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23 Abstract

24 Background: Overuse and misuse of antibiotics is a public health problem in low- and middle-income 
25 countries. Although the association of antibiotics with atopic and allergic diseases has been established, 
26 most studies focused on prenatal exposure and the occurrence of disease in infants or young children.

27 Objective: To investigate the association of preschool use of antibiotics with atopic and allergic skin 
28 diseases in young adulthood for the association of antibiotics use with eczema.

29 Design: Population-based retrospective cohort.

30 Setting and participants: The first-year college students (n=20138) from five universities were 
31 investigated. The sampled universities are located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, 
32 respectively.

33 Methods: We conducted a dermatological field examination and a questionnaire survey inquiring the 
34 participants about frequency of upper respiratory tract infection (URTI) and the preschool antibiotics 
35 use (prior to 7 years old). The two-level Probit model was used to estimate the associations, and 
36 adjusted risk ratio (aRR) and 95% confidence interval (CI) were presented as the effect size.

37 Results: A total of 20138 participants with complete information was included in the final analysis. 
38 The frequent antibiotics use intravenously (aRR 1.36, 95% CI 1.14–1.62) and orally (aRR 1.18, 95% 
39 CI 1.01–1.38) prior to 7 years old was significantly associated with atopic dermatitis in young 
40 adulthood. Similar trends could be observed in allergic skin diseases among those who use antibiotics 
41 orally and intravenously, with RRs of 1.16 (1.01, 1.34) and 1.33 (1.13, 1.57), respectively.

42 Conclusions: Preschool URTI and antibiotics use significantly increases the risk of atopic and allergic 
43 skin diseases in young adulthood.

44 Strengths and limitations of this study

45  The main outcomes were diagnosed by specialists instead of self-report.

46  This study provides a relatively large and representative sample, and sufficient variations in 
47 geographic regions and sociodemographic subgroups, as well as the random effect at the 
48 university level was fitted by the 2-level models, resulting in an unbiased estimation of 
49 associations.

50  Recall bias in the measurement of exposure to antibiotics might have been introduced, which 
51 could not be ignored in most retrospective studies.

52  We lacked the information about the type and dose of antibiotics, and there might be a reversed 
53 causal relationship because antibiotics could be used in the treatment of AD and other 
54 conditions accompanied by a bacterial infection.

55
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56 1 Introduction

57 The incidence and prevalence of atopic and allergic conditions such as asthma, allergic rhinitis, 
58 food allergies, and atopic dermatitis (AD) among the worldwide population have significantly 
59 increased during the past several decades.[1-3] An area of environmental change that may be 
60 responsible for the increase of allergic and atopic diseases is the growing use of medications which 
61 may alter the development of human microbiome.[4] It also seems that use of some antibiotics, which 
62 can directly cause intestinal dysbiosis and affect human microbiome and increase the risk for allergy 
63 development, is of particular concern in light of accumulating evidence.[5-7]

64 Furthermore, overuse and misuse of antibiotics is a severe public health problem worldwide, 
65 especially in low- and middle-income countries. In the last decade, prescriptions of broad-spectrum 
66 antibiotics increased by 49% in children under five years and doubled in children aged 5–17 years, 
67 concomitant with the increasing prevalence of allergic diseases.[8, 9] In China, 70% of outpatients 
68 attending primary care facilities with colds were inappropriately treated with antibiotics, often by 
69 intravenous infusion. The situation is even worse in children because many parents demand treatment 
70 with antibiotics[10]. However, most upper respiratory tract infections (URTI) in children are viral, for 
71 which antibiotics are unnecessary.[11-13]

72 The association between the use of antibiotics and atopic and allergic diseases has been observed 
73 in longitudinal studies. But most studies focused on antibiotics use during pregnancy or infancy when 
74 early colonization is initiated by maternal microbes.[14-17] With the childhood microbiome transition 
75 owing to alterations in food and exposure to more diverse microbes in external environments, children 
76 in preschool age (<7 yrs) are at higher risks of URTI infection and antibiotics treatment. However, the 
77 effect of antibiotics used during this period on atopic and allergic skin diseases that occurred in their 
78 young adulthood is not clear. The objective of this study was to evaluate the hypothesis that exposure 
79 to antibiotics in preschool age is associated with an increased risk of allergic and atopic skin diseases 
80 in young adulthood. We tested this hypothesis by conducting a retrospective study in college students. 

81

82 2 Materials and Methods

83 2.1 Study setting and design

84 This was a retrospective cohort study based on the data from the China College Student Skin Health 
85 Study (CCSSHS)[18]. The first-year college students from five universities were investigated. They 
86 underwent a health examination and completed a questionnaire survey. The sampled universities are 
87 located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, respectively. The medical ethics 
88 committee of Xiangya Hospital, Central South University, approved the study (#201709993).

89 2.2 Exposure assessment

90 Two semi-quantitative questions served as the proxy measures of the frequency of antibiotics exposure 
91 in preschool age, with detailed explanations for the definitions of URTI and antibiotics. In our study, 
92 the definition of URTI refers to a series of acute illnesses that have an effect on the upper respiratory 
93 system including the common cold, acute otitis media, tonsillitis/tonsillopharyngitis, sinusitis and 
94 recurrent sinusitis.[19] The first question was “How often did you have URTI in your preschool age or 
95 before 7 years old”, with three potential responses:≤1 time/year, 2-3 times/year”, and “4 or more 
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96 times/year”. The second question was “How often did you receive antibiotics treatment when you had 
97 a URTI”, with four responses: “rare”, “occasional”, “often, orally; and “often, intravenously”.

98 2.3 Outcome assessment

99 Diagnosis of skin diseases and inquiry of disease history were performed by dermatologists during the 
100 field survey. All subjects underwent skin examination by resident doctors in dermatology, and the 
101 diagnoses were further validated by senior dermatologists. Clinical manifestation, disease history, and 
102 family history were inquired about, and inspections were conducted to diagnose skin diseases. For 
103 recurrent skin diseases, only those with current symptoms and cutaneous lesions were diagnosed as 
104 cases. AD was diagnosed according to the Williams criteria.[20] Hand eczema was diagnosed 
105 according to eczema (rash) on the fingers, finger webs, palms, or back of hands, which had appeared 
106 once and continued for at least two weeks or had appeared several times or had been persistent. 
107 Allergies and urticaria were diagnosed by clinical manifestations, potential triggers, and histories. 
108 Asthma, allergic rhinitis, and allergic conjunctivitis were self-reported according to doctors’ diagnoses. 
109 We also combined some of the outcomes. Atopic march is an apparent progression of allergic diseases 
110 from AD, to allergic asthma (AA) to allergic rhinitis (AR) and allergic conjunctivitis.[21, 22] We 
111 include the conditions of AD, AA, AR, and allergic conjunctivitis for the outcome of the atopic march.  
112 Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 
113 Participants with a history of atopic/allergic conditions but without the current disease are excluded.

114 2.4 Covariates

115 Demographic characteristics, socioeconomic status (annual family income and parental highest 
116 educational level), family history, behavioral factors (dietary and bathing habits) were inquired by the 
117 questionnaire.

118 2.5 Statistical analysis

119 Categorical data were presented as number (%), and the between-group difference was tested using the 
120 chi-square test. Two-level Probit regression models (individual as level 1 and university as level 2) 
121 were used to estimate the associations of preschool exposure to antibiotics with atopic skin diseases in 
122 young adulthood, adjusting for level-1 covariates (gender, ethnicity, annual household income and 
123 parental education) and level-2 random effects. The effect size was presented as relative risk (RR) and 
124 95% confidence interval (CI). P< 0.05 was considered statistically significant for all tests. Statistical 
125 analysis was performed in SAS 9.4 (SAS Institute Inc., Cary, USA).

126 3 Results

127 A total of 27144 registries for new enrolment was identified; among them, 21086 (77.7%) consented 
128 to participate, and 20138 (74.2%) who underwent the health examination and completed the online 
129 questionnaire survey were included in the final analyses. The mean age was 18.3± 0.8 years and 10289 
130 (51.1%) were men. The characteristics of participants in the study are shown in the Table 1. The 
131 prevalence rates of chronic urticaria, allergic reactions to food/drug/light, hand eczema, and AD were 
132 1.89%, 2.27%, 3.35%, and 3.86%, respectively. The prevalence rates of AD and allergic skin disease 
133 were 3.86 % and 4.14%, respectively (Figure 1 and Table S1).

134 In general, URTI and the use of antibiotics were significantly associated with atopic and allergic 
135 diseases dose-dependently (Figure 1 and Table S1). For example, the prevalence of AD increased from 
136 3.39% to 4.11% and 4.79% in participants who reported rare or occasional use, frequent oral use, and 
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137 frequent intravenous use of antibiotics, respectively. Consistent trends could be observed in all atopic 
138 and allergic diseases and their combinations.

139 After adjustments for sociodemographic factors (Figure 2 and Table S2), URTI and the use of 
140 antibiotics were significantly associated with atopic/allergic skin diseases in dose-response manners. 
141 For instance, compared to those reporting rare or occasional use of antibiotics, the RRs for AD in 
142 participants who reported frequent oral administration and intravenous injection of antibiotics was 1.18 
143 (95% CI: 1.01, 1.39) and 1.36 (95% CI: 1.14, 1.62), respectively. For other allergies or atopic disease 
144 of skin or beyond skin, the correlations were highly consistent despite some variations in the magnitude 
145 of the association.

146 Because our study was not a prospective cohort, it was difficult to know if antibiotic use was ahead of 
147 suffering from AD. We further evaluated the joint effect of URTI and antibiotics on AD by including 
148 an interaction term in the model. As shown in Figure 3, in each category of antibiotic use, the frequency 
149 of URTI was positively associated with the risk of AD. Vice versa, in each category of URTI, antibiotic 
150 use was positively associated with AD according to the effect size, despite some insignificant results 
151 in categories with a small sample size.

152 4 Discussion

153 This retrospective cohort study demonstrated that preschool exposure to antibiotics, either through oral 
154 administration or intravenous infusion, was associated with increased risks of having allergic and 
155 atopic skin diseases in young adulthood. Participants who reported frequent URTI in preschool-age 
156 also had higher risks of allergies and atopy. 

157 Similar trends were identified in previous observational studies that early-life antibiotic use was 
158 associated with an increased risk of eczema, but there were still some inconsistent results.[23, 24] 
159 Meta-analysis including 22 studies with 394,517 patients concluded that children with antibiotics 
160 exposure in the first two years had increased odds of atopic eczema with an OR of 1.26 (95%CI: 1.15-
161 1.37). Notably, the onset age of the outcomes in the included studies was the period of childhood (<12 
162 years old). [7] A large population-based retrospective cohort study in twins showed that antibiotic use 
163 was also associated with an increased risk of eczema; however, it is likely that the relationship between 
164 early-life antibiotic use and eczema was confounded by shared familial environment and genetic 
165 factors.[25] However, current data lacked the information regarding the atopic and allergic skin 
166 diseases occurred in late adolescence to early adulthood, while we firstly investigated the effects of 
167 preschool antibiotic in a retrospective study and revealed a positive association.

