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33 Abstract

34 Background

35 Asthma and atopy are considered condition associated with obesity, being affected by genetic 

36 and environmental factors. The LEP and ADIPOQ genes, responsible for the expression and 

37 secretion of leptin and adiponectin, respectively, and polymorphisms in such genes have been 

38 linked to both diseases, independently, and also with the obesity-associated asthma 

39 phenotype in populations with high European ancestry and high-income countries. However, 

40 in mixed populations, there are few studies evaluating the impact of these variants in genes 

41 associated with the phenotype of asthma and obesity. Thus, the aim of this study was to 
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42 investigate variants in LEP and ADIPOQ associated with asthma and atopy, and whether 

43 overweight modifies that effect.

44 Methods

45 The study involved 203 asthmatics children and 813 control subjects (between 5 and 11 years 

46 old), with or without overweight, from the SCAALA (Asthma and Allergy Social Changes 

47 in Latin America) program. Among them, 831 had data for allergy markers, being 258 atopic 

48 and 573 non-atopic. Genotyping was performed using a commercial panel Omnium Illumina 

49 2.5. Logistic regression was performed to identify associations expected by using PLINK 

50 1.09 and three genetic models: additive, dominant and recessive adjusted for sex, age, 

51 helminth infection, BMI and Principal Components (PC) 1 and 2, for ancestry, in order to 

52 control the confounding factor by population structure.

53 Results

54 For asthma, G allele of rs822396, in ADIPOQ, was positively associated in additive model 

55 (OR 1.4, 95% CI 1.08-1.83) and T allele of rs1063537 in dominant model (OR 1.52, 95% CI 

56 1.01-2.30). In LEP, rs11763517 (C allele) and rs11760956 (A allele) were both negatively 

57 associated with asthma in the additive model (OR 0.70, 95% CI 0.54-0.91; OR 0.66, 95% CI 

58 0.50-0.89) respectively, and the A allele of rs2167270 in dominant model (OR 0.71, 95% CI 

59 0.51-0.98). The G allele of rs12706832 showed a positive association with asthma in the 

60 recessive model (OR 1.66, 95% CI 1.06-2.61). When the population was stratified by the 

61 BMI / Age Z-Score, the protection observed for asthma between the variants rs11760956, 

62 rs11763517 and rs2167270 was lost overweight individuals; The protection observed for 
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63 atopy was lost in all variants (rs16861205, rs2167270 and rs17151919) in the overweight 

64 group.

65 Conclusion

66 These results suggest that SNPs on the LEP and ADIPOQ genes may have an impact on 

67 atopy and asthma. Furthermore, we also show that the asthma and atopy protection attributed 

68 to variants on LEP and ADIPOQ genes is lost in individuals exposed to overweight.

69 Keywords: Adipokines; Asthma; Atopy; Genetic; Overweight.

70 1. Introduction

71 Asthma is described as a chronic disease that involves inflammation, high mucus 

72 production, obstruction, hyperresponsiveness and narrowing of the low airways (Azizpour et 

73 al., 2018; Lambrecht and Hammad, 2015). It has a complex etiology and high heterogeneity, 

74 which determines a wide variety of phenotypes, including obesity-associated asthma 

75 (Froidure et al., 2016; Moraes et al., 2018; Periyalil et al., 2013). According to Rastogi and 

76 Holguin (Rastogi and Holguin, 2017), this phenotype is associated with a greater burden of 

77 disease, reduced lung function and suboptimal response to medications in children.

78 The worldwide incidence of asthma has been increasing in developing countries 

79 (Stern et al., 2020). According to GINA (2020) (Global Initiative for Asthma., 2020), the 

80 disease affects around 358 million individuals, with approximately 40 million in Latin 

81 America, and represents one of the most common chronic disease in children and adolescents 

82 (Cruz et al., 2018; Pitchon et al., 2019; Solé et al., 2017). Obesity follows the same pattern 

83 of increasing prevalence in children and adolescents, actually, doubled in children and 
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84 quadrupled in adolescents in recent years (Azizpour et al., 2018). In Brazil, 47.8% of children 

85 and 25.7% of adolescents were overweight/obese, in the last population-based survey 

86 recorded (IBGE. Instituto Brasileiro de Geografia e Estatística and Coordenação de Trabalho 

87 e Rendimento, 2011). 

88 Epidemiological studies have shown associations between asthma and obesity, 

89 with the obesity rate in asthmatic individuals being approximately 50% (Mukadam et al., 

90 2018; Silva et al., 2013). For childhood asthma, obesity is recognized as an independent risk 

91 factor (Vijayakanthi et al., 2016). The relationship between obesity and pediatric asthma was 

92 analyzed in a meta-analysis study, with mixed populations and involving Brazilian studies 

93 (Deng et al., 2019). The authors corroborate the results of the meta-analysis by Chen et al. 

94 (2013), by demonstrating a high risk of developing asthma in overweight and obese children.

95 In a recent study of GWAS (genome-wide association study) in individuals of 

96 European descent, a positive genetic correlation was observed between characteristics of 

97 obesity and late onset and non-atopic asthma (Zhu et al., 2020). However, the correlation 

98 between childhood obesity and early-onset asthma still requires further investigation.

99 Inflammatory, genetic, epigenetic and mechanical factors may contribute to the 

100 asthma/obesity phenotype. It has been observed that changes in the secretion of adipokines, 

101 such as leptin and adiponectin, which are common in obesity, contribute to the development 

102 of adult asthma, which have been also investigated in the clinical manifestations of other 

103 respiratory disease as well as obesity in children (Magrone and Jirillo, 2015; Maniscalco et 

104 al., 2017).

