
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/PAI.13667
 This article is protected by copyright. All rights reserved

1

2 DR GIULIANA  FERRANTE (Orcid ID : 0000-0001-9917-2387)

3 DR SALVATORE  FASOLA (Orcid ID : 0000-0002-5378-5505)

4 DR ERICK  FORNO (Orcid ID : 0000-0001-6497-9885)

5

6

7 Article type      : Original Article

8

9

10 The Dietary Inflammatory Index and asthma burden in children: a latent class analysis

11 Giovanna Cilluffo, PhD1*, Yueh-Ying Han PhD2*, Giuliana Ferrante, PhD3, Marika Dello Russo, 

12 RD4, Fabio Lauria, MSc Biol4, Salvatore Fasola, PhD3, Laura Montalbano, PhD3, Velia Malizia, 

13 MD3, Erick Forno, MD MPH2, Stefania La Grutta, MD, PhD3

14

15 1National Research Council, Institute for Biomedical Research and Innovation (IRIB), Palermo, 

16 Italy;

17 2Division of Pediatric Pulmonary Medicine, University of Pittsburgh and UPMC Children's 

18 Hospital of Pittsburgh, Pittsburgh, Pennsylvania;

19 3Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical 

20 Specialties, University of Palermo, Palermo, Italy;

21 4Epidemiology & Population Genetics, Institute of Food Sciences, CNR, Avellino, Italy.

22

23 *Equally contributing co-first authors; Equally supervising this work

24

25

26

27

28 A
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1111/PAI.13667
https://doi.org/10.1111/PAI.13667
https://doi.org/10.1111/PAI.13667
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpai.13667&domain=pdf&date_stamp=2021-09-16


This article is protected by copyright. All rights reserved

29

30

31

32

33

34 Corresponding author: Giuliana Ferrante

35 Department of Health Promotion, Mother and Child Care, Internal 

36 Medicine and Medical Specialties 

37 University of Palermo 

38

39 Email: giuliana.ferrante@unipa.it

40

41

42

43 Running title: The Dietary Inflammatory Index and childhood asthma 

44

45 Funding: Dr Forno’s contribution was funded in part by grant HL149693 from the U.S. National 

46 Institutes of Health (NIH).

47

48

49 The authors declare no conflict of interest.

50

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

51 ABSTRACT

52 Introduction: Unbalanced dietary intake has been increasingly recognized as an important 

53 modifiable risk factor for asthma. In this study we assessed whether a pro-inflammatory diet is 

54 associated with higher asthma burden in three steps: 1) identification of asthma latent classes (LC) 

55 based on symptoms, indoor exposures, and pulmonary function; 2) identification of risk factors 

56 associated with LC membership; 3) estimation of the probabilities of LC membership with 

57 variation in DII.

58  Methods: Cross-sectional study on 415 children aged 5-14 years (266 with persistent asthma and 

59 149 controls). LC analysis was performed in asthmatic children. The DII was calculated based on 

60 a semi-quantitative food frequency questionnaire. Elastic net logistic regression was used to 

61 investigate whether increasing DII was associated with worse asthma burden.

62 Results: Two LCs were identified. Children in Class 1, “high burden”, had higher symptom 

63 burden and worse lung function. Children in Class 2, “low burden”, had lower symptom burden 

64 and less impaired lung function, but were more subject to indoor exposures. DII was the only risk 

65 factor significantly associated with Class 1 membership. As the DII increased (from -4.0 to +4.0), 

66 the probability of Class 1 membership increased from 32% to 65% when compared to control 

67 group, while it increased from 41% to 72% when compared to Class 2.

68 Conclusions: We identified two phenotypes of persistent asthma associated with different disease 

69 burden linked to indoor exposures. An increasing DII was associated with high-burden asthma, 

70 providing further evidence about the role of a pro-inflammatory diet in asthma morbidity.

71 Keywords: asthma, children, dietary inflammatory index, burden, latent class analysis, lung 

72 function, indoor exposures

73

74 Key message

75 We identified two latent classes of children with persistent asthma associated with different 

76 disease burden. An increasing Dietary Inflammatory Index was associated with high-burden 

77 asthma linked to indoor exposures, providing further evidence about the role of a pro-

78 inflammatory diet in asthma morbidity.
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80 Introduction 

81 Asthma is a major non-communicable disease imposing a relevant burden on children (1). 

82 Indeed, although most children with persistent asthma can be managed with low to medium doses 

83 of inhaled corticosteroids, some children can experience frequent and severe asthma attacks and 

84 poor lung function (2). There is also evidence that comorbid conditions may affect asthma 

85 outcomes among children, contributing to the increased burden of the disease (3). Modifiable risk 

86 factors, such as indoor environmental exposure and unhealthy dietary habits, may play an 

87 important role in increasing airway inflammation and the risk of asthma exacerbations (4,5). In 

88 particular, an unbalanced dietary intake has been increasingly recognized as an important 

89 modifiable risk factor for asthma (6), as it may contribute to an increased allergic airway 

90 inflammation by modulating innate and adaptive immune responses (7). 

91 The Dietary Inflammatory Index (DII) is a score that defines an individual’s diet on a 

92 continuum, from the most anti-inflammatory to the most pro-inflammatory. It encompasses the 

93 whole diet of an individual, rather than isolated nutrients or food items (8). A previous study in 

94 Hispanic adults reported an association between a pro-inflammatory diet characterized by a high 

95 DII score, current asthma symptoms, and lower lung function as assessed by spirometry (8). A 

96 higher DII has also been associated with an increased odds of current wheeze in adults and 

97 children with atopic wheeze from the U.S. National Health and Nutrition Examination Survey 

98 (NHANES) (9). 

99 The phenotypic characterization of asthmatic children based on risk factors, clinical 

100 outcomes and lung function may not be accurate enough to characterize children at high risk for 

101 poor outcomes. Previous studies aimed to provide a deeper characterization of childhood asthma at 

102 a phenotypic/endotypic level (10). In particular, two recent studies used data-driven approaches, 

103 such as Latent Class Analysis (LCA), to identify children at risk for asthma exacerbations (11,12). 

104 Previous studies have demonstrated that a pro-inflammatory diet may increase the harmful 

105 effect of indoor pollutants on respiratory symptoms and lung function in children with asthma, 

106 suggesting that such modifiable exposures can synergistically worsen asthma outcomes (7,13). 

107 However, to date no studies have investigated the role of DII as a risk factor for asthma burden 

108 (i.e. exacerbations, comorbidities and lung function) linked to indoor exposures in children.
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109 To address this knowledge gap, we applied LCA in a sample of children with persistent 

110 asthma. The aim of this study was to assess whether a pro-inflammatory diet was associated with 

111 worse asthma burden in three steps: 1) to identify asthma latent classes based on symptom history, 

112 indoor exposure and pulmonary function; 2) to identify the risk factors associated with latent class 

113 membership; 3) to estimate the probabilities of latent class membership with variation in DII.

114

115 Methods 

116 Study design and study population

117 In the present cross-sectional study carried out between September 2013 and January 2018, 

118 266 children aged 5-14 years with persistent asthma (cases) and 149 children without asthma 

119 (controls), were consecutively recruited as a part of the ongoing CHildhood ASthma and 

120 Environment Research Study - CHASER Study (ClinicalTrials.gov ID: NCT02433275), carried 

121 out at the outpatient clinic of Paediatric Allergology & Pulmonology of Institute of Research and 

122 Biomedical Innovation - National Research Council (IRIB - CNR) of Palermo, Italy. 

123 All children were clinically evaluated by well-trained physicians (VM, SLG, GF). 

124 Diagnosis of persistent asthma was performed according to Global Initiative for Asthma (GINA, 

125 www.ginasthma.org) (14) and exacerbations requiring emergency visits in the last 12 months were 

126 also collected. All outpatient children who did not receive an asthma diagnosis served as controls.

127 The study was approved by local Ethics Committee and all participants provided written 

128 informed consent.

129 Procedures

130 Both children with asthma and controls were assessed with the following procedures. 

131 Atopy was defined as at least one positive (wheal ≥3 mm) skin prick tests to a panel of common 

132 aeroallergens (Dermatophagoides mix, cat, dog, pellitory, olive, cypress, mixed grasses, 

133 alternaria). Asthma control status was determined according to GINA.

