 6, and 5 times a year, respectively (2). In 2008, the Editorial Committee of the Chinese Journal of Pediatrics and the Department of Respiratory in the Chinese Pediatric Society of Chinese Medical Association established the official criteria for diagnosing RRTIs (3).

Besides the traditional risk factors of RRTIs, including parental educational level, family medical history of respiratory diseases, parental smoking status, nutritional status, supplemental microelements, immune status, diet status, exercise, and environmental factors (4), previous evidence has suggested that low serum vitamin A levels are significantly associated with high morbidity of RRTIs and respiratory infections (5–7). Consistent with these findings, it has been found that patients with chronic infectious diseases generally present with severe vitamin A deficiency (8). Additionally, a clinical trial on 100 children with RRTI without acute phase response demonstrated that vitamin A supplementation could decrease the morbidity of RRTIs (9).

At present, most of the research on this topic has focused on preventing the occurrence or recurrence of RRTIs, especially in preschool children. However, current evidence suggests that vitamin A supplementation has only a limited effect in preventing acute respiratory infections and may not be suitable for all children (10). Therefore, a well-designed observational study of children and adolescents that comprehensively evaluates serum vitamin A levels and RRTIs is warranted before utilizing vitamin A supplements for the prevention of RRTIs in children. Therefore, we conducted a cross-sectional study to explore the association between serum vitamin A levels and the prevalence of RRTIs in children and adolescents.



MATERIALS AND METHODS

This cross-sectional study included eight pediatric healthcare centers in Beijing, China, namely the Capital Institute of Pediatrics, Beijing Shouer Liqiao Children's Hospital, Beijing Fangshan District Maternal and Child Health Hospital, Civil Aviation General Hospital, Beijing Shijingshan District Maternal and Child Health Care Hospital, Beijing Pinggu District Maternal and Child Health Care Hospital, Tsinghua University Yuquan Hospital, and Beijing Huairou Hospital. All children (aged <18 years old) who visited the pediatrician's office for the treatment of rhinitis, influenza, pharyngitis, amygdalitis, trachitis, bronchitis, pneumonia, or other respiratory tract diseases or for a routine physical examination between April 2012 and May 2017 were included in this study. The study protocol was approved by the Ethics Committee of the Capital Institute of Pediatrics. Participants and participants' families were informed before the investigation, and children's parents provided written informed consent for research enrollment and data accessibility.

Patients with acute or chronic inflammation of other systems or organs, congenital diseases, abnormal immune system diseases, or a history of surgery were excluded from this study.

RRTI and RTI symptoms were diagnosed according to the criteria detailed in Clinical Concept and Management of Recurrent Respiratory Tract Infections in Children edited by the Chinese Pediatric Society of Chinese Medical Association in 2008 (2) and relative information extracted from the medical records of the participants. Two professional physicians reconfirmed the patient information and finally diagnosed RRTI and RTI symptoms. Children and adolescents aged between 6 months and 17 years who had respiratory infections or visited the pediatrics or child health department of the abovementioned hospitals for health examinations constituted the study population. Patients with infections of other systems (except the respiratory tract), congenital diseases, autoimmune diseases, and a history of surgery were excluded. Those children whose parents/guardians did not provide consent for participation in the study were also excluded. Participants were divided into the following four groups: healthy children without a history of RRTIs or any RTI symptoms, patients with RRTI presenting with RTI symptoms, patients with RRTI without RTI symptoms, and patients without RRTI presenting with respiratory disease symptoms.

For each participant, 3 mL of peripheral venous blood was collected into thrombin blood collection tubes (orange top) after overnight fasting. Blood collection was performed by professional nurses. Collected blood samples were centrifuged at 3,000 rpm/min for 10 min and left to settle down. The supernatant was transferred into a clean microcentrifuge tube. Collected serum was stored at −20°C until analysis. Serum vitamin A concentrations were assessed by Beijing Harmony Health Medical Diagnostics Co., Ltd. using HPLC (LC-20A; Shimadzu, Japan). Vitamin A concentrations of >0.3, <0.3, and <0.2 mg/L were defined as normal, subclinical deficiency, and deficiency, respectively, according to the deficiency levels defined by the World Health Organization (11).

