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Introduction.
Dietary habits in developing countries are characterized in the last decades by low intake of fruits, vegetables, and high consumption of sweetened drinks. Most of the evidence linking carbohydrate intake and asthma comes from children over 6 years of age. The aim of this study was to examine the association of macronutrient intake with the severity of wheezing exacerbation in children aged 2 to 6 years
Methods.
We performed a prospective cohort study that included all children aged 2 to 6 years hospitalized by a wheezing exacerbation in two tertiary centers in Rionegro, Colombia. Dietary data were collected using a food frequency questionnaire (FFQ) validated in the Colombian population. Gina classification of acute wheezing in children 5 years and younger was to define the severity of the wheezing
Results
During the study period, 228 cases of patients with wheezing exacerbation were included. Wheezing severity was dose-dependently associated with protein and carbohydrate-rich intake. The variables included in the multivariable analysis included reactive C protein, smoking at home, atopic dermatitis, protein, and carbohydrate-rich food intake
Conclusion 
High carbohydrate-rich food intake was associated with severity of wheezing exacerbation adjusted by other known risk factors such as atopic, smoking, and reactive C protein. Also, we found a negative association of severity of wheezing exacerbation with high protein-rich food intake adjusted by the factors mentioned above. This evidence should motivate the development of public health policies to control the consumption of sugar-rich products in children under 6 years of age.
Introduction.
Asthma is the most frequent chronic disease in children.  The asthma prevalence is increasing in low and middle-income countries (1) . Changes in environmental factors and dietary patterns explain this trend over the past decades(2). Deficient of macronutrients can modulate airway inflammation as well diet with high consumption of fruits, vegetables, fish, and olive oil may protect against asthma symptoms in children (3, 4) .
Dietary habits in developing countries are characterized in the last decades by low intake of fruits, vegetables, and high consumption of sweetened drinks(5).  In children older than 6 years the frequent consumption of vegetables or grains was associated with a lower risk of asthma, findings explained by dietary effects on interleukin-17F- dependent pathways(6). A healthy diet, with frequent consumption of vegetables and grains and low consumption of dairy products and sweets, was associated with higher lung function (as measured by FEV1 and FVC)(7). Wheezing, in children between 6 to 7 years, has been associated with the consumption of fast food (OR: 1.76, 95% CI: 1.32 to 2.35) (8).  In children under 2 years of age severe bronchiolitis was dose-dependently associated with carbohydrate ingestion during pregnancy (OR 3.29 95% CI, 1.15-9.44] (9) . A systematic review of observational studies in children older than 6 years reported that the consumption of fast foods increased the risk of current wheeze (OR: 1.21; 95% CI: 1.16–1.27) (10). In conclusion, there is evidence of the negative role of high carbohydrate intake on the severity of asthma in children older than 6 years and even in wheezers less than 2 years of age.  However, the population between 2 and 6 years of age constitutes a diagnostic challenge since not all patients who wheeze are associated with a specific respiratory virus as those under 1 year of age or are true asthmatics in the future.  It is possible that this association between macronutrients and wheezing is diluted because of this etiological heterogeneity. The relevance of clarifying the role of diet in asthma is of great importance since it is a potentially modifiable risk factor. Proving or discarding this association may help to modify public policies on the consumption of substances with high sugar consumption in the child population, which is increasingly exposed to these products. The aim of this study was to examine the association of macronutrient intake with the severity of wheezing exacerbation in children aged 2 to 6 years. 
Methods.
Subjects
We performed a prospective cohort study that included all children aged 2 to 6 years hospitalized by a wheezing exacerbation in two tertiary centers in Rionegro, Colombia, between January 2019 and December 2019. The municipality of Rionegro had a total population of 101 046 inhabitants, with two tertiary referral hospitals (11). Inclusion criteria were defined as children aged 2 to 6 years who were admitted to the emergency department and diagnosed with a wheezing exacerbation. Patients without lower respiratory compromises, with positive bacterial cultures on admission or a confirmed whooping cough (culture or PCR), were excluded. The study protocol was approved by the Institutional Review Board of the University of Antioquia (No 18/2015). Informed consent was obtained from the parents. The privacy and confidentiality of the information were always guaranteed.
Study procedures and outcome definition.