134 Parents or legal guardians were interviewed through a modified version of the Italian 

135 Studies on Respiratory Disorders in Children and the Environment (SIDRIA) questionnaire (15). 

136 Maternal and paternal education, parental history of asthma, breastfeeding, physical activity, and 

137 current indoor exposures (mold, pets and second-hand smoke) were obtained through the A
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138 questionnaires completed by parents. Rhino-conjunctivitis was defined as a positive answer to 

139 both the questions: “Have you ever had a problem with sneezing, or runny, or blocked nose apart 

140 from common cold or flu in the last 12 months?” and “In the past 12 months, has this nose 

141 problem been accompanied by itching and/or watering eyes?”. Eczema was defined as positive 

142 answers to both the following questions: “In the last 12 months, have you had an itchy rush which 

143 was coming and going for at least 6 months?” and “Has this itchy rush at any time affected any of 

144 the following places: folds of elbows, behind the knees, in front of the ankles, under the buttocks, 

145 or around the neck, ears, or eyes?”. The crowding index was defined as the total number of co-

146 residents per household, divided by the total number of rooms, excluding the kitchen and 

147 bathrooms. The Family Affluence Scale (FAS) was computed (16).

148 Children's dietary habits were assessed through a semi-quantitative 70-item Food Frequency 

149 Questionnaire (FFQ) filled in by parents during the visit. Details are provided in Appendix A – 

150 Methodological details.

151 Pulmonary function tests were performed. Respiratory impedance (Forced Oscillation 

152 Technique, FOT)  was measured using the Quark i2m® Forced Oscillation Measurement system 

153 (Cosmed, Italy) based on a pseudo-random noise signal between 4 and 48 Hz, according to the 

154 ATS/ERS recommendations (17). The mean value of three valid measurements was retained, Z-

155 scores were computed according to Calogero et al. (18). Spirometry was performed through a 

156 portable flow turbine spirometer (Pony FX portable spirometer, Cosmed, Italy), in accordance 

157 with ATS/ERS guidelines (19). The mean value of three valid measurements was retained; Z-

158 scores were computed according to Global Lung Initiative 2012 equations that account for age, 

159 sex, race/ethnicity, and height (20).

160 Dietary Inflammatory Index (DII)®

161 To reflect rapid increases in understanding of the role of inflammation and diet in health,   

162 Hébert et al. created the DII, which reflects a robust literature base and standardization of 

163 individual intakes to global reference values (21,22). In brief, the investigators reviewed and 

164 scored 1,943 articles linking inflammation to 45 individual food parameters published between 

165 1950 and 2010; points were then assigned to each parameter according to whether they increased 

166 (+1), decreased (-1), or had no effect (0) on six biomarkers of inflammation. An overall 

167 inflammatory effect score was then calculated for each food parameter (Table S1) (21), based on A
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168 the ratio of the total weighted number of articles to the weighted pro- and anti-inflammatory 

169 articles for that parameter, followed by subtracting the anti- from the pro-inflammatory fraction. 

170 Parameters with a number of weighted articles greater than the median of 236 were assigned the 

171 full value of that score. Parameters with a total article weight less than 236 were adjusted by 

172 dividing it by 236, and then multiplying this fraction by the previously defined inflammatory 

173 effect score. Dietary intake data were adjusted against a reference global daily mean and standard 

174 deviation intake for each parameter to obtain Z-scores and centered percentiles. The global intake 

175 data were based on consumption data from 11 countries worldwide. Z-scores were then converted 

176 to centered proportions, which were then multiplied by food parameter–specific inflammation 

177 effect score to obtain food parameter–specific DII scores. These were then summed to get the 

178 overall DII score. Since its inception, the DII has been applied in a wide variety of populations to 

179 study the association between a pro-inflammatory diet and chronic conditions and health outcomes 

180 (23).

181 In our study, intake for each nutrient was estimated from the FFQ administered in 

182 CHASER. Out of the 45 dietary parameters encompassed by the DII, 26 were available (Table 

183 S1): carbohydrates; proteins; fiber; cholesterol; total, saturated, monounsaturated (MUFA), and 

184 polyunsaturated fats (PUFAs); omega-3 and omega-6 PUFAs; niacin; vitamins A, B1, B2, B6, 

185 B12, C, D, and E; iron; magnesium; zinc; selenium; folic acid; β-carotene; and total energy. 

186 Higher scores indicate a pro-inflammatory diet, while lower scores indicate an anti-inflammatory 

187 diet.

188 Questionnaires for asthmatic children

189 Children with asthma completed the Childhood Asthma Control Test (C-ACT, age 5-11 

190 years) or Asthma Control Test (ACT, age 12-14 years) (24) for evaluating symptoms control, the 

191 Pediatric Asthma Quality of Life Questionnaire (PAQLQ) (25) to assess disease related quality of 

192 life, and the Pittsburgh Sleep Quality Index (PSQI) (26) for assessing sleep quality.  Higher 

193 ACT/C-ACT or PAQLQ scores represents better asthma control or better quality of life, while 

194 higher PSQI scores represent worse sleep quality.  

195

196 Statistical analysis A
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197 Data were presented as absolute and percentage frequencies or as mean and standard 

198 deviation. Differences of categorical variables were compared using the X2 test, quantitative 

199 variables were compared using the Kruskal Wallis test to avoid distributional assumptions. 

200 Pairwise p-values were adjusted using the Benjamini & Hochberg method. LCA was used for 

201 identifying asthma phenotypes, using the R poLCA package. The variables included in the LCA 

202 based on literature (11,12) were: ≥3 exacerbations in the last 12 months (yes or no), comorbidity 

203 (yes, when the co-occurrence of at least one disease among rhino-conjunctivitis, eczema was 

204 reported; no, otherwise), indoor exposure (yes, when current exposure to at least one among mold, 

205 pets and second-hand smoke was reported; no, otherwise), FEV1/FVC <95% (yes or no) as 

206 synthetic spirometry parameter, Z-score of the area under the reactance curve (AX) >1.64 (yes or 

207 no) as synthetic FOT parameter. Further methodological details are provided in the Supplementary 

208 Material. 

209 Three elastic net (EN) logistic regression models were used to identify the risk factors 

210 associated with latent class membership. In addition to DII, explanatory variables included in the 

211 models were: age (continuous variable); gender (male vs female); BMI (continuous variable); 

212 crowding index (continuous variable); maternal history of asthma (Y vs N); paternal history of 

213 asthma (Y vs N); maternal education level (>8 years vs ≤8 years); paternal education level (>8 

214 years vs ≤8 years); breastfeeding ≥3 months (Y vs N); atopy (Y vs N); physical activity >3 

215 times/week (Y vs N); and FAS (high/medium vs low).

216 The EN is a regularized regression method that linearly combines the L1 and L2 penalties, 

217 overcoming variable selection and multicollinearity problems. Although EN models are typically 

218 used for prediction, they can also be applied to make inference, ensuring good performances (27). 