The demographic information and characteristics of the participants, as well as information regarding residential conditions and medical histories, were reported by the participants' parents through a predesigned questionnaire. All included children underwent standard physical examination, including height, weight, and temperature measurements and routine blood examinations. The body mass index (BMI) was calculated as body weight (kg)/height squared (m2). According to the criteria defined by World Health Organization (12), children were categorized as normal, under weight, overweight, or obesity. All procedures performed herein, including the questionnaire interview, physical examination, and RRTI and RTI symptom diagnosis, were performed by professional pediatricians.


Statistical Analysis

Categorical variables were presented as frequencies and proportions. Chi-squared test was used to compare differences between the characteristics of children with vitamin A deficiency, subclinical deficiency, and no deficiency. Multivariate logistic regression models were created to evaluate the association between serum vitamin A levels and respiratory diseases (RRTI/RTI group vs. healthy group, combined RTI and non-RTI group vs. healthy group, non-RRTI and RTI group vs. healthy group, combined RRTI and RTI group vs. healthy group) after adjusting for potential confounders, including age, sex, residential location, BMI, and food types (most consumed foods: staple food, vegetables, eggs white or egg yolks, red meat, and fruits). After stratifying the children according to sex, age, residential location, BMI, and food types, a subgroup analysis was performed to identify populations with potentially increased benefits. The odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated.

All data analyses were conducted using statistical software SPSS version 23.0 (SPSS, Chicago, IL, USA), with two-tailed P < 0.05 indicating statistical significance.




RESULTS

Among the 8,034 children and adolescents aged between 6 months and 17 years, 58.8% were boys, 95.8% were of Han ethnicity, and 85.7% resided in urban areas (Table 1). Only 5.4% of the children were underweight, whereas 83.5% had a healthy weight. Further, 721 (8.97%), 3,073 (38.2%), and 4,240 (52.8%) children had vitamin A deficiency, subclinical vitamin A deficiency, and healthy serum vitamin A levels, respectively. In addition, 10.6, 21.4, and 12.3% of the children were diagnosed with RRTI, RTI symptoms, and RRTI with RTI symptoms, respectively. Compared with children with healthy vitamin A levels, children with vitamin A deficiency and subclinical vitamin A deficiency had RRTI or RTI symptoms more frequently (71.2 and 46.9%, respectively; P < 0.001). Serum vitamin A levels were 0.31 mg/L (±0.07), 0.28 mg/L (±0.08), and 0.27 mg/L (±0.08) in children with only RRTI, only RTI symptoms, and both RRTI and RTI symptoms, respectively (Figure 1).


Table 1. Characteristics of 8,034 children and adolescents according to the serum vitamin A levels.
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FIGURE 1. Histogram of vitamin A levels in children with recurrent respiratory infections and normal children.


Compared with children with healthy serum vitamin A levels, those with vitamin A deficiency and subclinical vitamin A deficiency were at a greater risk for RRTIs/RTIs [OR for RRTIs/RTI of 4.262 [95% CI: 3.561–5.100; P < 0.001) and 1.513 (95% CI: 1.371–1.669; P < 0.001), respectively] after adjusting for potential confounders (Table 2). Moreover, compared with children with healthy vitamin A levels, those with vitamin A deficiency and subclinical vitamin A deficiency were at a greater risk for RRTIs [OR for RRTI of 1.188 (95% CI: 0.814–1.733; P = 0.372) and 1.193 (95% CI: 1.017–1.399; P = 0.030), respectively]. Consistently, children with vitamin A deficiency and subclinical vitamin A deficiency had an OR for RTI symptoms of 5.088 (95% CI: 4.159–6.225; P < 0.001) and 1.483 (95% CI: 1.309–1.681; P < 0.001), respectively. Our results showed that children with vitamin A deficiency and subclinical vitamin A deficiency had a 7.1 (95% CI: 5.566–9.057; P < 0.001) and 2.133 (95% CI: 1.818–2.503; P < 0.001) times higher risk for combined RRTI and RTI, respectively.