105 Leptin and adiponectin can modify the natural history of childhood asthma (Kim 

106 et al., 2008). Increased leptin/adiponectin ratio, a condition commonly observed in 
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107 overweight and also more pronounced in asthmatic children, unbalances the regulation of 

108 inflammation by decreasing regulatory T cells and IL-10 secretion, inducing hyperreactivity 

109 in the immune system (Yuksel et al., 2012).

110 Leptin serum levels increases TH1 immune response (IFN-γ production), 

111 increasing airway inflammation in children with asthma and overweight (Youssef et al., 

112 2013). Adiponectin inhibits secretion of proinflammatory cytokines, such as IL-6 and TNF-

113 α, and is positively associated with asthma control (de Lima Azambuja et al., 2015; Jensen 

114 et al., 2012). Thus, genetic variations in LEP and ADIPOQ might affect asthma and/or 

115 overweight in pediatric population (Yuksel et al., 2012). However, association studies 

116 exploring the variants in such genes with both asthma and overweight are scarce, especially 

117 in mixed populations. 

118 In summary polymorphisms in adipokine genes may constitute risk factors for 

119 asthma and atopy, and this may be influenced by body adiposity. Therefore, the aim of this 

120 study was to investigate the association of variants in LEP and ADIPOQ genes with asthma 

121 and atopy, as well as to evaluate if overweight modifies this association in a population-based 

122 sample of children from Salvador, BA, Brazil.

123 2. Methods

124 2.1 Population and Data Collection

125 This research is a cross-sectional, population-based study, nested within a 

126 prospective cohort, with records in the SCAALA database (Social Changes, Asthma and 

127 Allergy in Latin America), in 2005, in the city of Salvador, Bahia, Brazil (Barreto et al., 

128 2006; D’Innocenzo et al., 2014).
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129 In this study were included 1016 unrelated individuals (where 203 of them are 

130 asthmatics and 258 are atopics), aged between 5 and 11 years. The characteristics of the 

131 studied population are presented in Table 1.

132 The initial research (see ALCANTARA-NEVES et al, 2012 (Alcantara-Neves et 

133 al., 2012); and D'INNOCENZO et al., 2014 (D’Innocenzo et al., 2014), for details) included 

134 information on asthma status of participants, with information on allergic diseases, wheezing, 

135 and risk factors, through to phase II of International Study of Asthma and Allergies in 

136 Childhood (ISAAC) questionnaire, as well as blood samples (evaluation of infection, total 

137 and specific IgE, immunological markers) and stool tests (detection of parasitic infections).

138 For the anthropometric measurements, electronic scale (Filizola, model E-

139 150/3P, São Paulo, Brazil) and portable stadiometer (Leicester height measure), periodically 

140 calibrated, were used. Two measures were taken, and the mean value was considered; 

141 variations of 100g for weight and 0.1 cm for height/length were allowed(Matos et al., 2011). 

142 The measurements were performed according to WHO (1995) (WORLD HEALTH 

143 ORGANIZATION, 1995). 

144 Ethical approval was obtained from the National Ethics Committee of Brazil in 

145 2005 and the Ethics Committee of the Institute of Collective Health from Federal University 

146 of  Bahia (Number: 003-05). Informed written consent was obtained from the legal guardian 

147 or  parents of each individual. It details the entire procedure adopted throughout the project.
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148 2.2 Definition of asthma and atopy

149 The definition of asthma was based on  the information reported by the children’s 

150 parents  through ISAAC phase II questionnaire, adapted to the Portuguese language, and at 

151 least the presence of one of the following criteria: (1) diagnosis of asthma by a physician; (2) 

152 wheezing with exercise in the last 12 months; (3) 4 or more episodes of wheezing in the last 

153 12 months; and (4) waking up at night because of wheezing in the last 12 months(Alcantara-

154 Neves et al., 2012).

155 Atopy was defined when the individual was positive for the skin prick test (SPT) 

156 for at least one aeroallergen (reaction whose papule size was at least 3 mm larger than that 

157 caused by the negative control) plus a positive specific IgE (≥ 0.7 kU/L was considered 

158 positive) using ImmunoCAP system for at least one of the tested allergens. The aeroallergen 

159 tested by SPT were Dermatophagoides pteronyssinus, Blomia tropicalis, Blattella 

160 germanica, Periplaneta americana, dog and cat epithelia, and fungi (Aspergillus 

161 amstelodami, Aspergillus fumigatus, Aspergillus niger, Aspergillus terrus, Penicillium 

162 brevicompactum, Penicillium expansum, Penicillium notatum, Penicillium roquefoti, 

163 Cladosporium fulvum, and Cladosporium herbarum. It was measured the specific IgE (sIgE) 

164 anti-mite (D. pteronyssinus and B. tropicalis) and anti-cockroaches (P. americana and B. 

165 germanica)(Alcantara-Neves et al., 2012; Barreto et al., 2006).

166 2.3 Anthropometric assessment

167 The classification of nutritional status was determined by the BMI-Z score by 

168 age, where children with ≥ +1 standard deviation of the median were considered overweight 
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169 and those with values below 1, non-overweight, according to the reference pattern curves of 

170 the World Health Organization (WHO) (Onis et al., 2007).