219 Details concerning elastic net objective function are provided in the Supplementary Material. 

220 Although LASSO regression represents a very elegant and relatively widespread solution to carry 

221 out variable selection and parameter estimation simultaneously, as it is well known, it also exhibits 

222 some drawbacks deriving from the non-smoothness of the objective function. Consequently, some 

223 problems such as computation of standard errors may occur. In order to overcome these 

224 drawbacks and to carry out inference, the LASSO penalty was replaced with a new smooth version 

225 (IS-LASSO) in which the L1 penalty is replaced by a smooth approximation justified by the 

226 induced smoothing paradigm (28), as direct consequence of smoothing out the LASSO penalty, 

227 point estimates from IS-LASSO will never be exactly zero. Therefore, the model strategy applied A
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228 allows to include all available confounders. The elastic net logistic regression models were 

229 computed using the islasso R package (29). In the implemented algorithm the penalization 

230 term is defined as

231 𝜆(𝛼‖𝛽‖1 +
(1 ― 𝛼)

2
‖𝛽‖2

2)
232

233 where  and λ are the tuning parameters, 0≤ ≤1 and  =1 is the IS-LASSO penalty, and  =0  𝛼 𝛼 𝛼

234 implies the ridge penalty.  is the norm 1 of βs i.e.  and  is the norm 2 of βs i.e.‖𝛽‖1  ‖𝛽‖1 = ∑𝛽𝑖 ‖𝛽‖2
2  

235 . For each model, the best  was chosen based on Akaike Information Criterion (AIC) ‖𝛽‖2
2 = ∑𝛽2

𝑖 𝛼

236 minimization, while the best  was chosen using the cross-validation procedure. Estimates were 𝜆

237 expressed as log-odds ratios, and controls were used as the reference group. Probabilities of 

238 membership in Class 1 conditional to DII (for fixed values, average values for quantitative 

239 variables and reference group for categorical variables, of the other risk factors) were estimated as 

240 follows: 

241 𝑃(𝑌 = 𝐶𝑙𝑎𝑠𝑠 1│𝑋) =
1

1 + 𝑒 ―𝑋𝛽

242 Analyses were performed with R 3.6.2 software. A p-value lower than 0.05 was considered 

243 statistically significant.

244

245 Results 

246 Characteristics of study population 

247 Characteristics of the study population by DII level are summarized in Table 1. Physical 

248 activity was more frequent in children with a DII between -1.29 and 0.58.

249 Latent Class Analysis (LCA)

250 Figure S1 represents the AIC obtained by 5 models; the 2-class solution was chosen as the 

251 best given the lowest AIC. 

252 Figure 1 illustrates the two identified classes using the LCA. Class 1 (n=120, 45%) was 

253 labelled as “high burden” asthma. It was mainly composed of asthmatic children with ≥3 

254 exacerbations during the last 12 months (90%). All the children in this class had at least one 
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255 comorbidity; 53.8% had FEV1/FVC ≤95%. Moreover, 23.3% of children had Z-score AX >1.64, 

256 and 51.3% was subject to indoor exposures.

257 Class 2 (n=146, 55%) was labelled as “low burden” asthma. Only 3.4% of children in this 

258 class had ≥3 exacerbations during the last 12 months; 77.4% of children had at least one 

259 comorbidity, 54.9% was subject to indoor exposures, 33.5% had FEV1/FVC <95%, and 6.5% had 

260 Z-score AX >1.64.

261

262 Comparisons between LCA classes and controls 

263 Maternal history of asthma was more frequently observed in Class 1 than in Class 2 and 

264 controls. Children in Class 2 were younger. They had a higher crowding index and were more 

265 frequently atopic than children in Class 1 and controls (Table 2). Figure 2 reports the distribution 

266 of DII in LCA classes and controls. Children in Class 1 had a higher DII than children in Class 2. 

267 Children in Class 1 had more frequently persistent moderate/severe asthma with poorer control 

268 level, and they reported lower and higher scores of C-ACT and PSQI, respectively (Table 2). The 

269 distribution of children with FEV1 and FEV1/FVC below the LLN stratified by treatment 

270 assignment and latent class membership is shown in Figure S2.

271 Significant differences were observed for all the spirometry and FOT parameters between 

272 Class 1 and controls (Table 3). The FOT parameters were not significantly different between Class 

273 2 and controls. 

274

275 Multivariable analyses 

276  Results from the three elastic net logistic regression models are shown in Table 4. Risk 

277 factors associated with membership to Class 1 when compared to the control group (EN-Model 1) 

278 were: maternal history of asthma, atopy and DII. Likewise, risk factors associated with Class 2 

279 membership when compared to the control group (EN-Model 2) were: crowding index and atopy. 

280 The only risk factor significantly associated with membership to Class 1 when compared to Class 

281 2 was DII (EN-Model 3).

282 As the DII increased from -4.0 to +4.0 (as the diet becomes more pro-inflammatory), the 

283 probability of membership to Class 1 rather than to the control group (EN-Model 1) increased 

284 from 0.33 to 0.65, while the probability of membership to Class 1 rather than to Class 2 (EN-

285 Model 3) increased from 0.42 to 0.73 (Figure 3).A
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286

287 Discussion

288 In this study, we used LCA for a deeper characterization of childhood asthma at a 

289 phenotypic level. We identified two classes of children with persistent asthma with different 

290 disease burden (exacerbations, comorbidities and lung function) linked to indoor exposures. 

291 Additionally, we demonstrated the role of a pro-inflammatory diet as a risk factor for high asthma 

292 burden linked to indoor exposures.

293 Children in Class 1, “high burden”, had more frequently exacerbations and comorbidity 

294 and worse lung function parameters. Children in Class 2, “low burden”, had less exacerbations and 

295 less impaired lung function. Moreover, children in Class 1 had a higher DII score than children in 

296 Class 2. A higher DII score in this class suggests that a pro-inflammatory diet could contribute to a 

297 higher burden of asthma and is in agreement with a previous study in adults showing an 

298 association among DII score, increased systemic inflammation and lower lung function (30). 

299 Furthermore, the finding of more frequent comorbidity in this class is in line with previous data in 

300 children (31) highlighting that coexisting health conditions have a significant impact on 

301 individuals with asthma putting them at higher risk of exacerbations and healthcare utilization. 

302 Unsurprisingly, with respect to children in Class 2, children in Class 1 had more frequently 

303 persistent moderate/severe asthma with poorer control level and reported lower scores of C-ACT 

304 and higher scores of PSQI. This confirms that higher severity of asthma symptoms as well as 

305 lower level of control may lead to a higher burden of disease in these children (32) as also 

306 reflected by patients’ own perception of poor controlled symptoms (33) and sleep quality (34). 

307 The higher asthma burden in Class 1 is also evidenced by the significantly greater proportion of 

308 children with FEV1 and FEV1/FVC below LLN, who mostly were assigned an ICS+LABA 

309 controller therapy. Furthermore, our analysis of FOT parameters showed worse values in children 

310 in Class 1, suggesting the occurrence of a more pronounced inflammatory involvement of 

311 peripheral airways in this group. This finding provides additional evidence for the role of FOT in 

312 the phenotypic characterization of children with asthma.

313 Results from multivariable analyses allowed us to confirm the role of a high DII score as a 

314 risk factor for Class 1 membership. Moreover, we found that the probability of Class 1 

315 membership increased when the DII score increased, emphasizing that a pro-inflammatory diet A
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316 might be considered a key factor in the systemic inflammation of children with high burden of 

317 asthma. 

318 Literature evaluating the association between dietary exposures and asthma morbidity has 

319 provided mixed results. A previous population-based case–control study of Puerto Rican children 

320 did not find significant associations between dietary pattern (evaluated by means of a scoring 

321 system other than DII) and asthma exacerbations (35). These results are not consistent with our 

322 findings because the authors did not consider DII in their analyses; moreover, the outcome of 

323 interest was asthma exacerbations, which could be considered as a component of asthma burden. 

324 More recently, a cross-sectional study on Turkish adults with asthma showed a significant inverse 

325 correlation between DII computed on a 24-hour recall questionnaire and asthma control (36). 

326 Despite relevant differences in study population and design, these results are in line with our 

327 findings, highlighting the adverse effect of a pro-inflammatory diet on asthma control, which can 

328 be considered a component for asthma burden. 