Table 2. Associations between serum vitamin A levels and risk of recurrent respiratory infections in children aged 0.5–17 years in Beijing.
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After stratifying the patients according to sex, the subgroup analysis showed a consistently negative association between vitamin A levels and risk for RRTIs in both girls and boys (Table 3). After stratifying the patients according to age groups, the analysis revealed an increasing risk for RRTIs among those with vitamin A deficiency as age increased, with children aged <1, 1–3, 3–6, and >6 years showing an OR for RRTIs of 1.498 (95% CI: 0.924–2.429; P = 0.101), 5.434 (95% CI: 3.962–7.455; P < 0.001), 4.647 (95% CI: 3.316–6.513; P < 0.001), and 6.990 (95% CI: 4.329–11.286; P < 0.001), respectively. This suggests that the risk for RRTIs in children with subclinical vitamin A deficiency was consistent as age increased. After stratifying the patients according to location, the analysis revealed that the association between vitamin A levels and RRTI risk was stronger among rural and migrant populations, with the ORs being 4.165 (95% CI: 3.415–5.079; P < 0.001) and 1.445 (95% CI: 1.297–1.609; P < 0.001) for urban children with vitamin A deficiency and subclinical vitamin A deficiency, 7.407 (95% CI: 3.583–15.315; P < 0.001) and 2.845 (95% CI: 1.970–4.108; P < 0.001) for migrant children with vitamin A deficiency and subclinical vitamin A deficiency, and 6.707 (95% CI: 3.258–13.806; P < 0.001) and 2.345 (95% CI: 1.535–3.584; P < 0.001) for rural children with vitamin A deficiency and subclinical vitamin A deficiency, respectively. After stratifying the patients according to BMI, the analysis showed a stronger association between vitamin A deficiency and risk for RRTIs among children who were overweight/obese, with the ORs being 7.529 (95% CI: 4.253–13.330; P < 0.001) and 2.514 (95% CI: 1.830–3.452; P < 0.001) for children who were overweight/obese and had vitamin A deficiency and subclinical vitamin A deficiency, 4.345 (95% CI: 3.548–5.322; P < 0.001) and 1.512 (95% CI: 1.356–1.686; P < 0.001) for children with healthy weight with vitamin A deficiency and subclinical vitamin A deficiency, 3.204 (95% CI: 1.546–6.638; P = 0.002) and 1.028 (95% CI: 0.673–1.570; P = 0.897) for children who were underweight with vitamin A deficiency and subclinical vitamin A deficiency, respectively. The association between vitamin A deficiency and RRTIs was consistent in children consuming primarily staple food, vegetables, eggs white or egg yolks, and fruits. However, the children consuming primarily meat products showed a stronger association between vitamin A levels and risk for RRTIs, with an OR of 6.375 (95% CI: 2.545–15.973; P < 0.001) and 1.304 (95% CI: 0.909–1.870; P = 0.149) for vitamin A deficiency and subclinical vitamin A deficiency, respectively.


Table 3. Associations between serum vitamin A levels and risk of respiratory infections in subgroups.
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DISCUSSION

The present large-scale cross-sectional study in China found a consistent association between vitamin A deficiency and subclinical vitamin A deficiency and increased risk for RRTIs. A stronger association was also observed between vitamin A deficiency and RRTI risk among elder children, rural and migrant children, children with higher BMI, and those consuming primarily meat products, suggesting that vitamin A supplementation for the prevention of RRTIs might be more necessary among these children.

RTIs are series of respiratory system diseases caused by infectious pathogenic microorganisms. RTIs can be classified into upper respiratory tract infections (including rhinitis, pharyngitis, and laryngitis) and lower respiratory tract infections (including tracheitis, bronchitis, and pneumonia) according to the area of onset (13, 14). Several possible complications, such as acute carditis, nephritis, and rheumatism, can occur in some children. Children with weaker immunity are more susceptible to RTIs, which may even progress to RRTIs, a special type of RTI extremely prevalent among children. Delayed diagnosis or inadequate treatment could induce severe complications and seriously impact healthy growth (15). Researchers have long explored the etiology of RTIs and RRTIs, as well as risk factors of RTIs, focusing on vitamin A status in children.

Several randomized trials and double-blind trials have indicated that vitamin A supplementation might boost the immune system of infected patients suffering from chronic vitamin A deficiency (16–18). Ma et al., who conducted a case–control study that compared patients with acute bronchiolitis and those with other respiratory disease/those who were uninfected, confirmed the association between acute bronchitis infection and vitamin A levels independent of other potential risk factors. After considering potential confounders, the same study found that vitamin A levels remained significantly associated with RRTIs (19). Zhang et al. found that low vitamin A levels were significantly associated with the risk for RRTIs in children (5). Similarly, the present study found a negative association between serum vitamin A levels and risk for RRTIs, as well as RTI symptoms, in children and adolescents aged 6 months to 17 years. Therefore, children's nutrition should be closely monitored to avoid vitamin A insufficiency and subclinical vitamin A deficiency and prevent incidences of RRTIs.