We collected the following variables: age, sex, weight, height, signs, and symptoms on admission related to bronchiolitis (including fever, chest auscultation, oxygen saturation, etc.), vaccination scheduled chart for age, current exposure (maternal or paternal) to cigarette smoking, history of prematurity and bronchopulmonary dysplasia confirmed by a neonatologist upon discharge from the neonatal intensive care unit, comorbidities (congenital heart disease, neurological disease), diagnostic tools such as chest X-rays, complete blood count, bacterial cultures, etc. In our hospitals, bronchodilators and systemic steroids are used at the discretion of attending physicians according to national clinical bronchiolitis and asthma guidelines (12) . Dietary data were collected using a food frequency questionnaire (FFQ) validated in the Colombian population (13) . This tool is a quantitative food frequency questionnaire (FFQ) containing 92 items split into 8 food categories. The foods included in the tools reflect those that are traditionally consumed in urban and rural areas in Colombia. This questionnaire version requests that respondents estimate their daily, weekly, monthly, and rarely/ever consumption frequencies of individual foods (e.g., bread). Participants were categorized into quartiles based on their reported intake frequency, with the lowest quartile serving as a reference group for each of the food categories. Given the 90-day period of reference and consequent concerns about portion size recall (14) our study did not collect information about daily portion sizes.   Vitamin D levels were assessed by measuring serum 25-hydroxycholecalciferol (25-OH vitamin D). Serum 25-OH vitamin D was measured using a Liaison® 25-OH Vitamin D Total assay kit with the Liaison® rapid automated assay system (DiaSorin, Stillwater, MN, USA). 25-OH vitamin D levels were categorized as deficient (<20 ng/ml), insufficient (20–29 ng/ml), or sufficient (>29 ng/ml) (15).  Wheezing exacerbation was defined as a visit to the ED/urgent care or hospitalization for asthma, requiring treatment with systemic corticosteroids (oral, intramuscular, or intravenous) for at least 3 days of hospitalization. Gina’s classification of acute wheezing in children 5 years and younger was to define the severity of the wheezing (12). 
Statistical analysis
Continuous variables were shown as mean ± standard deviation or median (interquartile range, IQR), whichever was appropriate. Categorical variables were shown as numbers (percentage). To identify factors independently associated with wheezing exacerbation severity, we fit the data to ordinal logistic regression. Initially, the regression model only included variables associated with wheezing exacerbation severity, with values of p <0.2 or that changed the effect estimate by over 10% after their inclusion. Ordinal logistic regression was performed with a backward elimination method, used with a p-value of 0.05 as the limit value for the model entry. To test de goodness of fit of the model, we calculate the ordinal version Hosmer–Lemeshow test, the Pulkstenis–Robinson chi-squared and deviance tests, and the Lipsitz likelihood-ratio test with a single “ologitgof” command. Regression results are reported as odds ratios and their respective 95% confidence intervals (CI). All statistical tests were two-tailed, and the significance level used was p < 0.05. The data were analyzed with the Statistical Package Stata 17.0 (Stata Corporation, College Station, TX, USA).
Results
Study population
During the study period, 228 cases of patients with wheezing exacerbation were included. The mean age of patients was 3.8 years (SD 0.42), 51% female. The mean of hospitalization stay was 5.40 days (SD 3.10). Twenty-four patients (10.5%) were admitted to PICU, 7 of them need mechanical ventilation, no deaths were observed. The mean of the previous hospitalization, in the last year, by wheezing exacerbation was 1.5 (SD 1.04). 79% of the patient-reported has been used some inhaled corticosteroids as a controller (93% beclometasone and 7% fluticasone), 93% were classified as inadequate due to use as needed or sub-therapeutic dose. 11% of the patients had symptoms or previous history of gastroesophageal reflux disease, eight patients reported some contact with familiar with tuberculosis, all with negative tuberculin and bacteriological diagnosis. 45% of the patient-reported snoring in the last month. None reported parents or siblings with cystic fibrosis; eight patients were in a study by some primary immunodeficiency, but any with a confirmed diagnosis. 28% of the patients have atopic dermatitis, and 77% allergic rhinitis. In forty-four patients (22%) their exacerbation was classified as mild, 45% moderate, and 35% severe, table 1. 
Multivariable analysis
[bookmark: bookmark=id.gjdgxs]There were statistical differences, between wheezing exacerbation severity levels, in the proportion of patients with premature birth, atopic dermatitis, smoking at home, previous hospitalization by wheezing, complete vaccination for age, school attendance, protein, and carbohydrate-rich intake, reactive C protein. Wheezing severity was dose-dependently associated with protein and carbohydrate-rich intake, figure 1,2. As is expected the proportion of pneumonia associated with exacerbation and Hospitalization stay median was higher in patients with severe and moderate exacerbation.   The variables included in the multivariable analysis included reactive C protein, smoking at home, atopic dermatitis, protein, and carbohydrate-rich food intake, table 2. 
Discussion.
In this article, we address important questions about the influence of macronutrients in the severity of wheezing exacerbation in children between 1 to 6 years old. We found a positive association between a high carbohydrate-rich food intake and severity of wheezing exacerbation adjusted by other known risk factors such as atopic, smoking, and reactive C protein. Also, we found a negative association of severity of wheezing exacerbation with high protein-rich food intake adjusted by the factors mentioned above. 