329 When considering the burden of asthma linked to indoor exposures, our findings are in line 

330 with a previous U.S. study finding that a pro-inflammatory diet (higher omega-6 intake) was 

331 associated with amplified effect of indoor PM2.5 on asthma morbidity (more severe symptoms and 

332 reduced lung function) (13), although several differences in asthma definition (self-reported 

333 diagnosis), study population (minority schoolchildren, mostly with moderate/severe asthma), 

334 design and exposures assessment. In particular, the authors did not consider DII in their analyses; 

335 omega-3 and omega-6 intake were derived through dietary intake assessed weekly via a 

336 quantitative 7-day recall food frequency questionnaire. Similarly, a community-based survey on 

337 Portuguese schoolchildren reported that the exposure effect of PM2.5 and PM10 on those with 

338 asthma was higher for those having a pro-inflammatory diet compared to those having an anti-

339 inflammatory diet, as assessed through DII computed on a 24-hour recall questionnaire answered 

340 by children. Again, differences in asthma definition (medical diagnosis; medical diagnosis or 

341 positive bronchodilation (+BD); medical diagnosis with asthma symptoms or +BD; medical 

342 diagnosis and asthma treatment), study population (general population of schoolchildren), study 

343 setting (school) and exposures assessment have to be considered (7). It should be noted that in 

344 both the aforementioned studies, results were obtained on a small sample of children with asthma 

345 and therefore need to be confirmed in larger populations. A
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346 Our study has some limitations. We could not include data about local and/or systemic 

347 inflammation, although the endotype characterization of this population of children goes beyond 

348 the aims of the current study. Children's dietary habits were based on a semi-quantitative FFQ, 

349 consisting of a year based pre-specified food list and serving size, which may not exactly reflect 

350 each child's eating pattern at the time of compilation. However, a longitudinal study reported that 

351 the DII is relatively constant over long periods (37). Moreover, misclassification of food 

352 frequency consumption by the participants’ parents might have been occurred due to recall bias. 

353 Nonetheless, parental report of FFQ among children has been shown to be accurate (38). Out of 

354 the 45 DII food parameters, only 26 were available in the current study population; however, we 

355 were able to include in our analyses data about some of the most relevant macro and 

356 micronutrients for which a role in asthma has been described (39). Another limitation is the cross-

357 sectional design; based on our current findings, future studies with a longitudinal design will be 

358 important to address the temporal sequence of exposure and outcome. Convenience sampling may 

359 impose various types of bias; however, consecutive sampling includes all patients who are 

360 accessible within the defined study time period, and the resulting sample is thus more likely to 

361 represent the target population than samples resulting from other convenience sampling schemes 

362 (40). Finally, our findings in Italian children may limit the generalizability of the current study 

363 results in other populations.

364 At the same time, this study has considerable strengths, including a large sample of well 

365 characterized children with persistent asthma. Furthermore, the current study benefited from an 

366 advanced statistical analysis, applying unsupervised methods by using LCA. LCA offers the 

367 advantage that respondents are assigned into classes based on their characteristics, without any 

368 interference from the researcher. Although our results do not provide a comprehensive 

369 characterization of persistent asthma phenotypes in children, they contribute to provide some 

370 insight into the potential role of dietary habits in increasing the overall burden of the disease. An 

371 additional strength is that we applied three elastic net logistic regression models to investigate 

372 which independent variables influenced LC membership. Indeed, such models combine LASSO 

373 penalty with ridge penalty, allowing variable selection and avoiding multicollinearity problems at 

374 the same time. Moreover, using the IS-LASSO estimator allowed us to estimate parameter 

375 uncertainty and consequently to make inference. 
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376 The relationship between DII, as a novel marker of dietary inflammation, with asthma 

377 outcomes, has not been fully clarified so far. Children with asthma are highly vulnerable to 

378 modifiable environmental exposures such as diet and pollution that may concur to worsen asthma 

379 morbidity. Therefore, it is critical to thoroughly examine the role of diet in the context of 

380 environmental exposures linked to asthma morbidity. The current study identified two classes of 

381 children with persistent asthma with different disease burden (exacerbations, comorbidities and 

382 lung function) linked to indoor exposures, providing further support to the role of a pro-

383 inflammatory diet as a risk factor for higher asthma burden in children. Longitudinal studies are 

384 needed to confirm our results over time in order to evaluate whether change toward healthier 

385 dietary patterns improves asthma outcomes. The prospective evaluation would also give the 

386 opportunity to assess whether controller therapy may have an impact on the relationship between 

387 DII and asthma burden over time. Lastly, given the multidimensional nature of asthma, a 

388 comprehensive approach considering both dietary and indoor air exposures should be encouraged 

389 in order to improve the burden of disease in children.

390

391
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484

485 Figure 1. Asthma characteristics and response probabilities among the two latent classes. 

486 Legend: The figure illustrates the two classes identified by means of LCA. The proportion of each 

487 variable in each class is represented with a color scale spanning from white (0%) to red (100%).

488 Figure 2. Distribution of DII score in controls and classes

489 Figure 3. Estimated probabilities of asthma class by DII score

490 Legend: Probability curves for the class 1 membership with variation in DII based on model 1 (left 

491 panel) and model 3 (right panel)
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508 Table 1. Subject characteristics by DII level expressed as tertiles.

 

DII 1st 

tertile

DII 2nd

tertile

DII 3rd 

tertile
p-value

≤ -1.29 -1.29-0.58 >0.58

n 136 137 141  

Age, years 9.19 ± 2.58 9.21 ± 2.30 9.28 ± 2.40 0.892

Gender: Male 87 (63.97) 94 (68.61) 93 (65.96) 0.718

BMI, Kg/m2 22.70 ± 8.18 22.72 ± 7.88 22.81 ± 8.44 0.976

Physical activity (>3 times/week) 74 (54.41) 82 (60.29) 60 (43.80) 0.022

Maternal history of asthma 21 (15.79) 20 (14.60) 22 (15.94) 0.945

Paternal history of asthma 25 (18.52) 26 (18.98) 17 (12.32) 0.253

Maternal education level (>8 years) 112 (82.96) 114 (83.21) 114 (82.61) 0.991

Paternal education level (>8 years) 106 (79.10) 101 (74.26) 107 (78.68) 0.574

Atopy, Y/N 94 (83.19) 101 (84.17) 97 (78.23) 0.436

Crowding Index 1.11 ± 0.43 1.07 ± 0.56 1.04 ± 0.44 0.307

Breastfeeding (≥3 months), Y/N 89 (71.20) 77 (61.11) 90 (69.23) 0.195

FAS    0.549

   Low 21 (18.10) 21 (16.80) 13 (10.66)  

   Medium 62 (53.45) 67 (53.60) 69 (56.56)  

   High 33 (28.45) 37 (29.60) 40 (32.79)  

509 Data are expressed as n (%) or mean ± SD, DII: Dietary Inflammatory Index. FAS: Family 

510 Affluence Scale. p-values come from Kruskal-Wallis test for quantitative variables and X2 test for 

511 categorical variables; p-values in bold are significant. 

512
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513 Table 2. Comparison of demographic and clinical characteristics among controls and LCA classes.

514

 controls Class 1 Class 2 p-value Class 1 vs 

controls

Class 2 vs 

controls

Class 2 vs 

Class 1

n 149 120 146  

Age, years 9.70 ± 2.60 9.13 ± 2.38 8.84 ± 2.21 0.017 0.129 0.006 0.589

Gender: Male 92 (61.74) 81 (67.50) 101 (69.18) 0.372 0.592 0.592 0.873

BMI, Kg/m2 23.17 ± 8.29 22.52 ± 7.86 22.52 ± 8.27 0.673 0.791 0.773 1.000

DII 0.01 ± 1.89 0.26 ± 2.00 -0.31 ± 1.84 0.065 0.555 0.308 0.042

Physical activity (>3 times/week) 83 (56.85) 56 (47.46) 77 (52.74) 0.315 0.489 0.557 0.557

Maternal history of asthma 14 (9.46) 26 (22.22) 24 (16.67) 0.016 0.020 0.147 0.329

Paternal history of asthma 21 (14.19) 27 (23.08) 20 (13.70) 0.079 0.132 1.000 0.132

Maternal education level (>8 years) 125 (84.46) 96 (81.36) 120 (82.76) 0.797 0.894 0.894 0.894

Paternal education level (>8 years) 116 (78.91) 88 (75.21) 111 (77.62) 0.773 0.902 0.902 0.902

Atopy, Y/N 79 (68.10) 99 (84.62) 114 (91.20) <0.001 0.007 <0.001 0.168

Crowding Index 0.99 ± 0.41 1.06 ± 0.57 1.17 ± 0.45 <0.001 0.455 0.006 0.194

FAS 0.483 0.576 0.576 0.576

   Low 17 (12.88)   19 (17.76) 19 (15.20) 

   Medium 69 (52.27) 56 (52.34) 74 (59.20)

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

   High 46 (34.85) 32 (29.91) 32 (25.60)  