168 Evidence showed that AD was the first manifestation of an atopic phenotype which begins in early 
169 childhood and the progression from AD to the diseases such as food allergy, asthma, and allergic 
170 rhinitis were more likely to be shown in adolescence.[22, 26, 27] The mechanisms behind the march 
171 from AD to allergic airway diseases and allergic conjunctivitis likely arise from initial epicutaneous 
172 allergen sensitization inducing robust local and systemic type 2 immune responses with increased 
173 production of type 2 cytokines including interleukin (IL)-4, IL-13, IL-31, and thymic stromal 
174 lymphopoietin.[28, 29] Most studies were prone to make these responses responsible for the commonly 
175 shared pathogenesis of cutaneous, airway, and conjunctiva inflammation, supporting the view that AD 
176 is not merely a disease confined to the skin, but is in fact, a systemic disease.[30, 31] Therefore, it 
177 could be explained that the increased risks beyond skin manifestations in young adulthood were 
178 consistent with those of skin diseases and some with even greater effect sizes. While not fully 
179 understood, the underlying mechanism of the association between antibiotics and atopic and allergic 
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180 diseases can be elucidated by microbial diversity. The gut microbial community is dynamic and 
181 variable during the first 3 years of life, before stabilizing to an adult-like state.[32] Studies have 
182 demonstrated continued development through childhood into the teenage years.[33, 34] Dietary intake 
183 plays a key role in the development period of the gut microbiome. Breast-fed infants have microbiota 
184 enriched in Lactobacillus, Staphylococcus, and Bifidobacterium. Studies have shown that human milk 
185 isolates contain symbiotic and potentially probiotic microbes, and supplementation 
186 of Bifidobacteria was found to be effective in primary preventing allergic diseases.[35-37] But among 
187 children of preschool age, the dominance of Bifidobacterium diminishes with the alteration in dietary 
188 intake.[15] On the other hand, the high prevalence of antibiotic use may also lead to a concurrent 
189 increase in antibiotic-resistant bacteria.[38, 39] Antibiotic-treated children have a less diverse gut 
190 microbiota and less stable communities. Antibiotic therapy affects microbiome variety and thus may 
191 increase the risk of atopic diseases.[40, 41]

192 In our study, increased risks of atopic march or allergic diseases were observed in students who 
193 reported frequent URTI. Another potential explanation was related to the infections which could also 
194 affect microbial conditions. Except for the change in diet, children of preschool age tend to be exposed 
195 to more diverse microbes and infectious diseases including URTI in kindergarten or external 
196 environments. Respiratory viral infections, in particular, have been shown to initiate a cascade of host 
197 immune responses altering microbial growth in the respiratory tract and gut,[42] which could further 
198 shape atopic microenvironments.

199 Several limitations should be noted, and the results should be interpreted with caution. First, recall bias 
200 in the measurement of exposure to antibiotics might have been introduced. While recall bias on the 
201 frequency of antibiotics use and URTIs should not be ignored, this is a limitation in most retrospective 
202 studies. Second, there was a lack of information about the type and dose of antibiotics, and we could 
203 not attribute the association to specific antibiotics. Third, there might be a reversed causal relationship, 
204 because antibiotics could be used in the treatment of AD and other conditions accompanied by bacterial 
205 infection. Last but not least, we assessed the role of URTI and antibiotics separately, because the two 
206 variables were significantly correlated (contingency coefficient=0.4, P<0.001) and were therefore not 
207 included in the same model to avoid collinearity and biased estimation of parameters. It is possible that 
208 the association of URTI with AD and allergies is confounded by antibiotics, and vice versa. 

209 However, both infection and antibiotics may be correlated with allergies/atopies, with different 
210 mechanisms. Although under the hygiene hypothesis, exposure to pathogens during infancy and early 
211 childhood has been proposed to explain the lower prevalence of asthma and other atopic diseases 
212 among children in developing countries,[43, 44] some studies showed that early respiratory infections 
213 could not protect against atopic eczema or recurrent wheezing, but could drive the development of 
214 atopic disease. [45-49] Atopic sensitization, a process of generation of specific immunoglobulin E 
215 (sIgE) when exposed to an innocuous antigen, was common to all allergic diseases. As preschool URTI 
216 most probably represent viral infections in the majority of cases, some studies investigated a potential 
217 mechanistic explanation for how a respiratory viral infection could drive the development of atopic 
218 sensitization and disease. Martorano et al. used a Sendai virus to establish the mouse model mimicking 
219 a human limited respiratory syncytial virus infection and found that Sendai virus infection could 
220 promote the crosslinking of high-affinity IgE receptor (FcεRI) on the lung conventional dendritic cells 
221 (cDC), which led to the production of the chemokine CCL28, recruiting IL-13 and driving the 
222 development of mucous cell metaplasia and airway hyperreactivity.[50] Another animal study found 
223 that except for the increase of sIgE against Sendai virus in mice, there was also a large increase in total 
224 IgE and it remained elevated long after the viral infection being resolved.[51] This notion has further 
225 been fuelled by findings that mice infected with flu virus developed virus-specific mast cell 
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226 degranulation in the skin, indicating a possible pathway of viral infections that could mediate allergic 
227 symptoms.[52] Besides, the respiratory viral infections were shown to initiate a cascade of host 
228 immune responses altering microbial growth in the respiratory tract and gut.[42, 53] However, we 
229 cannot ignore that infections that do not require antibiotics are not captured in our design, such that it 
230 is difficult to assess whether the observed association is caused by a specific infection or antibiotics 
231 because they occur simultaneously in many cases.

232 Our study also has strengths. The primary strength is that the sample size for the retrospective cohort 
233 study was large. Second, the outcomes were diagnosed by specialists. In contrast, some previous 
234 studies used self-reported diagnoses that might introduce misclassification bias. Third, the study had a 
235 relatively large and representative sample, and sufficient variations in geographic regions and 
236 sociodemographic subgroups. The random effect at the university level was fitted by the 2-level 
237 models, resulting in an unbiased estimation of associations.

238 To conclude, preschool children exposed to URTI or antibiotics may be at higher risks of atopic and 
239 allergic skin diseases in their young adulthood, especially among those who frequently had URTI or 
240 received antibiotics by intravenous infusion. Our study implies that unnecessary antibiotics treatment 
241 in children should be avoided to prevent the occurrence of atopic and allergic diseases in their later 
242 life. Prospective studies that consider the type and dose of antibiotics are warranted.

243
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434 Figure legends

435 Figure 1. The prevalence of atopic and allergic diseases in exposure vs. non-exposure group of 
436 antibiotics and URTI.

437 Figure 2. Association of early-life exposure to antibiotics with the risk of atopic/allergic diseases later 
438 in life. RR: risk ratio; CI: confidence interval.

439 Figure 3. The joint effect of URTI and antibiotics on AD after including an interaction term in the 
440 model. RR: risk ratio; CI: confidence interval.

441

442 Supplementary file captions

443 Table S1. The prevalence of atopic and allergic diseases in college students.

444 Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college 
445 students.
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446 Table1. Characteristics of participants in the Present Study (N=20138)
Characteristics N %

Gender

Male 10289 51.1

Female 9849 48.9

Income (CNY)

<10,000 2169 10.8

10,000–29,999 4378 21.7

30,000–49,999 3470 17.2

50,000–99,999 4419 21.9

100,000–199,999 4065 20.2

≥200,000 1637 8.1
Parental highest 

education
Primary school 2288 11.5

Middle school 5557 28

High school 4782 24.1

College and above 7233 36.4

Ethnicity

Han Chinese 16230 80.6

Other ethnicities 3908 19.4

447
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Association of early-life exposure to antibiotics with the risk of atopic/allergic diseases later in life. RR: risk 
ratio; CI: confidence interval. 
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The joint effect of URTI and antibiotics on AD after including an interaction term in the model. RR: risk ratio; 
CI: confidence interval. 
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Supplementary file captions
Table S1. The prevalence of atopic and allergic diseases in college students.
Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students.
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Table S1. The prevalence of atopic and allergic diseases in college students
URTI, % Antibiotics, %

Disease Prevalencea

Rare Occasional Frequent Rare / occasional Often,orally
Often, 

intravenously

Skin 

Atopic dermatitis 3.86 2.99 3.99 5.1 3.39 4.11 4.79

Hand eczema 3.35 2.49 3.54 4.38 3.01 3.79 3.57

Allergic reactions to 
food/drug/light

2.27 2.08 2.22 2.85 2.06 2.37 2.69

Chronic urticaria 1.89 1.65 1.8 2.78 1.65 2.08 2.28

Allergic skin disease b 4.14 3.73 4 5.56 3.7 4.45 4.88

Beyond skin

Atopic march c 15.6 11.79 15.88 22.34 13.33 17.19 19.47

Allergic conjunctivitis 0.76 0.55 0.73 1.32 0.61 0.84 1.05

Allergic rhinitis 15.6 8.34 11.55 16.39 9.56 12.63 14.03

Asthma 1.51 0.79 1.49 3.06 1.08 1.83 2.19
a The total prevalence of atopic and allergic diseases in our study population.
b Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
c Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students
URTI, aRR (95%CI) a Antibiotics, aRR (95%CI) a

Disease
Rare Occasional Frequent Rare / occasional Often, orally Often, intravenously

Skin

Atopic dermatitis Reference 1.32 (1.09, 1.54) 1.59 (1.27, 1.98) Reference 1.18 (1.01, 1.39) 1.36 (1.14, 1.62)

Hand eczema Reference 1.32 (1.08, 1.56) 1.60 (1.26, 2.02) Reference 1.27 (1.08, 1.49) 1.17 (0.95, 1.44)

Allergic reactions to food/drug/light Reference 1.10 (0.92, 1.28) 1.30 (1.04, 1.63) Reference 1.15 (0.97, 1.37) 1.36 (1.12, 1.65)

Chronic urticaria Reference 0.97 (0.76, 1.17) 1.58 (1.21, 2.05) Reference 1.13 (0.90, 1.40) 1.39 (1.09, 1.78)

Allergic skin disease b Reference 1.04 (0.89, 1.20) 1.46 (1.22, 1.76) Reference 1.16 (1.01, 1.34) 1.33 (1.13, 1.57)

 Beyond skin

Atopic march c Reference 1.39 (1.26, 1.52) 2.08 (1.85, 2.34) Reference 1.35 (1.24, 1.48) 1.55 (1.40, 1.71)

Allergic conjunctivitis Reference 1.89 (1.13, 2.66) 3.49 (2.05, 5.96) Reference 1.58 (1.08, 2.32) 2.72 (1.75, 4.23)

Allergic rhinitis Reference 1.43 (1.27, 1.59) 2.13 (1.86, 2.43) Reference 1.39 (1.26, 1.53) 1.56 (1.39, 1.74)

Asthma Reference 2.56 (1.69, 3.43) 4.89 (3.20, 7.47) Reference 1.92 (1.52, 2.43) 2.10 (1.64, 2.70)
a Adjusted for the fixed effects of gender, income, education, and ethnicity and the random effect of university.
b Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
c Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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26 Abstract

27 Background: Overuse and misuse of antibiotics is a public health problem in low- and middle-income 
28 countries. Although the association of antibiotics with atopic and allergic diseases has been established, 
29 most studies focused on prenatal exposure and the occurrence of disease in infants or young children.