Evidence suggests that vitamin A plays a critical role in body growth and immune system development in mammals. Common infectious diseases, such as measles, diarrhea, and respiratory infection, are a result of weakened immune response (20). Immunoglobulin A (IgA), one of the most important indices of the mucosal immune system, had been confirmed to be associated with respiratory infection (21). Previous studies indicated that vitamin A plays a critical role in T-cell differentiation, IgA secretion, and class switching (22–24). Additionally, vitamin A deficiency can impact mucoprotein expression and decrease lymphocyte proliferation following antigen activation, which could certainly decrease the immune response in the patients' airway mucus (25), which consists of mucoproteins and glycoproteins that form a protective barrier against antigens (26). Moreover, researchers have found that vitamin A-deficient mice exhibited significant impairment in virus-specific IgA and CD8+ T-cells in their airway (27). Taken together, all aforementioned findings suggest that vitamin A deficiency can weaken the immune status and increase the risk of infection. Our results suggested that the incidence of symptomatic RRTIs was low among children with normal vitamin A levels. Further, serum vitamin A levels were negatively correlated with both symptomatic RRTIs and symptomatic acute RTIs and weakly, but non-significantly, correlated with asymptomatic RRTIs in children.

Additionally, the present study found an age difference in the association between vitamin A deficiency and risk for RRTIs. Apart from age, children who were obese/overweight also demonstrated a slightly higher risk for RRTIs compared with those with healthy weight, indicating that age and fat accumulation affect the association between vitamin A levels and risk for RRTIs. However, the underlying mechanism warrants further evaluation. Moreover, our findings revealed a stronger association between vitamin A deficiency and risk for RRTIs among rural and migrant children than among urban children, which could have been due to the combined influence of economic status, nutritional status, diversification or dietary preference, and health concerns.

This relatively large-scale cross-sectional study included 8,034 children with sufficient statistical power to detect the association between vitamin A deficiency and RRTIs, especially among subgroup populations. However, several limitations of this study are worth noting. Given the cross-sectional design of this study, a causal relationship between low serum vitamin A levels and RRTIs could not be confirmed. Moreover, we could not discriminate the time order of vitamin A deficiency and RRTIs. However, our findings reconfirmed the hypotheses of previous studies. We also found that vitamin A deficiency might be associated with increased risk for RRTIs among several specific subpopulations, such as older children, those who are obese/overweight, and rural and migrant children. This indicates that not all children might require vitamin A supplementation, indirectly and partially supporting the results of previous studies demonstrating that vitamin A supplementation produces no substantial reduction in the symptoms or morbidity of respiratory infections (28). Only one study showed that vitamin A supplementation could decrease the mortality of young patients with measles and the severity of measly infection but no other respiratory infections (29). Similarly, high dosages of supplementary vitamin A conversely increase the morbidity of lower respiratory tract infections, which is extremely significant in children with a nutritionally adequate diet (30). Studies have also suggested that only those with undernutrition required vitamin A supplementation to prevent acute RTIs (30). Considering that the participants were enrolled from hospitals, our findings might not be applicable to the community. Children and their parents who visit the hospitals may pay more attention to health and disease and have more knowledge about the disease, making them more likely to report the symptoms. Hence, this study may underestimate the actual prevalence of vitamin A deficiency. RTIs are infectious disease and children's illness may not occur independently, thus the logistic regression model might not be best analysis method for such data. Another limitation is that we did not include detailed dietary information. As is widely known, the dietary composition of children may greatly influence serum vitamin levels. Although a question regarding diet had been included in the questionnaire, it did not provide sufficient details on the dietary composition of children. Thus, further well-designed prospective studies are needed to confirm our findings.

Our findings suggested that vitamin A deficiency was significantly associated with the risk for RRTI and RTI symptoms, especially among older children, children who were overweight/obese, and rural and migrant children. Thus, evaluating the nutritional status of vitamin A and outcomes of supplementation in these children might be an efficient approach toward the prevention of RRTI and RTI symptoms in children. Nevertheless, these findings need to be confirmed by further large-scale prospective studies, especially on the community populations.
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