Persistent Asthma 0.034

   Mild n/a 79 (65.83) 114 (78.08)

   Moderate/Severe n/a 41 (34.17) 32 (21.92)

GINA Control   0.001

   Controlled n/a 27 (22.50) 56 (39.44)  

   Partially controlled/Uncontrolled n/a 93 (77.50) 86 (60.56)  

Asthma duration (yrs) n/a 4.75 ± 3.01 4.39 ± 2.91 0.357

Assigned treatment 0.001

   ICS§ n/a 90 (75.00) 127 (86.99)

   ICS-LABA n/a 30 (27.02) 19 (16.67)

Median ICS dose μg·day−1§ n/a 200.00 (150.00) 100.00 (100.00) <0.001

Emergency visits* n/a 25 (22.32) 17 (14.91) 0.207

C-ACT/ACT total score n/a 17.12 ± 4.44 18.53 ± 3.77 0.011

   C-ACT/ACT ≤19 n/a 77 (65.81) 61 (55.96) 0.167

PAQLQ total score n/a 5.21 ± 1.22 5.37 ± 1.32 0.469

   PAQLQ ≤5 n/a 30 (40.54) 25 (37.31) 0.826

PSQI total score n/a 5.37 ± 2.39 4.73 ± 2.08 0.048

   PSQI ≥5 n/a 61 (59.80) 47 (50.54) 0.248
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515 Data are expressed as n (%) or mean ± SD, *last 12 months; C-ACT: Childhood-Asthma Control Test; FAS: Family Affluent Scale; ICS: Inhaled 

516 Corticosteroids; LABA: Long-Acting Beta Agonists; DII: Dietary Inflammatory Index; PAQLQ: Pediatric Asthma Quality of Life Questionnaire; 

517 PSQI: Pittsburgh Sleep Quality Index. p-values come from Kruskal-Wallis test for quantitative variables and from X2 for categorical variables; p-

518 values in bold are significant ; pairwise p-values were adjusted using Benjamini & Hochberg method.
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Table 3 Comparison of spirometry and Forced Oscillation Technique (FOT) parameters among controls and LCA classes.

 controls Class 1 Class 2 p-value Class 1 vs 

controls

Class 2 vs 

controls

Class 2 vs 

Class1

n 149 120 146  

Spirometry parameters

FEV1 1.97 ± 0.65 1.72 ± 0.63 1.75 ± 0.53 <0.001 0.003 0.008 0.886

  Z-score FEV1 0.19 ± 1.94 -0.35 ± 1.61 -0.20 ± 1.24 0.014 0.019 0.103 0.723

FVC 2.23 ± 0.77 2.06 ± 0.76 2.02 ± 0.63 0.030 0.121 0.033 0.906

  Z-score FVC 0.15 ± 1.82 0.09 ± 1.57 -0.01 ± 1.35 0.986 0.945 0.676 0.881

FEV1/FVC 0.89 ± 0.07 0.84 ± 0.08 0.87 ± 0.07 <0.001 <0.001 0.064 0.009

  Z-score FEV1/FVC 0.04 ± 1.15 -0.71 ± 1.23 -0.28 ± 1.20 <0.001 <0.001 0.054 0.013

FEF25-75 2.31 ± 0.88 1.82 ± 0.79 1.96 ± 0.70 <0.001 <0.001 0.001 0.346

  Z-score FEF25-75 -0.32 ± 1.32 -0.94 ± 1.21 -0.63 ± 0.93 <0.001 <0.001 0.064 0.082

FOT parameters

Rrs6 5.73 ± 2.36 6.91 ± 2.30 6.04 ± 1.90 <0.001 <0.001 0.458 0.004

  Z-score Rrs6 -0.50 ± 1.40 0.27 ± 1.34 -0.26 ± 1.38 <0.001 <0.001 0.278 0.005

Rrs8 5.47 ± 2.10 6.62 ± 2.15 5.91 ± 1.88 <0.001 <0.001 0.157 0.013

  Z-score Rrs8 -0.59 ± 1.39 0.22 ± 1.32 -0.25 ± 1.46 <0.001 <0.001 0.102 0.019
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Rrs10 5.28 ± 1.97 6.41 ± 2.05 5.74 ± 1.79 <0.001 <0.001 0.104 0.015

  Z-score Rrs10 -0.48 ± 1.45 0.36 ± 1.34 -0.12 ± 1.51 <0.001 <0.001 0.073 0.020

Xrs6 -2.03 ± 1.14 -2.66 ± 1.44 -2.31 ± 2.67 <0.001 0.021 0.416 0.303

  Z-score Xrs6 0.14 ± 1.01 -0.41 ± 1.25 -0.04 ± 2.14 <0.001 0.012 0.568 0.138

Xrs8 -1.63 ± 1.06 -2.28 ± 1.29 -1.85 ± 1.97 <0.001 0.002 0.448 0.054

  Z-score Xrs8 0.09 ± 0.96 -0.52 ± 1.16 -0.07 ± 1.79 <0.001 0.001 0.582 0.018

Xrs10 -1.34 ± 1.07 -2.00 ± 1.26 -1.59 ± 1.74 <0.001 <0.001 0.299 0.042

  Z-score Xrs10 0.26 ± 0.96 -0.35 ± 1.11 0.07 ± 1.61 <0.001 <0.001 0.417 0.018

AX 19.11 ± 21.71 31.79 ± 24.15 22.66 ± 34.33 <0.001 0.001 0.508 0.020

  Z-score AX -0.26 ± 1.22 0.60 ± 1.31 -0.04 ± 1.52 <0.001 <0.001 0.351 0.001

FRES 20.00 ± 6.72 24.57 ± 7.62 21.87 ± 6.62 <0.001 <0.001 0.056 0.005

  Z-score FRES -0.31 ± 1.20 0.49 ± 1.39 -0.01 ± 1.24 <0.001 0.464 0.657 0.934

Data are expressed as n (%) or mean ± SD. AX: area under the reactance curve; BDR: bronchodilator response; FEV1: forced expiratory volume in 1 s; FRES: resonant 

frequency; FVC: forced vital capacity; FEF25-75: forced expiratory flow at 25–75% of the FVC; LLN: lower limit of normal. Rrs6: resistance at 6 Hz; Rrs8: resistance at 8 

Hz; Rrs10: resistance at 10 Hz;  Xrs6: reactance at 6 Hz; Xrs8: reactance at 8 Hz; Xrs10: reactance at 10 Hz;  p-values come from Kruskal-Wallis test for quantitative 

variables and from X2 for categorical variables; p-values in bold are significant; pairwise p-values were adjusted using Benjamini & Hochberg method.

*According to C. Calogero et al., Respiratory impedance and bronchodilator responsiveness in healthy children aged 2–13 years, Pediatr. Pulmonol. 48 (2013) 707–715

Table 4. Elastic net regression models: risk factors for class membership.
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 MOD 1: Class1 vs controls MOD 2: Class 2 vs controls MOD 3: Class 1 vs Class 2

 Estimate Std. Error p-value Estimate Std. Error p-value Estimate Std. Error p-value

(Intercept) 0.678 0.762 0.373 -0.069 0.82 0.933 -0.13 0.762 0.864

Age (unit increase) -0.171 0.091 0.06 -0.269 0.1 0.007 0.078 0.093 0.402

Gender: Male 0.129 0.216 0.551 7.62e-06 0.000287 0.979 -4.49e-11 2.59e-09 0.986

BMI (unit increase) 0.022 0.028 0.426 0.042 0.028 0.142 -0.009 0.027 0.745

Crowding Index (unit increase) 0.21 0.213 0.325 0.693 0.319 0.03 -1.10e-04 0.004 0.978

Maternal History of asthma, Y/N 0.444 0.225 0.049 6.79e-06 0.000260 0.979 0.213 0.334 0.524

Paternal History of Asthma, Y/N 0.152 0.222 0.495 -5.59e-06 0.000245 0.982 0.388 0.325 0.232

Maternal education level (>8 years) -0.252 0.215 0.241 -5.31e-06 0.000243 0.983 -2.09e-09 7.47e-08 0.978

Paternal education level (>8 years) -0.056 0.212 0.79 3.67e-06 0.000239 0.988 -2.24e-04 0.008 0.978

Breastfeeding (≥3 months), Y/N 0.26 0.218 0.233 -0.103 0.296 0.727 0.584 0.301 0.052

Atopy, Y/N 0.61 0.22 0.005 1.298 0.368 <0.001 -0.819 0.431 0.058

Physical activity (>3 times/week) -0.463 0.213 0.03 -0.042 0.293 0.885 -0.314 0.263 0.231
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Estimates are expressed as log-odds ratio.