30 Objective: To investigate the association of preschool use of antibiotics with atopic and allergic skin 
31 diseases in young adulthood for the association of antibiotics use with eczema.

32 Design: Population-based retrospective cohort.

33 Setting and participants: The first-year college students (n=20123) from five universities were 
34 investigated. The sampled universities are located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, 
35 respectively.

36 Methods: We conducted a dermatological field examination and a questionnaire survey inquiring the 
37 participants about the frequency of upper respiratory tract infection (URTI) and the preschool 
38 antibiotics use (before 7 years old). The two-level Probit model was used to estimate the associations, 
39 and adjusted risk ratio (aRR) and 95% confidence interval (CI) were presented as the effect size.

40 Results: A total of 20123 participants with complete information was included in the final analysis. 
41 The frequent antibiotics use intravenously (aRR 1.36, 95% CI 1.14–1.62) and orally (aRR 1.18, 95% 
42 CI 1.01–1.39) before 7 years old was significantly associated with atopic dermatitis in young 
43 adulthood. Similar trends could be observed in allergic skin diseases among those who use antibiotics 
44 orally and intravenously, with RRs of 1.16 (1.01, 1.34) and 1.33 (1.13, 1.57), respectively.

45 Conclusions: Preschool URTI and antibiotics use significantly increases the risk of atopic and allergic 
46 skin diseases in young adulthood.

47 Strengths and limitations of this study

48  The main outcomes were diagnosed by specialists instead of self-report.

49  This study provides a relatively large and representative sample, and sufficient variations in 
50 geographic regions and sociodemographic subgroups, as well as the random effect at the 
51 university level, was fitted by the 2-level models, resulting in an unbiased estimation of 
52 associations.

53  Recall bias in the measurement of exposure to antibiotics might have been introduced, which 
54 could not be ignored in most retrospective studies.

55  We lacked the information about the type and dose of antibiotics, and there might be a reversed 
56 causal relationship because antibiotics could be used in the treatment of AD and other 
57 conditions accompanied by a bacterial infection.

58
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59 1 Introduction

60 The incidence and prevalence of atopic and allergic conditions such as asthma, allergic rhinitis, 
61 food allergies, and atopic dermatitis (AD) among the worldwide population have significantly 
62 increased during the past several decades.[1-3] An area of environmental change that may be 
63 responsible for the increase of allergic and atopic diseases is the growing use of medications that may 
64 alter the development of the human microbiome.[4] It also seems that the use of some antibiotics, 
65 which can directly cause intestinal dysbiosis and affect the human microbiome and increase the risk 
66 for allergy development, is of particular concern in light of accumulating evidence.[5-7]

67 Furthermore, overuse and misuse of antibiotics is a severe public health problem worldwide, 
68 especially in low- and middle-income countries. In the last decade, prescriptions of broad-spectrum 
69 antibiotics increased by 49% in children under five years and doubled in children aged 5–17 years, 
70 concomitant with the increasing prevalence of allergic diseases.[8, 9] In China, 70% of outpatients 
71 attending primary care facilities with colds were inappropriately treated with antibiotics, often by 
72 intravenous infusion. The situation is even worse in children because many parents demand treatment 
73 with antibiotics[10]. However, most upper respiratory tract infections (URTI) in children are viral, for 
74 which antibiotics are unnecessary.[11-13]

75 The association between the use of antibiotics and atopic and allergic diseases has been observed 
76 in longitudinal studies. But most studies focused on antibiotics use during pregnancy or infancy when 
77 early colonization is initiated by maternal microbes.[14-17] With the childhood microbiome transition 
78 owing to alterations in food and exposure to more diverse microbes in external environments, children 
79 in preschool age (<7 yrs) are at higher risks of URTI infection and antibiotics treatment. However, the 
80 effect of antibiotics used during this period on atopic and allergic skin diseases that occurred in their 
81 young adulthood is not clear. The objective of this study was to evaluate the hypothesis that exposure 
82 to antibiotics in preschool age is associated with an increased risk of allergic and atopic skin diseases 
83 in young adulthood. We tested this hypothesis by conducting a retrospective study on college students. 

84

85 2 Materials and Methods

86 2.1 Study setting and design

87 This was a retrospective cohort study based on the data from the China College Student Skin Health 
88 Study (CCSSHS)[18]. The first-year college students from five universities were investigated. They 
89 underwent a health examination and completed a questionnaire survey. The sampled universities are 
90 located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, respectively. The medical ethics 
91 committee of Xiangya Hospital, Central South University, approved the study (#201709993).

92 2.2 Exposure assessment

93 Two semi-quantitative questions served as the proxy measures of the frequency of antibiotics exposure 
94 in preschool age, with detailed explanations for the definitions of URTI and antibiotics. In our study, 
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95 the definition of URTI refers to a series of acute illnesses that have an effect on the upper respiratory 
96 system including the common cold, acute otitis media, tonsillitis/tonsillopharyngitis, sinusitis, and 
97 recurrent sinusitis.[19] The first question was “How often did you have URTI in your preschool-age 
98 or before 7 years old”, with three potential responses:≤1 time/year, 2-3 times/year”, and “4 or more 
99 times/year”. The second question was “How often did you receive antibiotics treatment when you had 

100 a URTI”, with four responses: “rare”, “occasional”, “often, orally; and “often, intravenously”.

101 2.3 Outcome assessment

102 Diagnosis of skin diseases and inquiry of disease history were performed by dermatologists during the 
103 field survey. All subjects underwent skin examination by resident doctors in dermatology, and the 
104 diagnoses were further validated by senior dermatologists. Clinical manifestation, disease history, and 
105 family history were inquired about, and inspections were conducted to diagnose skin diseases. For 
106 recurrent skin diseases, only those with current symptoms and cutaneous lesions were diagnosed as 
107 cases. AD was diagnosed according to the Williams criteria.[20] Hand eczema was diagnosed 
108 according to eczema (rash) on the fingers, finger webs, palms, or back of hands, which had appeared 
109 once and continued for at least two weeks or had appeared several times or had been persistent. 
110 Allergies and urticaria were diagnosed by clinical manifestations, potential triggers, and histories. 
111 Asthma, allergic rhinitis, and allergic conjunctivitis were self-reported according to doctors’ diagnoses. 
112 We also combined some of the outcomes. Atopic march is an apparent progression of allergic diseases 
113 from AD, to allergic asthma (AA) to allergic rhinitis (AR) and allergic conjunctivitis.[21, 22] We 
114 include the conditions of AD, AA, AR, and allergic conjunctivitis for the outcome of the atopic march.  
115 Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 
116 Participants with a history of atopic/allergic conditions but without the current disease are excluded.

117 2.4 Covariates

118 Demographic characteristics, socioeconomic status (annual family income and parental highest 
119 educational level), family history, behavioral factors (dietary, passive smoking, and bathing habits) 
120 were enquired by the questionnaire.

121 2.5 Statistical analysis

122 Categorical data were presented as number (%), and the between-group difference was tested using the 
123 chi-square test. Two-level Probit regression models (individual as level 1 and university as level 2) 
124 were used to estimate the associations of preschool exposure to antibiotics with atopic skin diseases in 
125 young adulthood, adjusting for level-1 covariates (gender, ethnicity, annual household income, and 
126 parental education) and level-2 random effects. The effect size was presented as relative risk (RR) and 
127 95% confidence interval (CI). P< 0.05 was considered statistically significant for all tests. Statistical 
128 analysis was performed in SAS 9.4 (SAS Institute Inc., Cary, USA).

129 3 Results

130 A total of 27144 registries for new enrolment was identified; among them, 21086 (77.7%) consented 
131 to participate, and 20123 (74.1%) who underwent the health examination and completed the online 

Page 5 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 S

ep
tem

b
er 2021. 

10.1136/b
m

jo
p

en
-2020-047768 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

 Preschool antibiotics and atopic/allergic diseases

5

132 questionnaire survey were included in the final analyses. The mean age was 18.3± 0.8 years and 10283 
133 (51.1%) were men. The characteristics of participants in the study are shown in Table 1. The prevalence 
134 rates of chronic urticaria, allergic reactions to food/drug/light, hand eczema, and AD were 1.89%, 
135 2.27%, 3.35%, and 3.86%, respectively. The prevalence rates of AD and allergic skin disease were 
136 3.86 % and 4.14%, respectively (Figure 1 and Table S1).

137 In general, URTI and the use of antibiotics were significantly associated with atopic and allergic 
138 diseases (Figure 1 and Table S1). For example, the prevalence of AD increased from 3.39% to 4.11% 
139 and 4.79% in participants who reported rare or occasional use, frequent oral use, and frequent 
140 intravenous use of antibiotics, respectively. Consistent trends could be observed in all atopic and 
141 allergic diseases and their combinations.

142 After adjustments for sociodemographic factors (Figure 2 and Table S2), URTI and the use of 
143 antibiotics were significantly associated with atopic/allergic skin diseases. For instance, compared to 
144 those reporting rare or occasional use of antibiotics, the RRs for AD in participants who reported 
145 frequent oral administration and intravenous injection of antibiotics were 1.18 (95% CI: 1.01, 1.39) 
146 and 1.36 (95% CI: 1.14, 1.62), respectively. For other allergies or atopic diseases of skin or beyond the 
147 skin, the correlations were highly consistent despite some variations in the magnitude of the 
148 association. 

149 Because our study was not a prospective cohort, it was difficult to know if antibiotic use was ahead of 
150 suffering from AD. We further evaluated the joint effect of URTI and antibiotics on AD by including 
151 an interaction term in the model. As shown in Figure 3, in each category of antibiotic use, the frequency 
152 of URTI was positively associated with the risk of AD. Vice versa, in each category of URTI, antibiotic 
153 use was positively associated with AD according to the effect size, despite some insignificant results 
154 in categories with small sample size. 