171 2.4 DNA extraction and genotyping

172 The DNA was extracted from the peripheral blood of the individuals, using the 

173 Flexigene QIAGEN kit following a protocol manufacturer’s recommendations. The samples 

174 were genotyped by Illumina using the Omnium Illumina 2.5 chip, which is a large scanning 

175 platform with 2.5 million genotyped markers throughout genome. For this study, the genetic 

176 information was extracted from 186560463 to 186576252, positions located on chromosome 

177 3 (ADIPOQ); and from 127881241 to 127897682, positions located on chromosome 7 (LEP), 

178 genome version: GRCh37.

179 2.5 Statistical analysis

180 Normality test (Kolmogorov-Sminorv) and then association test (Chi-Square) 

181 with covariates were performed to define adjustments for logistic regression. The primary 

182 (Asthma) and secondary (Atopy) outcome were analyzed in three genetic models (additive, 

183 dominant and recessive) for each SNP.

184 PLINK software, version 1.09, was used to perform quality control of the SNPS, 

185 according to the following parameters: Hardy-Weinberg Equilibrium (HWE) deviation, with 

186 a p value < 10-3; minor allele frequency (MAF) < 1%; and absent loci, greater than 1%. After 

187 the quality control, 7 SNPs were excluded from the 31 that were typed for Leptin, and 6 out 

188 of 25 genotyped for Adiponectin were also excluded. The association analyzes were also 

189 performed in PLINK (Purcell et al., 2007).
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190 Multivariate logistic regression analyzes for SNPs that passed the quality control 

191 were done using three genetic models: additive, dominant and recessive adjusted for sex, age, 

192 helminth infection, BMI and Principal Components (PC) 1 and 2, for ancestry, in order to 

193 control the confounding factor by population structure (Costa et al., 2015). The association 

194 analyzes were also performed in PLINK (Purcell et al., 2007). The asymptotic p-value was 

195 observed while the odds ratio (OR) was estimated. In addition, permutation procedures 

196 (Perm) were calculated to provide a computationally intensive approach to generate levels of 

197 significance empirically (Purcell et al., 2007). 

198 Finally, linkage disequilibrium (LD) analysis of the observed SNPs was also 

199 performed. LD measures the non-random association of alleles at different loci (Fox et al., 

200 2019). The observed associations may be affected by mutation, recombination, gene 

201 conversion, selection, genetic drift or demographic factors, such as inbreeding, migration and 

202 population structure (Wang et al., 2006). Thus, the LD standards are used to infer genetic 

203 parameters of a population (Tenesa et al., 2007). The degree of confidence in the R 'value 

204 was calculated using the software Haploview 4.2. All statistical tests were two-tailed, and the 

205 significance level was defined as 5 %.

206 2.6 In Silico analyses

207 Functional information of the SNPs analyzed in this study was obtained through 

208 the National Center for Biotechnology Information (NCBI) (www.ncbi.nlm.nih.gov), 

209 RegulomeDB (www.regulomedb.org) and Ensembl (www.ensembl.org).

http://www.ncbi.nlm.nih.gov
http://www.regulomedb.org
http://www.ensembl.org
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210 RegulomeDB presents a range score, from 1 to 7, without qualified identification 

211 of the regulatory and functional potential of the variants, with an inversely attributed level of 

212 evidence (Boyle et al., 2012).

213 For the analysis of the impact of the missense variant, the SIFT (https://sift.bii.a-

214 star.edu.sg/) and PolyPhen 2 (http://genetics.bwh.harvard.edu/pph2/) platforms were used. In 

215 the SIFT it predicts whether the amino acid substitution is damaging (≤0.05) or tolerable (> 

216 0.05). While PolyPhen 2 classifies as damaging, probably damaging or benign, on a scale 

217 from 0 (benign) to 1 (damaging) (Nailwal and Chauhan, 2017). 

218 For gene score analysis, we used the alleles associated with asthma risk in our 

219 population for the ADIPOQ and LEP genes. We assigned a score for the number of alleles 

220 and considered the presence of ≤ 2 risk alleles as the reference group. We then proceeded 

221 with logistic regression to compare the other groups with the reference. We adopted p <0.05 

222 as significant.

223 3. Results 

224 From the 1016 individuals, 203 (20%) were asthmatic and 258 (25%) were 

225 atopics; 58% of individuals with asthma are younger than 6 years of age, while most atopics 

226 (53.9%) are older than 6 years. Overweight individuals, among asthmatics, are 32 (15.7%) 

227 and 52 (20.2%), among atopics. The population is comprised of the majority over the age of 

228 6, eutrophic, male and non-atopic subjects (Table 01).

229 Table 1. Characteristics of the SCAALA population according to asthma status and variables 

230 included in the study.

https://sift.bii.a-star.edu.sg/
https://sift.bii.a-star.edu.sg/
http://genetics.bwh.harvard.edu/pph2/
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Asthma (n=1.016) Atopy (n=831)

Variables/Categories Non-
asthmatic 
(n= 813)

Asthmatic
(n=203)

P Value

Non-atopic 
(n=573)

Atopic
(n=258) P

Value
n % N (%) n   (%) n   (%)

Age 0.002* 0.048*

< 6  (n=497)
≥ 6  (n=519)

378
435

46.49
53.51

119
84

58.62
41.38

269
304

46.9
53.1

119
139

46.1
53.9

Sex 0.568 0.000*

Male (n=552) 438 53.87 114 56.16 287 50.1 165 64.0

Female (n=464) 375 46.13 89 43.84 286 49.9 93 36.0

BMI/Age Z-Score 0.714 0.040*

Non-Overweight (n=861) 690 84.9 171 84.24 490 85.5 206 79.8

Overweight (n=155) 123 15.1 32 15.76 83 14.5 52 20.2

Atopy 0.001* -

Yes (n=258) 192 28.5 66 41.8 - - - -

No (n=573) 481 71.5 92 58.2

231 Data were analyzed using the chi-squared test. * p-value <0.05.

232

233 3.1 Description of the ADIPOQ and LEP polymorphisms

234 Table 2 presents the 26 significant SNPs associated with at least one of the 

235 outcomes studied. Most SNPs are intronic, and only one in the leptin gene exhibits missense 

236 function.