DII (unit increase) 0.169 0.083 0.042 -0.03 0.089 0.734 0.164 0.079 0.038

FAS: Medium vs Low -0.045 0.199 0.82 -2.81e-09 0.000239 1 -0.061 0.294 0.835

FAS: High vs Low -0.233 0.197 0.236 -0.065 0.305 0.831 -2.95e-11 2.42e-09 0.99

α 0 0.70 0.80

λ 4.87   3.55   1.98   
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Supplementary material 

Appendix A – Methodological details 

Food frequency questionnaire 

Children's dietary habits, quantities and kind of foods and beverages consumed over the previous 

year, were based on answers to a semi-quantitative food frequency questionnaire (FFQ), specifically 

developed for the current study. The questionnaire was filled in by parents and checked for 

incongruence and missing items by trained personnel during the visit.  

The questionnaire consisted of 70 food/beverage items plus 5 questions on specific dietary 

habits (cooking method, frequency of eating at fast food, meal frequencies, supplements use, salt 

addiction); for each of them, parents were asked to indicate his/her child self-estimated consumption 

frequency (“never eat”, “1 time/month”, “2-3 times/month”, “1 time/week”, “2-3 times/week”, “4-6 

times/week”, “1 time/day”, “2-3 times/day”, “≥4 times/day”), and the portion size. A reference 

standard portion [1] estimated in household measure, weight or unit, was included to aid caregivers 

in estimating the portion sizes of the food items in the FFQ using the following options: less than 

(<50% of the reference portion), equal, or more than (>50% of the reference portion). Questions on 

seasoning and food preparation were also included. 

The food groups included in the FFQ were: cereal products (bread, pasta, rice, corn flour, 

cereal breakfast, pizza, etc.), vegetables (divided into cooked, raw vegetables, potatoes, pulses, etc.), 

fruit (fruit rich in vitamin C, other fresh fruits, nuts, dried fruit, canned fruit), meat and meat products, 

fish and fish products, eggs, soy and meat substitute products, dairy products (categories of cheese, 

milk and yoghurt), spreadable products, cakes and snacks, beverages (water, soft drink, dietetic 

beverages, fruit juices, coffee and similar). 

Quantification and analysis of the energy intake and nutrient composition were performed 

considering the portion size and the frequency of consumption of each food and beverage included in 



the FFQ. Nutritional information was obtained from the Italian Food Composition Tables (FCTs) of 

the European Institute of Oncology 2015 [2]. 

Statistical Analysis  

Latent Class Analysis (LCA) 

The latent class model was obtained by maximizing, with respect to !"	and $%"&, the following 

log-likelihood function: 

ln ) =+,-
.

/01

+!"22$%"&3456
75

&01

8

%01

9

"01

 

where J indicates polytomous categorical variables (“manifest" variables), each containing Kj  

possible outcomes, for individuals i = 1…N;  :/%&  denotes observed values of J manifest variables 

such that :/%& = 1 if the respondent i gives the k-th response to the j-th variable, and :/%& = 0  

otherwise; $%"& denotes class-conditional probability that an observation in class r = 1….R produces 

the k-th outcome on the j-th variable and !" indicates R mixing proportions. 

All associations among included variables are assumed as entirely due to distinct 

subpopulations called latent classes. Within these classes, all variables are assumed to be independent. 

Akaike Information Criterion (AIC) [4,5] was computed in order to select the best number of classes. 

The identified classes were compared with children without asthma using the Chi-squared test or 

Kruskal-Wallis test. 

Elastic net models 

The elastic net is a regularized regression method that linearly combines the L1 and L2 

penalties of the LASSO and ridge methods [6]. LASSO is a regression analysis method that performs 

both variable selection and regularization [7] whereas, ridge penalty is employed when problems with 

multicollinearity occurs [8]. The objective function to be minimized is the following: 

argmin
B

‖D − FG‖ + I1‖G‖1 + IJ‖G‖JJ 



 

where I1‖G‖1 is the L1 penalty (LASSO) and IJ‖G‖JJ the L2 penalty (ridge). 
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Appendix B – Questionnaires 

Questionnaire for socio-demographic and clinical information:  

1. Gender: M   F 
2. Date of Birth: _______ 
3. Weight 
4. Height 
5. Breastfeeding (≥ 3 months) 
6. Does anyone smoke in the presence of the child? (No; Yes) 
7. Does the child currently have a dog or cat in the house? (No; Yes) 
8. In the room where your child sleeps, has he ever noticed damp spots or molds or fungi on the 

walls or ceilings? (No; Yes) 
9. Father's degree: 

� Elementary School / None 
� Middle School 
� High School 
� University / Higher Degree 

10. Mother's degree: 
� Elementary School / None 
� Middle School 
� High School 
� University / Higher Degree 

11. Number of co-residents  
12. Number of rooms  
13. Does your family own a car, van or truck? (No; One ;Two or more) 
14. Own bedroom: do you have your own bedroom for yourself? (No; Yes) 
15. During the past 12 months, how many times did you travel abroad on holiday with your 

family? (Never; Once; Two or more) 
16. how many computers does your family own? (None; One; Two or more). 
17. Asthma: Father (No; Yes) 
18. Asthma: Mother (No; Yes) 
19. Have you ever had a problem with sneezing, or runny, or blocked nose apart from common 

cold or flu in the last 12 months? (No; Yes) 
20. In the past 12 months, has this nose problem been accompanied by itching and/or watering 

eyes? (No; Yes) 
21. In the last 12 months, have you had an itchy rush which was coming and going for at least 6 

months? (No; Yes) 
22. Has this itchy rush at any time affected any of the following places: folds of elbows, behind 

the knees, in front of the ankles, under the buttocks, or around the neck, ears, or eyes? (No; 
Yes)  
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 AVERAGE CONSUMPTION DURING THE LAST YEAR  QUANTITY 
  

Never  
1 

time/mo
nth 

2 - 3 
time
s/mo
nth 

1 
time
/wee

k 

2-3 
time
s/we
ek 

4 - 6 
time
s/we
ek 

1 
time
/day 

2-3 
time
s/da

y 

4 
time
s/da
y or 
more 

The 
standard 
portion 

is: 

Compared to the 
standard portion 

indicated, your child's 
portion is: 

            less equal greater 

 CEREAL BASED PRODUCTS 
1 Bread or Roll-bread 

white  O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 medium 
slice or 1 

little 
rollbread 

�1 �2 �3 

2 Bread or Roll-bread 
whole O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 medium 
slice or 1 

little 
rollbread 

�1 �2 �3 

3 Cracker, bread sticks, 
rusks white  O0 O1 O2 O3 O4 O5 O6 O7 O8 

30g o  
4 pieces �1 �2 �3 

4 Cracker, bread sticks, 
rusks whole O0 O1 O2 O3 O4 O5 O6 O7 O8 

30g o  
4 pieces �1 �2 �3 

5 Pasta or rice rafinated 
with tomato sauce  O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 med. 
port. 
(80g) 

�1 �2 �3 

6 Pasta or rice rafinated 
with legumes or 
vegetables 

O0 O1 O2 O3 O4 O5 O6 O7 O8 40 g* �1 �2 �3 

7 Whole pasta or rice with 
tomato sauce 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 med. 
port. 
(80g) 

�1 �2 �3 

8 Whole pasta or rice with 
legumes or vegetables O0 O1 O2 O3 O4 O5 O6 O7 O8  40 g* �1 �2 �3 

9 
Egg pasta O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 little 
portion 
(120 g) 

�1 �2 �3 

10 Filled pasta (tortellini, 
ravioli, agnolotti) O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 little 
portion 
(120 g) 