155 4 Discussion

156 This retrospective cohort study demonstrated that preschool exposure to antibiotics, either through oral 
157 administration or intravenous infusion, was associated with increased risks of having allergic and 
158 atopic skin diseases in young adulthood. Participants who reported frequent URTI in preschool-age 
159 also had higher risks of allergies and atopy. 

160 Similar trends were identified in previous observational studies that early-life antibiotic use was 
161 associated with an increased risk of eczema, but there were still some inconsistent results.[23, 24] 
162 Meta-analysis including 22 studies with 394,517 patients concluded that children with antibiotics 
163 exposure in the first two years had increased odds of atopic eczema with an OR of 1.26 (95% CI: 1.15-
164 1.37). Notably, the onset age of the outcomes in the included studies was the period of childhood (<12 
165 years old). [7] A large population-based retrospective cohort study in twins showed that antibiotic use 
166 was also associated with an increased risk of eczema; however, it is likely that the relationship between 
167 early-life antibiotic use and eczema was confounded by shared familial environment and genetic 
168 factors.[25] However, current data lacked the information regarding the atopic and allergic skin 
169 diseases occurred in late adolescence to early adulthood, while we firstly investigated the effects of 
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170 preschool antibiotic in a retrospective study and revealed a positive association. Furthermore, we have 
171 provided the data on the health seeking behavior dealing with a cold or fever in preschool age (shown 
172 in Table S3), and we found there were 66.2% in participants with the atopic march and 64.7% in 
173 participants allergic skin disease showed that they/their parents would like to receive antibiotics 
174 treatment when the participants had a cold/fever in their preschool age. In those without atopic/allergic 
175 diseases, this proportion ratio was 61.5%. We did not observe a significant difference in health seeking 
176 behavior in our study, as most of the Chinese parents could pay close attention to the preschool health 
177 of children, and keep a non-exclusion attitude to antibiotics use. Keeping antibiotics at home for 
178 children was pervasive in China, as well as the parents sought medical care and use antibiotics in 
179 dealing with respiratory tract infections.  

180 Evidence showed that AD was the first manifestation of an atopic phenotype which begins in early 
181 childhood and the progression from AD to the diseases such as food allergy, asthma, and allergic 
182 rhinitis were more likely to be shown in adolescence.[22, 26, 27] The mechanisms behind the march 
183 from AD to allergic airway diseases and allergic conjunctivitis likely arise from initial epicutaneous 
184 allergen sensitization inducing robust local and systemic type 2 immune responses with increased 
185 production of type 2 cytokines including interleukin (IL)-4, IL-13, IL-31, and thymic stromal 
186 lymphopoietin.[28, 29] Most studies were prone to make these responses responsible for the commonly 
187 shared pathogenesis of cutaneous, airway, and conjunctiva inflammation, supporting the view that AD 
188 is not merely a disease confined to the skin, but is in fact, a systemic disease.[30, 31] Therefore, it 
189 could be explained that the increased risks beyond skin manifestations in young adulthood were 
190 consistent with those of skin diseases and some with even greater effect sizes. While not fully 
191 understood, the underlying mechanism of the association between antibiotics and atopic and allergic 
192 diseases can be elucidated by microbial diversity. The gut microbial community is dynamic and 
193 variable during the first 3 years of life, before stabilizing to an adult-like state.[32] Studies have 
194 demonstrated continued development through childhood into the teenage years.[33, 34] Dietary intake 
195 plays a key role in the development period of the gut microbiome. Breast-fed infants have microbiota 
196 enriched in Lactobacillus, Staphylococcus, and Bifidobacterium. Studies have shown that human milk 
197 isolates contain symbiotic and potentially probiotic microbes, and supplementation 
198 of Bifidobacteria was found to be effective in primary preventing allergic diseases.[35-37] But among 
199 children of preschool age, the dominance of Bifidobacterium diminishes with the alteration in dietary 
200 intake.[15] On the other hand, the high prevalence of antibiotic use may also lead to a concurrent 
201 increase in antibiotic-resistant bacteria.[38, 39] Antibiotic-treated children have a less diverse gut 
202 microbiota and less stable communities. Antibiotic therapy affects microbiome variety and thus may 
203 increase the risk of atopic diseases.[40, 41]

204 In our study, increased risks of atopic march or allergic diseases were observed in students who 
205 reported frequent URTI. Another potential explanation was related to the infections which could also 
206 affect microbial conditions. Except for the change in diet, children of preschool age tend to be exposed 
207 to more diverse microbes and infectious diseases including URTI in kindergarten or external 
208 environments. Respiratory viral infections, in particular, have been shown to initiate a cascade of host 
209 immune responses altering microbial growth in the respiratory tract and gut,[42] which could further 
210 shape atopic microenvironments.
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211 Several limitations should be noted, and the results should be interpreted with caution. First, recall bias 
212 in the measurement of exposure to antibiotics might have been introduced. While recall bias on the 
213 frequency of antibiotics use and URTIs should not be ignored, this is a limitation in most retrospective 
214 studies. We are not able to validate the medical records because China does not have a registry system 
215 for primary care, and a large number of patients with mild conditions also visit doctors in secondary 
216 and tertiary hospitals. While participants could obtain the information from their parents, but 
217 unfortunately, we could not evaluate the extent of recall bias. This will be in our further consideration 
218 in future studies.

219 Second, there was a lack of information about the type and dose of antibiotics, and we could not 
220 attribute the association to specific antibiotics. Third, there might be a reversed causal relationship, 
221 because antibiotics could be used in the treatment of AD and other conditions accompanied by bacterial 
222 infection. Last but not least, we assessed the role of URTI and antibiotics separately, because the two 
223 variables were significantly correlated (contingency coefficient=0.4, P<0.001) and were therefore not 
224 included in the same model to avoid collinearity and biased estimation of parameters. The association 
225 of URTI with AD and allergies may be confounded by antibiotics, and vice versa. 

226 However, both infection and antibiotics may be correlated with allergies/atopies, with different 
227 mechanisms. Although under the hygiene hypothesis, exposure to pathogens during infancy and early 
228 childhood has been proposed to explain the lower prevalence of asthma and other atopic diseases 
229 among children in developing countries,[43, 44] some studies showed that early respiratory infections 
230 could not protect against atopic eczema or recurrent wheezing, but could drive the development of 
231 atopic disease. [45-49] Atopic sensitization, a process of generation of specific immunoglobulin E 
232 (sIgE) when exposed to an innocuous antigen, was common to all allergic diseases. As preschool URTI 
233 most probably represent viral infections in the majority of cases, some studies investigated a potential 
234 mechanistic explanation for how a respiratory viral infection could drive the development of atopic 
235 sensitization and disease. Martorano et al. used a Sendai virus to establish the mouse model mimicking 
236 a human limited respiratory syncytial virus infection and found that Sendai virus infection could 
237 promote the crosslinking of high-affinity IgE receptor (FcεRI) on the lung conventional dendritic cells 
238 (cDC), which led to the production of the chemokine CCL28, recruiting IL-13 and driving the 
239 development of mucous cell metaplasia and airway hyperreactivity.[50] Another animal study found 
240 that except for the increase of sIgE against Sendai virus in mice, there was also a large increase in total 
241 IgE and it remained elevated long after the viral infection being resolved.[51] This notion has further 
242 been fuelled by findings that mice infected with the flu virus developed virus-specific mast cell 
243 degranulation in the skin, indicating a possible pathway of viral infections that could mediate allergic 
244 symptoms.[52] Besides, the respiratory viral infections were shown to initiate a cascade of host 
245 immune responses altering microbial growth in the respiratory tract and gut.[42, 53] However, we 
246 cannot ignore that infections that do not require antibiotics are not captured in our design, such that it 
247 is difficult to assess whether the observed association is caused by a specific infection or antibiotics 
248 because they occur simultaneously in many cases.

249 Our study also has strengths. The primary strength is that the sample size for the retrospective cohort 
250 study was large. Second, the outcomes were diagnosed by specialists. In contrast, some previous 
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251 studies used self-reported diagnoses that might introduce misclassification bias. Third, the study had a 
252 relatively large and representative sample, and sufficient variations in geographic regions and 
253 sociodemographic subgroups. The random effect at the university level was fitted by the 2-level 
254 models, resulting in an unbiased estimation of associations.

255 To conclude, preschool children exposed to URTI or antibiotics may be at higher risks of atopic and 
256 allergic skin diseases in their young adulthood, especially among those who frequently had URTI or 
257 received antibiotics by intravenous infusion. Our study implies that unnecessary antibiotics treatment 
258 in children should be avoided to prevent the occurrence of atopic and allergic diseases in their later 
259 life. Prospective studies that consider the type and dose of antibiotics are warranted.

260
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261 5 Data Availability Statement

262 The data that support the findings of this study are available from the corresponding author upon 
263 reasonable request.

264

265 6 Ethics statement

266 This study was conducted according to the guidelines established in the Declaration of Helsinki. All 
267 procedures involving patients were approved by the institutional research ethics boards of Xiangya 
268 Hospital, Central South University (Changsha, China). Informed consent was obtained from all the 
269 students before the investigation.

270

271 7 Patient and Public Involvement Statement

272 This is a retrospective cohort study based on the data from the China College Student Skin Health 
273 Study (CCSSHS). The first-year college students from five universities were recruited and 
274 investigated. They underwent a health examination and completed a questionnaire survey, and the 
275 results will be disseminated to study participants by a medical examination report. Participants were 
276 not involved in the design and implementation of the study.
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457 Figure legends

458 Figure 1. The prevalence of atopic and allergic diseases in exposure vs. non-exposure group of 
459 antibiotics and URTI.

460 Figure 2. Association of early-life exposure to antibiotics with the risk of atopic/allergic diseases later 
461 in life. RR: risk ratio; CI: confidence interval.

462 Figure 3. The joint effect of URTI and antibiotics on AD after including an interaction term in the 
463 model. RR: risk ratio; CI: confidence interval.

464

465 Supplementary file captions

466 Table S1. The prevalence of atopic and allergic diseases in college students.

467 Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college 
468 students.

469 Table S3. Health seeking behavior when dealing with a cold or fever in the preschool age.

470 Material S1. Chinese college students health survey questionaire (Translation version in English).
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471 Table1. Characteristics of participants in the Present Study (N=20123).
472

Characteristics N %

Gender

Male 10283 51.1

Female 9840 48.9

Income (CNY)

<10,000 2168 10.8

10,000–29,999 4376 21.7

30,000–49,999 3465 17.2

50,000–99,999 4417 22.0

100,000–199,999 4063 20.2

≥200,000 1634 8.1

Parental highest 
education

Primary school 1320 6.6

Middle school 5316 26.4

High school 5021 24.9

College and above 8466 42.1

Ethnicity

Han Chinese 16218 80.6

Other ethnicities 3905 19.4

Passive smoke exposure

Hardly 15883 78.9

Often 4240 21.1

473
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Supplementary file captions 

Table S1. The prevalence of atopic and allergic diseases in college students. 
Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students. 