237 Table 2. Description of the ADIPOQ and LEP polymorphisms. Variants, position, alleles, 

238 minor allele frequency (MAF), function and regulome DB score.

SNP Position Allelesa MAF Functionb
Score 

Regulome 
DB

ADIPONECTIN
rs62292784 186843108 T/C 0.185 intron variant 4
rs16861205 186843845 A/G 0.174 intron variant 5
rs822395 186849018 C/A 0.389 intron variant 5



13

rs822396 rs822396 G/A 0.202 intron variant 5
rs36219755 186850989 T/C 0.074 intron variant 6
rs2241766 186853103 G/T 0.084 nc transcript variant, synonymous 

codon
5

rs1501299 186853334 A/C 0.347 intron variant 6
rs3821799 186853697 C/T 0.450 intron variant no data
rs3774262 186854025 A/G 0.083 intron variant 5
rs6444172 186855282 C/A 0.018 nc transcript variant, utr variant 3 

prime
5

rs6773957 186855916 G/A 0.467 nc transcript variant, utr variant 3 
prime

no data

rs1063537 186856286 T/C 0.074 intron variant, utr variant 3 prime no data
rs1063538 186856394 C/T 0.468 intron variant, utr variant 3 prime no data
 LEPTIN
rs2167270 128241296 A/G 0.391 utr variant 5 prime 3a
rs2278815 128241798 A/G 0.310 intron variant 5
rs12706832 128247086 G/A 0.356 intron variant no data 
rs11763517 128250009 C/T 0.308 intron variant no data
rs7795794 128250098 A/G 0.096 intron variant 5
rs11760956 128251034 A/G 0.243 intron variant 3 a
rs3828942 128254252 A/G 0.304 intron variant 5
rs17151919 128254539 A/G 0.059 missense no data
rs28954118 128255129 T/A 0.032 utr variant 3 prime 5
rs17151922 128255163 T/G 0.173 utr variant 3 prime 5
rs6966536 128256006 G/A 0.061 utr variant 3 prime no data
rs11761556 128257016 A/C 0.328 utr variant 3 prime 6
rs28959474 128257173 A/G 0.075 utr variant 3 prime no data

239 a First is the alternative allele and the second is the reference allele (1/2).

240 b NCBI (National Center for Biotechnology Information).

241

242 3.2 Associations of studied SNPs with asthma

243 Table 3 summarizes the significant associations of variants on ADIPOQ and LEP 

244 with asthma symptoms. In ADIPOQ, two SNPs were positively associated with asthma. The 

245 rs822396 (G allele) was associated to asthma in the two genetic models evaluated, additive 

246 (OR 1.4, 95% CI 1.08-1.83) and dominant (OR 1.44, CI 95% 1.05-2.0); while T allele, of 

247 rs1063537, in dominant model (OR 1.52; CI 95% 1.01-2.30), only. In LEP, two SNPs 

248 (rs11763517 and rs11760956) (C and A alleles, respectively) were negatively associated with 

249 asthma in the additive (OR 0.70, 95% CI 0.54-0.91; OR 0.66, 95% CI 0.50-0.89) and 

250 dominant model (OR 0.67; 95% CI 0.49-0.93; OR 0.60, 95% CI 0.43-0.84), respectively. 
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251 Besides a SNP (rs2167270, A allele), also associated negatively, only in the dominant model 

252 (OR 0.71; 95% CI 0.51-0.98). Whereas the SNP rs12706832 showed a positive association 

253 in recessive model (OR 1.66; 95% CI 1.06-2.61). 

254 Table 3. Significant associations between ADIPOQ and LEP SNPs with  asthma analyzed 

255 by logistic regression adjusted for sex, age, helminth infections, and principal components 1 

256 and 2.

SNP Model GENO
Non-

Asthmatic 
n (%)

Asthmatic
n (%) OR 95% CI P 

Value
P 

Perm

Adiponectin
AA 495 

(64.3%)
105 (55.3%)

GA 245 
(31.9%)

72 (37.9%)

ADD

GG 29 (3.8%) 13 (6.8%)

1.4 1.08-1.83 0.013* 0.011*

AA 495 
(64.3%)

105 (55.3%)DOM

GG+GA 274 
(35.7%)

85 (44.7%) 1.44 1.05-2.0 0.026* 0.049*

AA+GA 740 
(96.2%)

177 (93.2%)

rs822396

REC

GG 29 (3.8%) 13 (6.8%)
1.85 0.93-3.67 0.078 0.071

CC 659 
(85.4%)

153 (80.1%)

TC 109 
(14.1%)

37 (19.4%)

ADD

TT 4 (0.5%) 1 (0.5%)

1.46 0.99-2.17 0.005* 0.065

CC 659 
(85.4%)

153 (80.1%)DOM

TT+TC 113 
(14.6%)