�1 �2 �3 

11 Breakfast cereals with sugar 
added, muesli (cornflakes, 
with chocolate, with honey) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 30 g �1 �2 �3 

12 Whole wheat flakes, puffed 
rice, unsweetened flakes 
or oatmeal 

O0 O1 O2 O3 O4 O5 O6 O7 O8 30 g �1 �2 �3 

13 Polenta, semolina, cous-
cous, corn flour O0 O1 O2 O3 O4 O5 O6 O7 O8 80 g �1 �2 �3 

14 Pizza Margherita O0 O1 O2 O3 O4 O5 O6 O7 O8 1 pizza �1 �2 �3 

*the quantity refers only to the pasta or rice  
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 AVERAGE CONSUMPTION DURING THE LAST YEAR  QUANTITY 
  

Never  
1 

time/mo
nth 

2 - 3 
times
/mon

th 

1 
time/
week 

2-3 
times
/wee

k 

4 - 6 
times
/wee

k 

1 
time/
day 

2-3 
times
/day 

4 
times
/day 
or 

more 

The 
standard 
portion 

is: 

Compared to the 
standard portion 
indicated, your 

child's portion is: 
            less equal greater 

15 Hot dog, hamburger 
sandwich, kebab, roll bread 
stuffed with cheese, meat, 
vegetables,… tortilla or wraps, 
falafel, NOT home made  

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 piece �1 �2 �3 

 VEGETABLES 

16 Legumes (beans, 
chickpeas, lentils, peas, 
broad beans,…) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 ladle �1 �2 �3 

17 Cooked potatoes not 
fried O0 O1 O2 O3 O4 O5 O6 O7 O8 

2 little 
potatoes 

(200g) 
�1 �2 �3 

18 Fried potatoes, potato 
croquettes O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 little 
port., 2 

croquettes 
�1 �2 �3 

19 Vegetables / cooked 
vegetables (spinach, carrots, 
pumpkin, savoy cabbage, 
courgettes, cabbage, broccoli, 
green beans, aubergines, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 200g �1 �2 �3 

20 Raw vegetables / vegetables 
(carrots, fennel, tomatoes, 
cucumbers, ...) O0 O1 O2 O3 O4 O5 O6 O7 O8 

2 carrots, 
1 fennel 
(200g) 

�1 �2 �3 

21 Leafy salads (lettuce, 
rocket, endive, escarole, 
...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 plate 
(80g) �1 �2 �3 

 FRUIT 

22 Fresh fruit rich in vitamin 
C, also squeezed (oranges, 
kiwis, mandarins, 
grapefruit, strawberries) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 fruit 
 (150g) �1 �2 �3 

23 Other fresh fruit  (apple, 
pear, banana, melon, 
grape, peach,…) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 fruit, 
1 slice,1 

grape 
(150g) 

�1 �2 �3 

24 Nuts (walnuts, hazelnuts, 
almonds) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

6-7 
walnuts, 

15 
hazelnuts 

(30g) 

�1 �2 �3 

25 Dried fruit (plums, dried 
apricots, dried figs,…)  O0 O1 O2 O3 O4 O5 O6 O7 O8 

circa 2 
apricots 
or 2 figs 
(30g) 

�1 �2 �3 

26 Canned fruit (pineapple, 
peaches,…) O0 O1 O2 O3 O4 O5 O6 O7 O8 

2 slices 
or 2 half 
peaches 
(150g) 

�1 �2 �3 

27 Olives, green or black  O0 O1 O2 O3 O4 O5 O6 O7 O8 4 �1 �2 �3 

 MEAT 
28 Red meat (veal, pork, 

lamb) roasted, in the 
oven, without breading 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 little 
slice 

(100 g) 
�1 �2 �3 
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 AVERAGE CONSUMPTION DURING THE LAST YEAR  QUANTITY 

  

Never  
1 

time/mo
nth 

2 - 3 
time
s/mo
nth 

1 
time
/wee

k 

2-3 
time
s/we
ek 

4 - 6 
time
s/we
ek 

1 
time
/day 

2-3 
time
s/da

y 

4 
time
s/da
y or 
more 

The 
standard 
portion 

is: 

Compared to the 
standard portion 
indicated, your 

child's portion is: 

            less equal  greater 

 MEAT 
29 Red meat (veal, pork, 

lamb) roasted, baked, 
fried (cutlet, escalope) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 slice 
(100 g) �1 �2 �3 

30 White meat (chicken, 
turkey, rabbit) roasted, in 
the oven, without 
breading 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 slice, 
2 thighs 
(100 g) 

�1 �2 �3 

31 White meat (chicken, 
turkey, rabbit) roasted, 
baked, fried (cutlet, 
fried chicken wings) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 slice, 
2 thighs  
(100 g) 

�1 �2 �3 

32 Salami and sausages 
(raw ham, cooked ham, 
salami, mortadella, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

3-4 
medium 

slice 
(50g) 

�1 �2 �3 

33 Pre-cooked or industrially 
produced meats (cordon 
bleu, spinach, chicken 
croquettes, sausage, 
canned meat, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 piece 
(90 g) �1 �2 �3 

34 Offal (liver, heart, tripe, 
brain) O0 O1 O2 O3 O4 O5 O6 O7 O8 

 

1 slice 
(100 g) 

�1 �2 �3 

 FISH AND SEAFOOD 
35 "Lean" fish (cod, sole, 

anchovies, octopus, 
cuttlefish, trout, sea bass, 
perch), Crustaceans and 
molluscs (mussels, clams, 
shrimps) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 150 g �1 �2 �3 

36 "Fatty" fish (salmon, 
tuna, swordfish, 
mackerel, red snapper) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 150 g �1 �2 �3 

37 Canned fish (tuna in oil, 
salmon in oil) O0 O1 O2 O3 O4 O5 O6 O7 O8 70 g �1 �2 �3 

38 Breaded, pre-cooked or 
industrially produced 
fish (fish sticks, fish 
cutlets, croccole, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 70 g �1 �2 �3 
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 AVERAGE CONSUMPTION DURING THE LAST YEAR  QUANTITA’ 

  

Never  
1 

time/mo
nth 

2 - 3 
time
s/mo
nth 

1 
time
/wee

k 

2-3 
time
s/we
ek 

4 - 6 
time
s/we
ek 

1 
time
/day 

2-3 
time
s/da

y 

4 
time
s/da
y or 
more 

The 
standard 
portion 

is: 

Compared to the 
standard portion 
indicated, your 

child's portion is: 

            less Equal greater 

 EGGS AND MAYONNAISE 
39 Eggs O0 O1 O2 O3 O4 O5 O6 O7 O8 one �1 �2 �3 

40 
 

Mayonnaise and other 
mayonnaise based 
products  (rose sauce…) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 tbsp �1 �2 �3 

 MEAT SUBSTITUTE PRODUCTS AND SOYBEAN BASED PRODUCTS 
41 Tofu, tempeh, soy 

steak, soy burger O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 
hamburger
1 portion 

�1 �2 �3 

42 Soy milk O0 O1 O2 O3 O4 O5 O6 O7 O8 1  glass �1 �2 �3 

 MILK, DAIRY PRODUCTS, CHEESES 
43 Unsweetened whole or 

low-fat milk O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 glass 

�1 �2 �3 

44 Sweetened whole or 
low-fat milk (with 
sugar, honey, cocoa, 
Nesquik ®, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

45 Unsweetened whole or 
low-fat yogurt O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 cup 
�1 �2 �3 

46 Sweetened whole or 
low-fat yogurt and 
milk-based drinks 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 cup �1 �2 �3 

47 Probiotic yogurt with 
added lactobacilli 
(Actimel ®, Activia ®, 
Yakult ®, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 cup, 1 
bottle �1 �2 �3 

48 Fresh cheese and dairy 
products (Ricotta, 
Mozzarella, Scamorza, Fior 
di latte) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 100 g �1 �2 �3 

49 Spreadable and aged 
cheeses (Caciocavallo, 
Caciotta, Emmenthal, 
Fontina, Parmesan, Bel 
Paese, Gruyere, Grana or 
Provolone, Stracchino, 
Formaggini, Philadelphia) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 50 g �1 �2 �3 