Table S3. Health seeking behavior when dealing with a cold or fever in the preschool age. 

Material S1. Chinese college students health survey questionnaire (Translation version in English) 
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Table S1. The prevalence of atopic and allergic diseases in college students 

Disease 
N, Prevalence 

(%)a 

URTI, n (%) Antibiotics, n (%) 

Rare Occasional Frequent Rare / occasional Often,orally 
Often, 

intravenously 

Skin         

Atopic dermatitis 776 (3.86) 174 (2.99) 459 (3.99) 143 (5.1) 349 (3.39) 263 (4.11) 164 (4.79) 

Hand eczema 675 (3.35) 145 (2.49) 407 (3.54) 123 (4.38) 310 (3.01) 243 (3.79) 122 (3.57) 

Allergic reactions to 

food/drug/light 
456 (2.27) 121 (2.08) 255 (2.22) 80 (2.85) 212 (2.06) 152 (2.37) 92 (2.69) 

Chronic urticaria 381 (1.89) 96 (1.65) 207 (1.8) 78 (2.78) 170 (1.65) 133 (2.08) 78 (2.28) 

Allergic skin disease b 833 (4.14) 217 (3.73) 460 (4) 156 (5.56) 381 (3.7) 285 (4.45) 167 (4.88) 

Beyond skin        

Atopic march c 3139 (15.6) 687 (11.79) 1825 (15.88) 627 (22.34) 1372 (13.33) 1101 (17.19) 666 (19.47) 

Allergic conjunctivitis 153 (0.76) 32 (0.55) 84 (0.73) 37 (1.32) 63 (0.61) 54 (0.84) 36 (1.05) 

Allergic rhinitis 2273 (15.6) 486 (8.34) 1327 (11.55) 460 (16.39) 984 (9.56) 809 (12.63) 480 (14.03) 

Asthma 303 (1.51) 46 (0.79) 171 (1.49) 86 (3.06) 111 (1.08) 117 (1.83) 75 (2.19) 

a The total prevalence of atopic and allergic diseases in our study population. 

b Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 

c Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis. 
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Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students 

Disease 
URTI, aRR (95%CI) a Antibiotics, aRR (95%CI) a 

Rare Occasional Frequent Rare / occasional Often, orally Often, intravenously 

Skin       

Atopic dermatitis Reference 1.32 (1.09, 1.54) 1.59 (1.27, 1.98) Reference 1.18 (1.01, 1.39) 1.36 (1.14, 1.62) 

Hand eczema Reference 1.32 (1.08, 1.56) 1.60 (1.26, 2.02) Reference 1.27 (1.08, 1.49) 1.17 (0.95, 1.44) 

Allergic reactions to food/drug/light Reference 1.10 (0.92, 1.28) 1.30 (1.04, 1.63) Reference 1.15 (0.97, 1.37) 1.36 (1.12, 1.65) 

Chronic urticaria Reference 0.97 (0.76, 1.17) 1.58 (1.21, 2.05) Reference 1.13 (0.90, 1.40) 1.39 (1.09, 1.78) 

Allergic skin disease b Reference 1.04 (0.89, 1.20) 1.46 (1.22, 1.76) Reference 1.16 (1.01, 1.34) 1.33 (1.13, 1.57) 

 Beyond skin       

Atopic march c Reference 1.39 (1.26, 1.52) 2.08 (1.85, 2.34) Reference 1.35 (1.24, 1.48) 1.55 (1.40, 1.71) 

Allergic conjunctivitis Reference 1.89 (1.13, 2.66) 3.49 (2.05, 5.96) Reference 1.58 (1.08, 2.32) 2.72 (1.75, 4.23) 

Allergic rhinitis Reference 1.43 (1.27, 1.59) 2.13 (1.86, 2.43) Reference 1.39 (1.26, 1.53) 1.56 (1.39, 1.74) 

Asthma Reference 2.56 (1.69, 3.43) 4.89 (3.20, 7.47) Reference 1.92 (1.52, 2.43) 2.10 (1.64, 2.70) 

a Adjusted for the fixed effects of gender, income, education, passive smoking, and ethnicity and the random effect of the university. 

b Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 

c Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Table S3. Health seeking behavior when dealing with a cold or fever in the preschool age.a 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

a Multiple selections are allowed in the questionnaire. 

b Proportion ratios in populations. 

c Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria 

d Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis

Disease condition Total 

Health seeking behavior, n(%)b 

Ignore them 
Drink water or 

have a rest 

Receive 

antibiotics 

orally or 

intravenously 

Receive 

Chinese 

traditional 

medicine orally 

Unknown 

Skin       

Atopic dermatitis 776 20 (2.6) 370 (47.6) 512 (65.9) 194 (25.0) 3 (0.3) 

Hand eczema 675 32 (4.7) 343 (50.8) 430 (63.7) 149 (22.0) 4 (0.5) 

Allergic reactions to 

food/drug/light 
456 9 (2.0) 227 (49.7) 286 (62.7) 95 (20.8) 1 (0.2) 

Chronic urticaria 381 8 (2.1) 158 (41.4) 257 (67.4) 100 (26.2) 1 (0.3) 

Allergic skin disease c 833 17 (2.0) 384 (46.0) 539 (64.7) 194 (23.2) 2 (0.2) 

Beyond skin       

Atopic march d 3139 66 (2.1) 1542 (49.1) 2081 (66.2) 728 (23.1) 12 (0.3) 

Allergic conjunctivitis 153 4 (2.6) 83 (54.2) 107 (69.9) 36 (23.5) 0 (0) 

Allergic rhinitis 2273 42 (1.8) 1135 (49.9) 1515 (66.6) 532 (23.4) 8 (0.4) 

Asthma 303 7 (2.3) 154 (50.8) 206 (67.9) 70 (23.1) 2 (0.6) 

Without atopic/allergic 

diseases 
16343 597 (3.7) 7761 (47.4) 10057 (61.5) 3058 (18.7) 76 (0.4) 
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Material S1. Chinese college students health survey questionnaire (English version) 

Chinese college students health survey questionnaire 

Informed consent 

Welcome to participate in the Chinese University Student Health Survey. In order 

to promte a better health management for Chinese college freshmen, you are invited 

to fill out a questionnaire including several parts: (A) General information; (B) 

Medical history, (C) Lifestyle habits, (D) Skin health, which take about 15 minutes to 

answer. We will provide you with reasonable health education and health management 

based on this information, combined with the results of the health checkup. All the 

information you fill in will be kept strictly confidential. Continue to fill in the 

following content, indicating that you and your guardian have understood and are 

willing to continue to cooperate with our work. Thanks you! 

 

A. General information 

A01. Before you went to university, please provide your address. ___________ 

 (Specific to districts and counties) 

A02. Have you moved to other places (cross-city) in the past 10 years  

(Single selection, if "No" jump to A04) 

 Never  Ever 

A03. If so, the previous address is?___________ (Specific to districts and counties) 

A04. Sex  (Single selection) 

 Male  Female 

A05. Your Ethnicity:_______ 

A06. Annual household income. (Single selection) 

 <10,000  10,000–29,999  30,000–49,999 

 50,000–99,999  100,000–199,999  ≥200,000 

A07. Your father’s highest education (Single selection) 

 Primary school or  Middle school  High school 
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blow 

 College  Postgraduate or 

above 

 Unclear 

A08. Your mother’s highest education (Single selection) 

 Primary school or 

blow 

 Middle school  High school 

 College  Postgraduate or 

above 

 Unclear 

 

B. Medical History 

B01. Have you ever been specifically diagnosed with any of the following 

cardiovascular or metabolic diseases? (Multiple selections are allowed) 

 Hypertension  Coronary heart 

disease 

 Hyperlipidemia 

 Obesity  Fatty liver  Gout 

 Psoriasis  None of above  

B02. Have you ever been diagnosed with any of the following allergic diseases? 

(Multiple selections are allowed) 

  Asthma  Allergic Rhinitis  Allergic 

conjunctivitis 

 Eczema  Urticaria  None of above 

B03. Have you ever been diagnosed with any of the following infectious diseases? 

(Multiple selections are allowed) 

 Tuberculosis or other 

forms of tuberculosis 

 Hepatitis B  Hepatitis C 

 Helicobacter pylori 

infection 

 HIV infection  None of above 

B04. Have you ever been diagnosed with any of the following endocrine diseases? 

(Multiple selections are allowed) 
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 Type 1 diabetes  Type 2 diabetes  Polycystic ovarian 

syndrome 

 Hypertrichosis  Hypothyroidism  Hyperthyroidism 

 Graves disease  Hashimoto 

thyroiditis 

 None of above 

B05.Have you ever been diagnosed with any of the following immune diseases? 

(Multiple selections are allowed) 

 SLE  Scleroderma  Sjogren syndrome 

 Uveitis  Rheumatoid arthritis  Dermatomyositis 

 None of above   

B06. Have you ever been diagnosed with any of the following hematologic 

diseases? (Multiple selections are allowed) 

 Iron-deficiency 

anemia 

 Megaloblastic 

anemia 

 Thalassemia 

 Anemia   Hemophilia  leucocythemia 

 Lymphadenoma  None of above  

B07. Have you ever been diagnosed with any of the following mental or 

neurological disorders? (Multiple selections are allowed) 

 ADHD and attention deficit 

disorder 

 Depressive disorder  Anxiety 

 Schizophrenia  None of above  

B08. Have you ever had any of the following food allergies？(Multiple selections 

are allowed) 

 None  Milk  Egg 

 Wheat  Soybean  Fish 

 Nuts   Fruit  Crustaceans (e.g., shrimp, 

crab, etc.) 

 Others  Unclear 

B09. Have you ever been allergic to any of the following medications? (Multiple 
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selections are allowed) 

 None  Antibiotics  Non-steroidal anti-

inflammatory drugs 

analgesics (e.g., aspirin) 

 Contrast medium  Anesthetic 

 Anticonvulsant  Chemotherapy 

drugs 

 Others 

 

 Unclear 

B10. Have you ever been allergic to any of the following environmental substances? 