38 (19.9%) 1.52 1.01-2.30 0.046* 0.049*

CC+TC 768 
(99.5%)

190 (99.5%)

rs1063537

REC

TT 4 (0.5%) 1 (0.5%)
1.11 0.12-10.09 0.928 0.444

Leptin
TT 360 

(46.6%) 108 (56.5%)

CT 336 
(43.5%) 73 (38.2%)

ADD

CC 76 (9.9%) 10 (5.2%)

0.70 0.54-0.91 0.007* 0.007*

rs11763517

DOM TT 360 
(46.6%) 108 (56.5%) 0.67 0.49-0.93 0.016* 0.015*
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CC + CT 412 
(53.4%) 83 (43.4%)

TT + CT 696 
(90.1%) 181 (94.7%)REC

CC 76 (9.9%) 10 (5.2%)
0.52 0.26-1.04 0.063 0.066

GG 430 
(55.7%) 130 (68.0%)

AG 297 
(38.5%) 53 (27.8%)

ADD

AA 45 (5.8%) 8 (4.2%)

0.66 0.50-0.89 0.005* 0.005*

GG 430 
(55.7%) 130 (68.0%)DOM

AA + AG 342 
(44.3%) 61 (32.0%)

0.60 0.43-0.84 0.003* 0.004*

GG + AG 727 
(94.2%) 183 (95.8%)

rs11760956

REC

AA 45 (5.8%) 8 (4.2%)
0.72 0.33-1.57 0.412 0.667

GG 267 
(35.1%) 83 (43.9%)

AG 378 
(49.7%) 87 (46.0%)

ADD

AA 115 
(15.2%) 19 (10.1%)

0.74 0.58-0.95 0.018* 0.020*

GG 267 
(35.1%) 83 (43.9%)DOM

AA + AG 493 
(64.9%) 106 (56.1%)

0.71 0.51-0.98 0.036* 0.027*

GG + AG 645 
(84.8%) 170 (89.9%)

rs2167270

REC

AA 115 
(15.2%) 19 (10.1%)

0.64 0.38-1.07 0.088 0.090

AA 313 
(40.5%) 75 (39.3%)

GA 376 
(48.7%) 85 (44.5%)

ADD

GG 83 (10.8) 31 (16.2%)

1.17 0.92-1.49 0.195 0.266

AA 313 
(40.5%) 75 (39.3%)DOM

GG+GA 459 
(59.5%) 116 (60.7%)

1.05 0.76-1.45 0.774 0.667

AA+GA 689 
(89.2%) 160 (83.8%)

rs12706832

REC

GG 83 (10.8) 31 (16.2%)
1.66 1.06-2.61 0.027* 0.028*
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257 * p-value <0.05.

258

259 To verify if the increasing in the number of risk allele, on both genes, is associated with a 

260 higher risk of asthma, we conducted a risk scoring analysis including the G allele of rs822396 

261 (ADIPOQ), T allele of rs1063537 (ADIPOQ), T allele of rs11763517 (LEP) and G allele of 

262 rs11760956, rs2167270 and rs12706832 (LEP). We observed a higher risk of asthma when 

263 the number of alleles was equal or greater than 7 (Table 4).

264

265 Table 4. Genetic risk score with the G allele of rs822396 (ADIPOQ), T allele of rs1063537 

266 (ADIPOQ), T allele of rs11763517 (LEP), G allele of rs11760956 (LEP), G allele of 

267 rs2167270 (LEP) and G allele of rs12706832 (LEP)

Asthma
Risk allele Controls Cases OR† / 95% CI P-value

≤ 2 64 (8.8%) 10 (5.5%) 1 ---
3 85 (11.7%) 13 (7.1%) 0.96 0.928
4 113 (15.6%) 16 (8.7%) 0.91 0.825
5 100 (13.8%) 23 (12.6%) 1.44 0.381
6 118 (16.2%) 31 (16.9%) 1.68 0.190

≥ 7 246 (33.9%) 90 (49.2%) 2.29 0.022*

268 † Adjusted for sex, age, helminth infections, and principal components 1 and 2. * p-value <0.05.

269

270 3.3 Associations with atopy

271 Only one SNP (rs16861205; A allele), in ADIPOQ gene, was negatively associated with 

272 atopy in additive (OR 0.71; 95% CI 0.52-0.96) and dominant model (OR 0.68; 95% CI 0.49-

273 0.96). Whereas T allele of rs62292784 was positively association (OR 2.44, 95% CI 1.04-
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274 5.72) in recessive model. For the LEP gene, three SNPs were positively associations to atopy, 

275 rs12706832 (OR 1.69; 95% CI 1.07-2.07), rs3828942 (OR 1.91; 95% CI 1.11-3.30), 

276 rs2278815 (OR 1.81; 95% CI 1.10-2.98) in recessive model (G, A and A alleles, 

277 respectively). Also in the LEP gene, three SNPs were negatively associated with atopy: 

278 rs17151919 in additive (OR 0.45; 95% CI 0.26-0.80) and dominant model (OR 0.51; 95% 

279 CI 0.23-0.76); rs2167270 in additive (OR 0.69; 95% CI 0.54-0.88) and dominant models (OR 

280 0.72; 95% CI 0.52-1.00) (A allele, both); and rs11760956 (A allele) only in recessive model 

281 (OR 0.41; 95% CI 0.17-0.95) as shown in Table 5.