50 Grated cheese O0 O1 O2 O3 O4 O5 O6 O7 O8 1 tbsp  �1 �2 �3 

 SPREADABLE PRODUCTS 
51 Jam or honey O0 O1 O2 O3 O4 O5 O6 O7 O8 1 tbsp �1 �2 �3 

52 Chocolate and hazelnut 
cream (Nutella ®) O0 O1 O2 O3 O4 O5 O6 O7 O8 1 tbsp �1 �2 �3 

53 Butter or margarine on 
bread O0 O1 O2 O3 O4 O5 O6 O7 O8 1 knob �1 �2 �3 

54 Ketchup (also on chips 
and sandwiches) O0 O1 O2 O3 O4 O5 O6 O7 O8 1 tbsp �1 �2 �3 
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 AVERAGE CONSUMPTION DURING THE LAST YEAR  QUANTITA’ 

  
Never  

1 
time/mo

nth 

2 - 3 
times
/mon

th 

1 
time/
week 

2-3 
times
/wee

k 

4 - 6 
times
/wee

k 

1 
time/
day 

2-3 
times
/day 

4 
times
/day 
or 

more 

The 
standard 
portion 

is: 

Compared to the 
standard portion 
indicated, your 

child's portion is: 
            less equal greater 

 BISCOTTI, DESSERT, SNACK 
55 Cookies    O0 O1 O2 O3 O4 O5 O6 O7 O8 4-5 �1 �2 �3 

56 Ice cream (packaged or 
handcrafted)  O0 O1 O2 O3 O4 O5 O6 O7 O8 1 piece �1 �2 �3 

57 Savory snacks (chips, 
pizzas, popcorn,…) O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 little 
pack or 1 

piece 
�1 �2 �3 

58 Sweet snacks (snacks, 
pastries, puddings, 
croissants, cakes, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 

1 piece 
or 

1 slice 
�1 �2 �3 

59 Chocolate snacks, bars 
(mars ®, Kitkat ®, 
Duplo ®, chocolate 
bars, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 
1 piece 

or 1 tbsp �1 �2 �3 

60 Candies O0 O1 O2 O3 O4 O5 O6 O7 O8 1 -2  �1 �2 �3 

 BEVERAGES  
61 Water (tap, sparkling, 

natural) O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

62 Fruit juices O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

63 Carbonated soft drinks 
(coca cola, oransoda, 
sprite, …) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

64 Carbonated soft drink 
light (coca cola light, 
oransoda light, …) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

65 Non-carbonated soft 
drink (iced tea), syrups 
(orgeat, mint, black 
cherry, ...), sports 
drinks (gatorade ®, 
powerade ®, ...) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

66 Non-carbonated soft 
drink light(ice tea 
light,Gatorade light ®, 
Misura®,…) 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 glass �1 �2 �3 

67 Coffee and similar 
(coffee, nescafè ®,…) 
WITH SUGAR 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 little cup �1 �2 �3 

68 Coffee and similar 
(coffee, nescafè ®,…) 
WITHOUT SUGAR 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 little cup �1 �2 �3 

69 Tea, herbal teas and 
similar WITH SUGAR or 
honey 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 cup �1 �2 �3 

70 Tea, herbal teas and 
similar WITHOUT 
SUGAR or honey 

O0 O1 O2 O3 O4 O5 O6 O7 O8 1 cup �1 �2 �3 
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Indicate for each of the cooking methods, what type of fat you usually use (NB: indicate only one type of fat 
for each type of cooking) 

  Butter  Margarine 
Olive 
oil(also 

extravirgin) 
Peanut oil Other 

seed oils 

71 Fried food O1 O2 O3 O4 O5 

72 Sauces on pasta O1 O2 O3 O4 O5 

73 Baked foods O1 O2 O3 O4 O5 

74 Meat, fish or vegetables cooked in a pan O1 O2 O3 O4 O5 

75 Raw vegetables O1 O2 O3 O4 O5 

76 Cooked vegetables (boiled) O1 O2 O3 O4 O5 

77 House-made cakes O1 O2 O3 O4 O5 
 

 
78. How often does your child eat at a fast food restaurant (McDonald's, etc.) or at kiosks or 
street vendors? 

Never/ Rarely 2 - 3 
times /month 

1 
time/week 

2-3 
times/week 

4 - 6 
times/week 

1 
time/day 

2-3 
times/day 

O0 O1 O2 O3 O4 O5 O6 

 
79. How often does your child usually consume…? 

 Never/ Rarely 
2 - 3 

times/mont
h 

1 
Time/week 

2-3 
Times/week 

4 - 6 
Times/week 

1 
Time/day 

Breakfast  O0 O1 O2 O3 O4 O5 

Morning snack  O0 O1 O2 O3 O4 O5 

Lunch  O0 O1 O2 O3 O4 O5 

Afternoon snack O0 O1 O2 O3 O4 O5 

Dinner  O0 O1 O2 O3 O4 O5 

Night snack  O0 O1 O2 O3 O4 O5 

 
80. Does your child add salt to food? 

�0 NO,never    �1 YES, sometimes    �2 YES, after tasting     �3 YES, before tasting 
 
81. In the last year, has your child used food supplements?     �0 NO �1 YES 

a. If yes, does your child use them or has your child used them ...   �1 DAILY  �2 USUALLY  �3 
OCCASIONALLY  

b. What category of supplements does your child use or has your child used? 
�1 vitamin supplements 
�2 mineral supplements 
�3 vitamin and mineral supplements 
�4 Vitamin C 
�5 Calcium 
�6 Iron 
�7 fish oil 
�8 other: please specify_________________________ 

 
 
 

THE QUESTIONNAIRE IS ENDED. WE THANK YOU FOR THE TIME YOU HAVE GRANTED US. 



Table S1- Overall inflammatory effect scores and food parameters included in the current analysis. 

Food parameter  Overall inflammatory effect score Included in the analysis 

Alcohol (g)  -0.278  
Vitamin B12 (µg)  0.106 P 
Vitamin B6 (mg)  -3.365 P 
β-Carotene (µg)  -0.584 P 
Caffeine (g)  -0.110  
Carbohydrate (g)  0.097 P 
Cholesterol (mg)  0.110 P 
Energy (kcal)  0.180 P 
Eugenol (mg)  -0.140  
Total fat (g)  0.298 P 
Fibre (g)  -0.663 P 
Folic acid (µg)  -0.190 P 
Garlic (g)  -0.412  
Ginger (g)  -0.453  
Fe (mg)  0.032 P 
Mg (mg) -0.484 P 
MUFA (g)  -0.009 P 
Niacin (mg)  -0.246 P 
n-3 Fatty acids (g)  -0.436 P 
n-6 Fatty acids (g) -0.159 P 
Onion (g) -0.301  
Protein (g)  0.021 P 
PUFA (g)  -0.337 P 
Riboflavin (mg)  -0.068 P 
Saffron (g)  -0.140  
Saturated fat (g)  0.373 P 
Se (µg)  -0.191 P 
Thiamin (mg)  -0.098 P 
Trans fat (g)  0.229  
Turmeric (mg)  -0.785  
Vitamin A (RE)  -0.401 P 
Vitamin C (mg)  -0.424 P 
Vitamin D (µg)  -0.446 P 
Vitamin E (mg) -0.419 P 
Zn (mg)  -0.313 P 
Green/black tea (g)  -0.536  
Flavan-3-ol (mg)  -0.415  
Flavones (mg)  -0.616  
Flavonols (mg)  -0.467  
Flavonones (mg)  -0.250  
Anthocyanidins (mg)  -0.131  
Isoflavones (mg)  -0.593  
Pepper (g)  -0.131  
Thyme/oregano (mg) -0.102  
Rosemary (mg)  -0.013  



 

Figure S1 AIC of different latent class models. The fit index derived from LCA suggested that a two-classes 

model was favored by the lowest AIC. 

 

 

 

 

 

 

 



Figure S2. Distribution of children with FEV1 and FEV1/FVC below the Lower Limit of Normal 

stratified by treatment assignment and latent class membership. 
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