(Multiple selections are allowed ) 

 None  Dust mite  Mycete 

 Animal skins  Pollen  House dust 

 Cockroach  Others  Unclear 

B11. Do you have an excessive bug bite response? (Single selection) 

 No  Yes 

B12. In the past year, have you had a dog, cat or other small stuffed animal such as 

rabbit, guinea pig, hamster, etc.? (Multiple selections are allowed) 

 No  Dog  Cat 

 Other stuffed 

animals 

 Unclear  

B13. Do you have a long history of close exposure to chemicals? (Multiple 

selections are allowed) 

 None  Formaldehyde  Gasoline 

 Oil varnish  Others  Unclear 

B14. Have you used or taken any medication almost every day for the last 2 weeks? 

(Multiple selections are allowed)  

 None  Antibiotics  Nonsteroidal anti-

inflammatory drugs 

and analgesics 

(NASIDS) 

 Hormone  Antituberculosis 

drugs 

 Others  Clear 
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B15. Whether breastfed after birth or not. (Single selection) 

 No  Yes  Unclear 

B16. How often do you have "colds and fevers" in your early school years 

(before age of 7 years old)? (Single selection) 

 Rare  Occasional (Several 

times a year) 

 Often (almost every 

month) 

B17. Which way did you (or your parents) usually deal with your "cold or 

fever" in the early school age years? (Multiple selections are allowed)  

 Ignore them  Drink more water or 

have a rest 

 Receive antibiotics 

orally 

 Oral Chinese 

Traditional medicine 

 Receive antibiotics 

intravenously 

 Others 

B18. Which of the following methods can improve or cure your “Cold or fever” 

in the early school age years? (Single selection) 

 It usually cured without   By oral antibiotics occasionally 

 Often by antibiotics orally  Often by antibiotics intravenously 

 

C. Lifestyle Habits 

C01. Do you smoke (refers to smoking at least one cigarette a day for more than six 

months) (Single selection, jump to C3 if you choose "hardly") 

 Hardly  < 1 packet 

/day 

 (about 20 

cigarettes in a 

packect ) 

 1-2 packets 

/day 

 

 > 2 packs/day 

C02. If you smoke, how many years have you smoked in total so far? (Single 

selection) 

 < 1 year  1-3 years  > 3 years 
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C03. In the last month, your frequency of passive smoking is (the involuntary 

inhalation of smoke caused by other people's smoking in your living or working 

environment) (Single selection, jump to C5 if you choose "hardly") 

 Hardly  < 1 day/week  1-2 days/week 

 3-5 days/week  6-7 days/week  

C04. How many years have you been second-hand smoking? (Single selection) 

 < 2 years  2-3 years  4-6 years  > 6 years 

C05. How often do you drink alcohol? (referring to once a week for at least six 

months) (Single selection, jump to C9 if you choose "hardly") 

 Hardly  Once a week  2-4 times/week 

 5-7 times/week  8-10 times/week  > 10 times/week 

C06. How many years have you been drinking? (Single selection) 

 < 1year  1-3years  4-5years  > 5 years 

C07. What's your main drink? (Single selection) 

 Beer  Liqueur  Red wine  Sweet 

wine 

 Chinese 

rice wine 

C08. How much do you drink on average each time? (Single selection) 

 Less (1 bottle of beer, or 50-100g other types of alcohol) 

 Medium (2 bottles of beer, or 100g other types of alcohol) 

 Much (three bottles of beer, or 150g other types of alcohol) 

 A lot (more than 3 bottles of beer, or more than 150g of other types of 

alcohol) 

D. Skin Health 

D01.How many showers do you take per week in the spring and fall? (Single 

selection) 

 ≤1 time per week  2~4 times per week  5~7 times per week 

 8~10 times per 

week 

 >10 times per week  

D02. How long do you take a shower in spring and fall? (Single selection) 
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 < 5 minutes  5-10 minutes  11-20 minutes 

 21-30 minutes  > 30 minutes  

D03. What kind of toiletries do you use most? (Single selection) 

 None  Soap  Shower gel  Others 

D04. In spring and fall, the temperature of your bath is (Single selection) 

 Low temperature(<35 

centigrade) 

 Close to the body 

temperature(35-40 

centigrade) 

 High temperature(> 

40 centigrade) 

D05. Do you use moisturizers all over your body almost daily in fall and winter? 

(Single selection) 

 No  Yes 

D06. How often do you use facial cleansing products (e.g. cleanser, soap)? (Single 

selection) 

 Hardly  Usually  Once per day  ≥twice per 

day 

D07. How often have you washed your hair in the past two years? (Single selection) 

 ≥ Twice per day  Once per day  Once on 

alternate 

days 

 Once every 2-6 days  Once a week or more  

D08. In the past two years, what kind of toiletries you use is? (Single selection) 

 None  Shampoo  Shampoo + 

conditioner 

 Others 

D09. Have you used hair care/hair products in the past two years? (multiple 

selections) 

 None  Essential oil, elastin and other hair 

care products 

 Hair gel  Others 
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Preschool antibiotics and atopic/allergic diseases

2

23 Abstract

24 Background: Overuse and misuse of antibiotics is a public health problem in low- and middle-income 
25 countries. Although the association of antibiotics with atopic and allergic diseases has been established, 
26 most studies focused on prenatal exposure and the occurrence of disease in infants or young children.

27 Objective: To investigate the association of preschool use of antibiotics with atopic and allergic skin 
28 diseases in young adulthood.

29 Design: Population-based retrospective cohort.

30 Setting and participants: The first-year college students (n=20123) from five universities were 
31 investigated. The sampled universities are located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, 
32 respectively.

33 Methods: We conducted a dermatological field examination and a questionnaire survey inquiring the 
34 participants about frequency of upper respiratory tract infection (URTI) and the preschool antibiotics 
35 use (prior to 7 years old). The two-level Probit model was used to estimate the associations, and 
36 adjusted risk ratio (aRR) and 95% confidence interval (CI) were presented as the effect size.

37 Results: A total of 20123 participants with complete information was included in the final analysis. 
38 The frequent antibiotics use intravenously (aRR 1.36, 95% CI 1.14–1.62) and orally (aRR 1.18, 95% 
39 CI 1.01–1.38) prior to 7 years old was significantly associated with atopic dermatitis in young 
40 adulthood. Similar trends could be observed in allergic skin diseases among those who use antibiotics 
41 orally and intravenously, with RRs of 1.16 (1.01, 1.34) and 1.33 (1.13, 1.57), respectively.

42 Conclusions: Preschool URTI and antibiotics use significantly increases the risk of atopic and allergic 
43 skin diseases in young adulthood.

44 Strengths and limitations of this study

45  The main outcomes were diagnosed by specialists instead of self-report.

46  This study provides a relatively large and representative sample, and sufficient variations in 
47 geographic regions and sociodemographic subgroups, as well as the random effect at the 
48 university level was fitted by the 2-level models, resulting in an unbiased estimation of 
49 associations.

50  Recall bias in the measurement of exposure to antibiotics might have been introduced, which 
51 could not be ignored in most retrospective studies.

52  We lacked the information about the type and dose of antibiotics, and there might be a reversed 
53 causal relationship because antibiotics could be used in the treatment of AD and other 
54 conditions accompanied by a bacterial infection.

55
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3

56 1 Introduction

57 The incidence and prevalence of atopic and allergic conditions such as asthma, allergic rhinitis, 
58 food allergies, and atopic dermatitis (AD) among the worldwide population have significantly 
59 increased during the past several decades.[1-3] An area of environmental change that may be 
60 responsible for the increase of allergic and atopic diseases is the growing use of medications which 
61 may alter the development of human microbiome.[4] It also seems that use of some antibiotics, which 
62 can directly cause intestinal dysbiosis and affect human microbiome and increase the risk for allergy 
63 development, is of particular concern in light of accumulating evidence.[5-7]

64 Furthermore, overuse and misuse of antibiotics is a severe public health problem worldwide, 
65 especially in low- and middle-income countries. In the last decade, prescriptions of broad-spectrum 
66 antibiotics increased by 49% in children under five years and doubled in children aged 5–17 years, 
67 concomitant with the increasing prevalence of allergic diseases.[8, 9] In China, 70% of outpatients 
68 attending primary care facilities with colds were inappropriately treated with antibiotics, often by 
69 intravenous infusion. The situation is even worse in children because many parents demand treatment 
70 with antibiotics[10]. However, most upper respiratory tract infections (URTI) in children are viral, for 
71 which antibiotics are unnecessary.[11-13]

72 The association between the use of antibiotics and atopic and allergic diseases has been observed 
73 in longitudinal studies. But most studies focused on antibiotics use during pregnancy or infancy when 
74 early colonization is initiated by maternal microbes.[14-17] With the childhood microbiome transition 
75 owing to alterations in food and exposure to more diverse microbes in external environments, children 
76 in preschool age (<7 yrs) are at higher risks of URTI infection and antibiotics treatment. However, the 
77 effect of antibiotics used during this period on atopic and allergic skin diseases that occurred in their 
78 young adulthood is not clear. The objective of this study was to evaluate the hypothesis that exposure 
79 to antibiotics in preschool age is associated with an increased risk of allergic and atopic skin diseases 
80 in young adulthood. We tested this hypothesis by conducting a retrospective study in college students. 

81

82 2 Materials and Methods

83 2.1 Study setting and design

84 This was a retrospective cohort study based on the data from the China College Student Skin Health 
85 Study (CCSSHS)[18]. The first-year college students from five universities were investigated. They 
86 underwent a health examination and completed a questionnaire survey. The sampled universities are 
87 located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, respectively. The medical ethics 
88 committee of Xiangya Hospital, Central South University, approved the study (#201709993).

89 2.2 Exposure assessment

90 Two semi-quantitative questions served as the proxy measures of the frequency of antibiotics exposure 
91 in preschool age, with detailed explanations for the definitions of URTI and antibiotics. In our study, 

Page 4 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 S

ep
tem

b
er 2021. 

10.1136/b
m

jo
p

en
-2020-047768 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Preschool antibiotics and atopic/allergic diseases

4

92 the definition of URTI refers to a series of acute illnesses that have an effect on the upper respiratory 
93 system including the common cold, acute otitis media, tonsillitis/tonsillopharyngitis, sinusitis and 
94 recurrent sinusitis.[19] The first question was “How often did you have URTI in your preschool age or 
95 before 7 years old”, with three potential responses:≤1 time/year, 2-3 times/year”, and “4 or more 
96 times/year”. The second question was “How often did you receive antibiotics treatment when you had 
97 a URTI”, with four responses: “rare”, “occasional”, “often, orally; and “often, intravenously”. 