282 Table 5. Significant association between LEP and ADIPOQ SNPs and atopy, analyzed by 

283 logistic regression adjusted for sex, age, helminth infections, BMI, and principal components 

284 1 and 2.

SNP Model GENO Non-atopic 
(%)

Atopic
n (%) OR 95% CI P 

Value
P 

Perm
Adiponectin

GG 341 (65.3%) 173 (72.1%)
AG 164 (31.4%) 62 (25.8%)

ADD

AA 17 (3.3%) 5 (2.1%)
0.71 0.52-0.96 0.028* 0.025*

GG 341 (65.3%) 173 (72.1%)DOM
AA + AG 181 (34.7%) 67 (27.9%)

0.68 0.49-0.96 0.029* 0.026*

GG + AG 505 (96.7%) 235 (97.9%)

rs1686120
5

REC
AA 17 (3.3%) 5 (2.1%)

0.63 0.22-1.75 0.374 0.750

CC 11 (2.1%) 156 (65.0%)
TC 156 (29.9%) 72 (30.0%)

ADD

TT 355 (68.0%) 12 (5.0%)
1.27 0.96-1.69 0.096 0.098

CC 11 (2.1%) 156 (65.0%)DOM
TT + TC 511 (97.9%) 84 (35.0%)

1.21 0.87-1.69 0.252 0.306

CC + TC 167 (32.0%) 228 (95.0%)

rs6229278
4

REC
TT 355 (68.0%) 12 (5.0%)

2.44 1.04-5.72 0.040* 0.033*

Leptin
GG 455 (87.2%) 226 (94.2%)
AG 64 (12.3%) 13 (5.4%)

rs1715191
9

ADD

AA 3 (0.5%) 1 (0.4%)
0.45 0.26-0.80 0.006* 0.004*
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GG 455 (87.2%) 226 (94.2%)DOM
AA + AG 67 (12.8%) 14 (5.8%)

0.41 0.23-0.76 0.004* 0.004*

GG + AG 519 (99.5%) 239 (99.6%)REC
AA 3 (0.5%) 1 (0.4%)

0.51 0.05-5.00 0.561 0.406

GG 176 (34.3%) 19 (8.1%)
AG 255 (49.7%) 120 (50.8%)

ADD

AA 82 (16.0%) 97 (41.1%)
0.69 0.54-0.88 0.003* 0.003*

GG 176 (34.3%) 19 (8.1%)DOM
AA + AG 337 (65.7%) 217 (91.9%)

0.72 0.52-1.00 0.049* 0.048*

GG + AG 431 (84.0%) 139 (58.9%)

rs2167270

REC
AA 82 (16.0%) 97 (41.1%)

0.43 0.25-0.74 0.002* 0.002*

AA 207 (39.7%) 95 (39.6%)
GA 263 (50.4%) 106 (44.2%)

ADD

GG 52 (9.9%) 39 (16.2%)
1.13 0.90-1.43 0.301 0.500

AA 207 (39.7%) 95 (39.6%)DOM
GG + GA 315 (60.3%) 145 (60.4%)

0.98 0.71-1.35 0.903 0.857

AA + GA 470 (90.1%) 201 (83.8%)

rs1270683
2

REC
GG 52 (9.9%) 39 (16.2%)

1.69 1.07-2.67 0.023* 0.024*

GG 303 (58.0%) 137 (57.1%)
AG 186 (35.6%) 96 (40.0%)

ADD

AA 33 (6.3%) 7 (2.9%)
0.90 0.69-1.17 0.433 0.727

GG 303 (58.0%) 137 (57.1%)DOM
AA + AG 219 (41.9%) 103 (42.9%)

1.00 0.73-1.38 0.981 1.000

GG + AG 489 (93.6%) 233 (97.1%)

rs1176095
6

REC
AA 33 (6.3%) 7 (2.9%)

0.41 0.17-0.95 0.037* 0.036*

GG 249 (47.7%) 108 (45.0%)
AG 241 (46.2%) 104 (43.3%)

ADD

AA 32 (6.1%) 28 (11.7%)
1.23 0.96-1.57 0.096 0.082

GG 249 (47.7%) 108 (45.0%)DOM
AA + AG 273 (52.3%) 132 (55.0%)

1.14 0.83-1.56 0.409 0.778

GG + AG 490 (93.9%) 212 (88.3%)

rs3828942

REC
AA 32 (6.1%) 28 (11.7%)

1.91 1.11-3.30 0.020* 0.022*

GG 255 (48.8%) 106 (44.2%)
AG 227 (43.5%) 101 (42.1%)

ADD

AA 40 (7.7%) 33 (13.7%)
1.26 1.00-1.60 0.054 0.049*

GG 255 (48.8%) 106 (44.2%)DOM
AA + AG 267 (51.1%) 134 (55.8%)

1.20 0.87-1.64 0.262 0.366

rs2278815

REC GG + AG 482 (92.3%) 207 (86.3%) 1.81 1.10-2.98 0.019* 0.020*

285 * p-value <0.05.

286
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287 3.4 Effect modifying of body mass index on the association between variants in ADIPOQ 

288 and LEP and asthma

289 Associations with asthma occurred in three variants in the LEP gene, modified in 

290 groups stratified by BMI / Age Z-score, as seen in figure 01 (A, B and C). The associations 

291 observed in eutrophic individuals (non-overweight group) are reflected in the general group. 

292 Three SNPs (rs11760956, rs11763517 and rs2167270) were negatively associated in the non-

293 overweight group. When only overweight individuals were analyzed, there was no significant 

294 association between variants and asthma, using an additive model.