Intake of carbohydrate-rich food has been associated in previous studies with the risk of wheeze (8). This diet promoting a pro-inflammatory environment by alteration of microbiota balances(16) . This pro-inflammatory environment has a negative effect on general immunity and the airways favoring rapid progression to severe asthma (17). In our study evidence and increment of reactive C protein levels, a pro-inflammatory biomarker, between quintiles of carbohydrate-rich intake (supplementary material). Previously evidence in asthmatic children aged 6-7 years found that intake of fast food three or more times per week was statistically significantly associated with current wheeze (OR: 1.74; 95% CI: 1.30 to 2.34) (8). Also, a frequent intake of fast food was positively associated with a higher prevalence of eczema and rhino-conjunctivitis in older children (ORs 1.32; 95% CI 1.22, 1.43, and OR 1.32; 95% CI 1.24, 1.40, respectively) in a multicenter study in eleven Latin American countries in children aged 6-7 year (18).  A systematic review of 16 observational studies reported that asthma was associated with the consumption of fast foods (OR: 1.34; 95% CI: 1.23–1.46). This review shows that the consumption of fast foods increased the risk of current wheeze in five cross-sectional (OR: 1.21; 95% CI: 1.16–1.27) and wheeze ever in one cross-sectional study (OR: 1.65; 95% CI: 1.07–2.52)(10). Our study focused on infants less than 6 years, usually a population with more heterogeneity in their risk of asthma than mentioned studies. Despite this heterogeneity, we found a similar association than reported in studies with older children. The proinflammatory effect of consuming a high-carbohydrate diet is consistent throughout childhood as shown by the evidence in children under 2 years of age, children over 6 years of age, and our evidence in children between 2 and 6 years of age (9, 18).
A negative association of severity of wheezing exacerbation with high protein-rich food intake has been reported previously. Our results are in line with previous evidence. In Colombia, in an analysis of ISAAC in children aged 6-7 years, a regular intake of milk was negatively associated with eczema (OR: 0.33; 95% CI: 0.23 to 0.47)(8). Mediterranean-style dietary patterns emphasizing fishes. A 2013 systematic review reported negative associations between Mediterranean diet adherence in children and the 3 respiratory outcomes – “current wheeze” (P = 0.02), “current severe wheeze” (P = 0.008), and “asthma ever” (P = 0.06) – when compared with non-Mediterranean in adolescents(19). It cannot be ruled out that high carbohydrate and protein intake are per se surrogate variables of a more general variable such as poor health habits. However, as mentioned, such an association was documented in children with bronchiolitis and asthma older than 6 years. Our study closes this gap by providing evidence in children between 1 and 6 years of age.
In our study, we do not find an association between 25-OH vitamin D levels and severity of wheezing exacerbation. A recent systematic review and meta-analyses of randomized controlled trial on prenatal Vitamin D supplementation and child respiratory health do not found evidence of a relationship in six clinical trials between vitamin D intake during pregnancy and occurrence of asthma in offspring (RR 0.89, 95% CI 0.69-1.15 I2=46%) (20). This contrast to the evidence from observational studies where significant inverse correlation between serum levels of 25-OH vitamin D₃ and pediatric asthma (r = -0.483, p = 0.001) (21, 22). The role of the effect of vitamin D in asthma is not yet elucidated and more evidence from controlled clinical trials with supplementation in recurrent wheezing is needed to be conclusive. 
A few important limitations need to be considered. As occurs in longitudinal studies, information bias cannot be excluded. However, we include all patients registered in the hospital and the reported incidence cannot be attributed to the bias of selection. Second, hospitalizations due to other medical conditions sometimes can prolong the hospital stay and the withdrawal of oxygen (inefficiencies within the healthcare system, placement difficulties, operational delays, and payer-related issues). However, the plausibility of the identified clinical factors suggests that the above-mentioned non-medical factors account for a minimal part of the causality in the studied population.
In conclusion, high carbohydrate-rich food intake was associated with severity of wheezing exacerbation adjusted by other known risk factors such as atopic, smoking, and reactive C protein. Also, we found a negative association of severity of wheezing exacerbation with high protein-rich food intake adjusted by the factors mentioned above. This evidence should motivate the development of public health policies to control the consumption of sugar-rich products in children under 6 years of age.












Figure 1.  Carbohydrate intake and wheezing severity. 


Figure 2.  Protein intake and wheezing severity. 






Supplementary material.  Reactive C protein levels between quintiles of carbohydrate-rich intake
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