98 2.3 Outcome assessment

99 Diagnosis of skin diseases and inquiry of disease history were performed by dermatologists during the 
100 field survey. All subjects underwent skin examination by resident doctors in dermatology, and the 
101 diagnoses were further validated by senior dermatologists. Clinical manifestation, disease history, and 
102 family history were inquired about, and inspections were conducted to diagnose skin diseases. For 
103 recurrent skin diseases, only those with current symptoms and cutaneous lesions were diagnosed as 
104 cases. AD was diagnosed according to the Williams criteria.[20] Hand eczema was diagnosed 
105 according to eczema (rash) on the fingers, finger webs, palms, or back of hands, which had appeared 
106 once and continued for at least two weeks or had appeared several times or had been persistent. 
107 Allergies and urticaria were diagnosed by clinical manifestations, potential triggers, and histories. 
108 Asthma, allergic rhinitis, and allergic conjunctivitis were self-reported according to doctors’ diagnoses. 
109 We also combined some of the outcomes. Atopic march is an apparent progression of allergic diseases 
110 from AD, to allergic asthma (AA) to allergic rhinitis (AR) and allergic conjunctivitis.[21, 22] We 
111 include the conditions of AD, AA, AR, and allergic conjunctivitis for the outcome of the atopic march. 
112 Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 
113 Participants with a history of atopic/allergic conditions but without the current disease are excluded. 

114 2.4 Covariates

115 Demographic characteristics, socioeconomic status (annual family income and parental highest 
116 educational level), family history, behavioral factors (dietary, passive smoking, and bathing habits) 
117 were inquired by the questionnaire. The questionnaire used in the study was shown in Material S1.

118 2.5 Statistical analysis

119 Categorical data were presented as number (%), and the between-group difference was tested using the 
120 chi-square test. Two-level Probit regression models (individual as level 1 and university as level 2) 
121 were used to estimate the associations of preschool exposure to antibiotics with atopic skin diseases in 
122 young adulthood, adjusting for level-1 covariates (gender, ethnicity, annual household income and 
123 parental education) and level-2 random effects. The effect size was presented as relative risk (RR) and 
124 95% confidence interval (CI). P< 0.05 was considered statistically significant for all tests. Statistical 
125 analysis was performed in SAS 9.4 (SAS Institute Inc., Cary, USA).

126 3 Results

127 A total of 27144 registries for new enrolment was identified; among them, 21086 (77.7%) consented 
128 to participate, and 20123 (74.1%) who underwent the health examination and completed the online 
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129 questionnaire survey were included in the final analyses. The mean age was 18.3± 0.8 years and 10283 
130 (51.1%) were men. The characteristics of participants in the study are shown in the Table 1. The 
131 prevalence rates of chronic urticaria, allergic reactions to food/drug/light, hand eczema, and AD were 
132 1.89%, 2.27%, 3.35%, and 3.86%, respectively. The prevalence rates of AD and allergic skin disease 
133 were 3.86 % and 4.14%, respectively (Figure 1 and Table S1).

134 In general, URTI and the use of antibiotics were significantly associated with atopic and allergic 
135 diseases dose-dependently (Figure 1 and Table S1). For example, the prevalence of AD increased from 
136 3.39% to 4.11% and 4.79% in participants who reported rare or occasional use, frequent oral use, and 
137 frequent intravenous use of antibiotics, respectively. Consistent trends could be observed in all atopic 
138 and allergic diseases and their combinations.

139 After adjustments for sociodemographic factors (Figure 2 and Table S2), URTI and the use of 
140 antibiotics were significantly associated with atopic/allergic skin diseases in dose-response manners. 
141 For instance, compared to those reporting rare or occasional use of antibiotics, the RRs for AD in 
142 participants who reported frequent oral administration and intravenous injection of antibiotics was 1.18 
143 (95% CI: 1.01, 1.39) and 1.36 (95% CI: 1.14, 1.62), respectively. For other allergies or atopic disease 
144 of skin or beyond skin, the correlations were highly consistent despite some variations in the magnitude 
145 of the association.

146 Furthermore, we have provided the data on the health seeking behavior dealing with a cold or fever in 
147 preschool age (shown in the Table 2), and we found there were 66.2% among participants with the 
148 atopic march and 64.7% among participants with allergic skin disease showed that they/their parents 
149 would like to seek antibiotics treatment when they had a cold/fever in their preschool age. In those 
150 without atopic/allergic diseases, this proportion ratio was 61.5%. Indeed, we found a moderate but 
151 significant difference in the seeking behavior of antibiotic treatment between those with allergic skin 
152 disease/atopic march and healthy participants (P=0.001). Similar trends could be seen in AD patients 
153 and non-patients (P=0.034).

154 Besides, because our study was not a prospective cohort, it was difficult to know if antibiotic use was 
155 ahead of suffering from AD. We further evaluated the joint effect of URTI and antibiotics on AD by 
156 including an interaction term in the model. As shown in Figure 3, in each category of antibiotic use, 
157 the frequency of URTI was positively associated with the risk of AD. Vice versa, in each category of 
158 URTI, antibiotic use was positively associated with AD according to the effect size, despite some 
159 insignificant results in categories with small sample size.

160

161 4 Discussion

162 This retrospective cohort study demonstrated that preschool exposure to antibiotics, either through oral 
163 administration or intravenous infusion, was associated with increased risks of having allergic and 
164 atopic skin diseases in young adulthood. Participants who reported frequent URTI in preschool-age 
165 also had higher risks of allergies and atopy. 
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166 Similar trends were identified in previous observational studies that early-life antibiotic use was 
167 associated with an increased risk of eczema, but there were still some inconsistent results.[23, 24] 
168 Meta-analysis including 22 studies with 394,517 patients concluded that children with antibiotics 
169 exposure in the first two years had increased odds of atopic eczema with an OR of 1.26 (95%CI: 1.15-
170 1.37). Notably, the onset age of the outcomes in the included studies was the period of childhood (<12 
171 years old). [7] A large population-based retrospective cohort study in twins showed that antibiotic use 
172 was also associated with an increased risk of eczema; however, it is likely that the relationship between 
173 early-life antibiotic use and eczema was confounded by shared familial environment and genetic 
174 factors.[25] However, current data lacked the information regarding the atopic and allergic skin 
175 diseases occurred in late adolescence to early adulthood, while we firstly investigated the effects of 
176 preschool antibiotic in a retrospective study and revealed a positive association. We did not observe 
177 significant difference in health seeking behavior in our study, as most of the Chinese parents could pay 
178 a close attention to prschool health of children, and keep a non-exclusion attitude to antibiotics use. 
179 Using antibiotics at home, seeking medical care, and use antibiotics in the hospital for children was 
180 pervasive in China when parents dealing with children's respiratory tract infections. However, the 
181 results should be discussed with caution as doctor seeking behavior varies a lot in populations. In this 
182 setting, children with AD will seek a doctor frequently and more likely get a URTI diagnosis if they 
183 also have a cold. Equally, children with asthma and wheezing will more frequently get a URTI 
184 diagnosis and are more likely to get an antibiotic.

185 Evidence showed that AD was the first manifestation of an atopic phenotype which begins in early 
186 childhood and the progression from AD to the diseases such as food allergy, asthma, and allergic 
187 rhinitis were more likely to be shown in adolescence.[22, 26, 27] The mechanisms behind the march 
188 from AD to allergic airway diseases and allergic conjunctivitis likely arise from initial epicutaneous 
189 allergen sensitization inducing robust local and systemic type 2 immune responses with increased 
190 production of type 2 cytokines including interleukin (IL)-4, IL-13, IL-31, and thymic stromal 
191 lymphopoietin.[28, 29] Most studies were prone to make these responses responsible for the commonly 
192 shared pathogenesis of cutaneous, airway, and conjunctiva inflammation, supporting the view that AD 
193 is not merely a disease confined to the skin, but is in fact, a systemic disease.[30, 31] Therefore, it 
194 could be explained that the increased risks beyond skin manifestations in young adulthood were 
195 consistent with those of skin diseases and some with even greater effect sizes. While not fully 
196 understood, the underlying mechanism of the association between antibiotics and atopic and allergic 
197 diseases can be elucidated by microbial diversity. The gut microbial community is dynamic and 
198 variable during the first 3 years of life, before stabilizing to an adult-like state.[32] Studies have 
199 demonstrated continued development through childhood into the teenage years.[33, 34] Dietary intake 
200 plays a key role in the development period of the gut microbiome. Breast-fed infants have microbiota 
201 enriched in Lactobacillus, Staphylococcus, and Bifidobacterium. Studies have shown that human milk 
202 isolates contain symbiotic and potentially probiotic microbes, and supplementation 
203 of Bifidobacteria was found to be effective in primary preventing allergic diseases.[35-37] But among 
204 children of preschool age, the dominance of Bifidobacterium diminishes with the alteration in dietary 
205 intake.[15] On the other hand, the high prevalence of antibiotic use may also lead to a concurrent 
206 increase in antibiotic-resistant bacteria.[38, 39] Antibiotic-treated children have a less diverse gut 
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207 microbiota and less stable communities. Antibiotic therapy affects microbiome variety and thus may 
208 increase the risk of atopic diseases.[40, 41]

209 In our study, increased risks of atopic march or allergic diseases were observed in students who 
210 reported frequent URTI. Another potential explanation was related to the infections which could also 
211 affect microbial conditions. Except for the change in diet, children of preschool age tend to be exposed 
212 to more diverse microbes and infectious diseases including URTI in kindergarten or external 
213 environments. Respiratory viral infections, in particular, have been shown to initiate a cascade of host 
214 immune responses altering microbial growth in the respiratory tract and gut,[42] which could further 
215 shape atopic microenvironments.

216 Several limitations should be noted, and the results should be interpreted with caution. First, recall 
217 bias in the measurement of exposure to antibiotics might have been introduced. While recall bias on 
218 the frequency of antibiotics use and URTIs should not be ignored, this is a limitation in most 
219 retrospective studies. Besides, selection bias might also be introduced as students with skin conditions 
220 might be more interested to participate and recall carefully. We are not able to validate the medical 
221 records because China does not have a registry system for primary care, and a large number of 
222 patients with mild conditions also visit doctors in secondary and tertiary hospitals. While participants 
223 could obtain the information from their parents, but unfortunately, we could not evaluate the extent 
224 of recall bias. Similarly, for the conditions of the disease including asthma, allergic rhinitis and 
225 allergic conjunctivitis, which we collected based on both clinical diagnosis and questionnaire data, 
226 we could not ignore the atopic conditions in the past that might not be existing anymore, though in 
227 previous studies, the ‘atopic march’ referred to the sequential development of symptoms and was 
228 considered to be not strictly limited by the occurring time. [43,44] Those will be in our further 
229 consideration in future studies. 