295

296

297 Figure 01. Association between variants in LEP and asthma in non-overweight individuals, overweight 
298 individuals, or in whole population analyzed by logistic regression adjusted for sex, age, helminth infections, 
299 and principal components 1 and 2. (A) rs11760956 (A allele), (B) rs11763517 (C allele) and (C) rs2167270 (A 
300 allele) on LEP.



20

301 3.5 Associations with atopy modified by body mass classification

302 The rs16861205 (A allele), in ADIPOQ; rs2167270 (A allele) and rs17151919 (A allele), in 

303 LEP, showed associations to atopy modified by BMI. When overweight individuals were 

304 analyzed, no significant association was observed between those variants and atopy in both 

305 genes. However, when stratified in non-overweight group, all SNPs were negatively 

306 association (Figure 02 - A, B, C).

307

308 Figure 02.  Association between variants in ADIPOQ and LEP and atopy in non-overweight individuals, 
309 overweight individuals or in whole population analyzed by logistic regression adjusted for sex, age, helminth 
310 infections, and principal components 1 and 2. (A) rs16861205 (A allele) on ADIPOQ, (B) rs2167270 (A allele) 
311 and (C) rs17151919 (A allele) on LEP.
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312

313 3.6 Linkage Disequilibrium (LD)

314 The results of LD among SNPs on ADIPOQ (Figure 3A) and LEP (Figure 3B) 

315 are shown in percentage terms. Outcomes higher than 80% in the r2 analysis are considered 

316 to have a strong linkage disequilibrium. We have highlighted the lack of linkage 

317 disequilibrium among all SNPs in LEP studied herein. 

318 Figure 03. Pairwise LD within Haploview using the R2. Color intensity and value in square 

319 indicate the degree of confidence in the r2 value and how much the SNPs are in LD. (A) 

320 ADIPOQ. (B) LEP.

321
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323 4. Discussion

324 An asthma phenotype induced by childhood obesity, characterized by primary 

325 atopic asthma, was already proposed (Leiria et al., 2015). Recently, the Th1 phenotype has 

326 also been demonstrated in obese asthmatic children, compared to eutrophic children 

327 (Nyambuya et al., 2020), in a systematic review. Obesity seems to play a substantial risk 

328 factor to asthma due to the imbalance of mediators secreted by adipose tissue that exert effect 

329 on the lung (Leiria et al., 2015; Muc et al., 2016; Silva et al., 2013). In general, leptin playing 

330 a critical role on inflammation and airway responsiveness (Muc et al., 2016), is produced in 

331 excess in obese individuals; meanwhile, adiponectin is reduced. In our study we investigated 

332 the association of polymorphisms on the ADIPOQ and LEP genes with asthma and atopy.  

333 On ADIPOQ, the G allele of rs822396 was positively associated with asthma in 

334 this study. The SNP is in nocoding region and potentially can modifiers the gene expression 

335 according by Ramya et al (Ramya et al., 2013). Changes in the serum level of adiponectin or 

336 ADIPOQ transcription rates, related to rs822396, are discussed by Rubio-Chavez et al. 

337 (Rubio-Chavez et al., 2020), as a result of the presence of intronic amplifiers, miRNAs or 

338 alternative splices. Ding et al. (Ding, 2015) and Nagel et al. (Nagel et al., 2009)argue that 

339 adiponectin may act as a protective agent on asthma. There is an inverse correlation observed 

340 between disease exacerbation and adipokine plasma concentration due to its regulatory role 

341 in the immune system, suppressing inflammatory responses associated with asthma. 

342 Ramya et al (Ramya et al., 2013). describe association between rs822396 (allele 

343 A) and low adiponectin serum levels. Therefore, it is suggested that the association in our 

344 study (where the G allele was risk factor to asthma), is based on the regulation of 
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345 inflammatory effects in the airways, generally observed in elevated serum adiponectin levels 

346 (Szymczak-Pajor and Pawliczak, 2017).

347 The rs1063537 (T allele), located in the 3’UTR region and impact modifier, was 

348 associated with the risk of asthma in our population. Kyriakou et al. (Kyriakou et al., 2008) 

349 evaluated the association of the same allele with the level of fasting serum adiponectin in two 

350 female populations, caucasian and adult, but obtained conflicting results. In one cohort, the 

351 T allele was significantly associated with a higher level of serum adiponectin, however, the 

352 same result was not replicated in the second cohort. Our research, in addition to not 

353 comparing serum levels of adiponectin, is composed of a mixed and infantile population that 

354 approaches both genders, which is very different from Kyriakou’s sample.

355 Subsequently, this SNP was also investigated for COPD (chronic obstructive 

356 pulmonary disease) by Yuan et al. (Yuan et al., 2012), but significant association was not 

357 observed. Although the 3'UTR region of ADIPOQ has already been studied in associations 

358 with metabolic risk diseases (Kanu et al., 2016; Muiya et al., 2013), we have not found, in 

359 the literature, studies with asthma using the variant described in our research.

360 Two variant in the ADIPOQ (rs16861205 and rs62292784) were negatively 

361 associated with atopy. The allele A of rs16861205 was a protective factor in the general group 

362 and in the non-overweight group. This protection was lost in overweight individuals. In a 4-

363 year longitudinal study, this allele was positively associated with serum adiponectin 

364 concentrations (Siitonen et al., 2011), suggesting that this SNP is acting as a protective factor 

365 by increasing the levels of adiponectin. 
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366 In the LEP, the rs11763517 (C allele), rs11760956 (A allele) and rs2167270 (A allele) 

367 were negatively associated with asthma. In silico analyses on Ensembl revealed that they are 

368 located in  non-coding region, with modifying impact, but with no known clinical 

369 significance. In our study, we observed that these three SNPs remain protecting for asthma 

370 in non-overweight individuals. However, overweight individuals lose such protection, 

371 demonstrating the impact of adiposity opposite to the effect of this variant. Until now, there 

372 are no publications that report its association with asthma and/or obesity. 

373 The absence of a protective association between rs11763517, rs11760956 and 

374 rs2167270 with asthma, in overweight individuals, is relevant. According to Khan and Awan 

375 (Khan and Awan, 2016), leptin-mediated signaling in obesity suffers an interruption that can 

376 induce impairment of lung function. Recently, a paper has reported that high serum leptin 

377 levels have been positively correlated with asthma in Egyptian children; as well as higher 

378 BMI in asthmatic individuals, compared to non-asthmatic (Elngar et al., 2019).  Although 

379 our work has not dosed serum leptin, it supposes a potential biological effect due to the pre-

380 applied association in the literature of increased leptin and/ or disturbances in its action in 

381 overweight individuals, as possible factors related to the non-observation of asthma 

382 protection.

383 Also, in LEP, the rs12706832 (allele G) was associated as a risk factor for asthma for 

384 the first time in the literature. To assess the combined effect of alleles on asthma risk we 

385 performed a polygenic risk score to asthma including the risk alleles of the six SNP 

386 previously associated with asthma described here. The individuals who carry 7 or more risk 
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387 alleles were more than twice as likely to have asthma. No previous study was found in 

388 literature considering variants occurring together in such genes for asthma.

389 The GWAS study (Zhu et al., 2020) related 4 subtypes of asthma to obesity. 

390 Molecular mechanisms for comorbid asthma and obesity have been suggested, with 

391 inferences about inflammation, and evidence of increased asthma risk associated with 

392 increased BMI. However, the genes studied in our research have not been described, which 

393 confirms the non-generalization of the results for ethnic populations out of Europe. 

394 Moreover, the strongest genetic correlation was observed for late onset asthma (Zhu et al., 

395 2020).

396 For atopy, five polymorphisms in LEP were significantly associated. Three of them 

397 (rs3828942, rs12706832 and rs2278815)  with an increase in risk of up to 60% (all SNPs are 

398 located in the intron). Among the three variants negatively associated (rs17151919, 

399 rs2167270, rs11760956) in our analysis, we highlight the rs17151919 which is a missense 

400 variant, probably benign and with moderate impact according with SIFT (0.25) and Polyphen 

401 2 (0.293). The allele A of rs17151919 has been associated with reduced leptin levels in 

402 African Americans (Khan, 2016). It has been described in association of this SNP with high 

403 body weight and waist circumference in young Caucasian and African American adults 

404 (Friedlander et al., 2010). 

405 The A allele of rs2167270 showed a negative association with atopy in our study. In 

406 this context, Banihani et al. (Banihani et al., 2018) evaluated the association of rs2167270 

407 with the incidence of atopic dermatitis. The GG genotype was more frequent among the 

408 cases, and the AG genotype had a higher prevalence among the controls. It corroborates with 
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409 our findings, evidencing that the A allele is negatively associated with atopy. The influence 

410 of this SNP, according to Hoffstedt et al. (Hoffsted et al., 2002), occurs in the expression of 

411 leptin at the transcriptional level, affecting its secretion. 

412 When we stratified the groups, overweight individuals lost the significant association 

413 of protection of the polymorphic allele in both variants (rs2167270 and rs17151919), 

414 demonstrating the impact of excess weight on the association observed with atopy.

415 One of the limitations of our study was the impossibility of evaluating the causal 

416 relationship of the associations found. Another limitation was using BMI/Age Z-Score as the 

417 only variable that measures body adiposity (Neovius et al., 2004). Attention to the possible 

418 ethnic peculiarities in this study is relevant, as there is a predominance of African ancestry, 

419 which is important for broadening the knowledge of possible differential associations in the 

420 predominant population in the country of study and for purposes of comparison with other 

421 ethnicities and/or nationalities. 

422 In addition, the sample stratified by BMI did not reach the ideal statistical percentage, 

423 due to the design of the study for asthma. However, an attempt to demonstrate the possible 

424 impact of adiposity on genetic results related to asthma and atopy may be relevant to 

425 influence the design of new research, paired by adiposity, to investigate the impact of variants 

426 in genes encoding adipokines in the asthma phenotype and obesity.

427 Finally, the measurement of mRNA and adipokines in serum and tissues in 

428 individuals with or without obesity, can confirm the hypotheses of differential associations 

429 between  the polymorphisms in this study and different asthma phenotypes.
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430 Conclusion

431 Our findings demonstrate that SNPs on the LEP and ADIPOQ genes may have an 

432 impact on atopy and asthma. Our results also indicate that overweight may have a modifying 

433 effect on the associations leading to a loss of the protective effect attributed to the alleles on 

434 the studied genes. These markers may be useful in the future to guide patients with such 

435 genotypes to control the body weight and thus reduce the risk of developing allergic diseases. 

436 We suggest that detailed functional studies should be performed to better investigate and 

437 understand the role of these SNPs in the asthma-obese phenotype in children and adults, and 

438 the presence of association with serum adipokine levels.
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