230 Second, there was a lack of information about the type and dose of antibiotics, as well as some 
231 antibiotic use for the treatment of low respiratory tract infection, skin infections, and other infections, 
232 which was not collected while could also affect the microbiome. So we could not attribute the 
233 associations to specific antibiotics use. Third, we noticed that some factors related to the 
234 allergic/atopic conditions in preschool age could be ignored, such as prematurity, the doctor seeking 
235 behavior, etc., and we had difficulty in fully collecting of related information and need to explain the 
236 results with caution. Last but not least, there might be a reversed causal relationship because 
237 antibiotics could be used in the treatment of AD and other conditions accompanied by bacterial 
238 infection. We assessed the role of URTI and antibiotics separately, because the two variables were 
239 significantly correlated (contingency coefficient=0.4, P<0.001) and were therefore not included in 
240 the same model to avoid collinearity and biased estimation of parameters. It is possible that the 
241 association of URTI with AD and allergies is confounded by antibiotics, and vice versa.  

242 However, both infection and antibiotics may be correlated with allergies/atopies, with different 
243 mechanisms. Although under the hygiene hypothesis, exposure to pathogens during infancy and early 
244 childhood has been proposed to explain the lower prevalence of asthma and other atopic diseases 
245 among children in developing countries,[45, 46] some studies showed that early respiratory infections 
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246 could not protect against atopic eczema or recurrent wheezing, but could drive the development of 
247 atopic disease. [47-51] Atopic sensitization, a process of generation of specific immunoglobulin E 
248 (sIgE) when exposed to an innocuous antigen, was common to all allergic diseases. As preschool URTI 
249 most probably represent viral infections in the majority of cases, some studies investigated a potential 
250 mechanistic explanation for how a respiratory viral infection could drive the development of atopic 
251 sensitization and disease. Martorano et al. used a Sendai virus to establish the mouse model mimicking 
252 a human limited respiratory syncytial virus infection and found that Sendai virus infection could 
253 promote the crosslinking of high-affinity IgE receptor (FcεRI) on the lung conventional dendritic cells 
254 (cDC), which led to the production of the chemokine CCL28, recruiting IL-13 and driving the 
255 development of mucous cell metaplasia and airway hyperreactivity.[52] Another animal study found 
256 that except for the increase of sIgE against Sendai virus in mice, there was also a large increase in total 
257 IgE and it remained elevated long after the viral infection being resolved.[53] This notion has further 
258 been fuelled by findings that mice infected with flu virus developed virus-specific mast cell 
259 degranulation in the skin, indicating a possible pathway of viral infections that could mediate allergic 
260 symptoms.[54] Besides, the respiratory viral infections were shown to initiate a cascade of host 
261 immune responses altering microbial growth in the respiratory tract and gut.[42, 55] However, we 
262 cannot ignore that infections that do not require antibiotics are not captured in our design, such that it 
263 is difficult to assess whether the observed association is caused by a specific infection or antibiotics 
264 because they occur simultaneously in many cases.

265 Our study also has strengths. The primary strength is that the sample size for the retrospective cohort 
266 study was large. Second, the outcomes were diagnosed by specialists. In contrast, some previous 
267 studies used self-reported diagnoses that might introduce misclassification bias. Third, the study had a 
268 relatively large and representative sample, and sufficient variations in geographic regions and 
269 sociodemographic subgroups. The random effect at the university level was fitted by the 2-level 
270 models, resulting in an unbiased estimation of associations.

271 To conclude, preschool children exposed to URTI or antibiotics may be at higher risks of atopic and 
272 allergic skin diseases in their young adulthood, especially among those who frequently had URTI or 
273 received antibiotics by intravenous infusion. Our study implies that unnecessary antibiotics treatment 
274 in children should be avoided to prevent the occurrence of atopic and allergic diseases in their later 
275 life. Prospective studies that consider the type and dose of antibiotics are warranted.
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276 5 Data Availability Statement

277 The data that support the findings of this study are available from the corresponding author upon 
278 reasonable request.

279

280 6 Ethics statement

281 This study was conducted according to the guidelines established in the Declaration of Helsinki. All 
282 procedures involving patients were approved by the institutional research ethics boards of Xiangya 
283 Hospital, Central South University (Changsha, China). Informed consent was obtained from all the 
284 students before the investigation.

285

286 7 Patient and Public Involvement Statement

287 This is a retrospective cohort study based on the data from the China College Student Skin Health 
288 Study (CCSSHS).The first-year college students from five universities were recuited and investigated. 
289 They underwent a health examination and completed a questionnaire survey, and the results will be 
290 disseminated to study participants by a medical examination report. Participants were not involved in 
291 the design and implementation of the study.
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475 Figure legends

476 Figure 1. The prevalence of atopic and allergic diseases in exposure vs. non-exposure group of 
477 antibiotics and URTI.

478 Figure 2. Association of early-life exposure to antibiotics with the risk of atopic/allergic diseases later 
479 in life. RR: risk ratio; CI: confidence interval.

480 Figure 3. The joint effect of URTI and antibiotics on AD after including an interaction term in the 
481 model. RR: risk ratio; CI: confidence interval.

482

483 Supplementary file captions

484 Material S1. Chinese college students health survey questionaire (Translation version in English).

485 Table S1. The prevalence of atopic and allergic diseases in college students.

486 Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college 
487 students.
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488 Table1. Characteristics of participants in the Present Study (N=20123)
489

Characteristics N %

Gender

Male 10283 51.1

Female 9840 48.9

Income (CNY)

<10,000 2168 10.8

10,000–29,999 4376 21.7

30,000–49,999 3465 17.2

50,000–99,999 4417 22.0

100,000–199,999 4063 20.2

≥200,000 1634 8.1

Parental highest 
education

Primary school 1320 6.6

Middle school 5316 26.4

High school 5021 24.9

College and above 8466 42.1

Ethnicity

Han Chinese 16218 80.6

Other ethnicities 3905 19.4
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491 Table 2. Health seeking behavior when dealing with a cold or fever in the preschool age.a

492

Health seeking behavior, n (%)b

Disease condition Total
Ignore them

Drink water or 
have a rest

Receive 
antibiotics orally 
or intravenously

Receive Chinese 
traditional 

medicine orally
Unknown

Skin
Atopic dermatitis 776 20 (2.6) 370 (47.6) 512 (65.9) 194 (25.0) 3 (0.3)

Hand eczema 675 32 (4.7) 343 (50.8) 430 (63.7) 149 (22.0) 4 (0.5)
Allergic reactions to 

food/drug/light 456 9 (2.0) 227 (49.7) 286 (62.7) 95 (20.8) 1 (0.2)

Chronic urticaria 381 8 (2.1) 158 (41.4) 257 (67.4) 100 (26.2) 1 (0.3)
Allergic skin disease c 833 17 (2.0) 384 (46.0) 539 (64.7) 194 (23.2) 2 (0.2)

Beyond skin
Atopic march d 3139 66 (2.1) 1542 (49.1) 2081 (66.2) 728 (23.1) 12 (0.3)

Allergic conjunctivitis 153 4 (2.6) 83 (54.2) 107 (69.9) 36 (23.5) 0 (0)
Allergic rhinitis 2273 42 (1.8) 1135 (49.9) 1515 (66.6) 532 (23.4) 8 (0.4)

Asthma 303 7 (2.3) 154 (50.8) 206 (67.9) 70 (23.1) 2 (0.6)
Without atopic/allergic 

diseases 16343 597 (3.7) 7761 (47.4) 10057 (61.5) 3058 (18.7) 76 (0.4)

493 a Multiple selections are allowed in the questionnaire.

494 b Proportion ratios in populations.

495 c Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.

496 d Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Supplementary file captions
Material S1. Chinese college students health survey questionaire (Translation version
in English)
Table S1. The prevalence of atopic and allergic diseases in college students.
Table S2. Association of antibiotic and URTI exposure with atopic and allergic
diseases in college students.
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Material S1. Chinese college students health survey questionaire (English version)

Chinese college students health survey questionaire

Informed consent

Welcome to participate in the Chinese University Student Health Survey. In

order to promte a better health management for Chinese college freshmen, you are

invited to fill out a questionnaire including several parts: (A) General information;

(B) Medical history, (C) Lifestyle habits, (D) Skin health, which take about 15

minutes to answer. We will provide you with reasonable health education and health

management based on this information, combined with the results of the health

checkup. All the information you fill in will be kept strictly confidential. Continue to

fill in the following content, indicating that you and your guardian have understood

and are willing to continue to cooperate with our work. Thanks you!

A. General information

A01. Before you went to university, please provide your address. ___________

(Specific to districts and counties)

A02. Have you moved to other places (cross-city) in the past 10 years

(Single selection, if "No" jump to A04)

 Never  Ever

A03. If so, the previous address is?___________ (Specific to districts and counties)

A04. Sex (Single selection)

 Male  Female

A05. Your Ethnicity:_______

A06. Annual household income. (Single selection)

 <10,000  10,000–29,999  30,000–49,999

 50,000–99,999  100,000–199,999  ≥200,000

A07. Your father’s highest education (Single selection)

 Primary school or  Middle school  High school
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blow

 College  Postgraduate or

above

 Unclear

A08. Your mother’s highest education (Single selection)

 Primary school or

blow

 Middle school  High school

 College  Postgraduate or

above

 Unclear

B. Medical History

B01. Have you ever been specifically diagnosed with any of the following

cardiovascular or metabolic diseases? (Multiple selections are allowed)

 Hypertension  Coronary heart

disease

 Hyperlipidaemia

 Obesity  Fatty liver  Gout

 Psoriasis  None of above

B02. Have you ever been diagnosed with any of the following allergic diseases?

(Multiple selections are allowed)

 Asthma  Allergic Rhinitis  Allergic

conjunctivitis

 Eczema  Urticaria  None of above

B03. Have you ever been diagnosed with any of the following infectious diseases?

(Multiple selections are allowed)

 Tuberculosis or other

forms of tuberculosis

 Hepatitis B  Hepatitis C

 Helicobacter pylori

infection

 HIV infection  None of above

B04. Have you ever been diagnosed with any of the following endocrine diseases?

(Multiple selections are allowed)
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 Type 1 diabetes  Type 2 diabetes  Polycystic ovarian

syndrome

 Hypertrichosis  Hypothyroidism  Hyperthyroidism

 Graves disease  Hashimoto

thyroiditis

 None of above

B05.Have you ever been diagnosed with any of the following immune diseases?

(Multiple selections are allowed)

 SLE  Scleroderma  Sjogren syndrome

 Uveitis  Rheumatoid arthritis  Dermatomyositis

 None of above

B06. Have you ever been diagnosed with any of the following hematologic

diseases? (Multiple selections are allowed)

 Iron-deficiency

anemia

 Megaloblastic

anemia

 Thalassemia

 Anemia  Hemophilia  leucocythemia

 Lymphadenoma  None of above

B07. Have you ever been diagnosed with any of the following mental or

neurological disorders? (Multiple selections are allowed)

 ADHD and attention deficit

disorder

 Depressive disorder  Anxiety

 Schizophrenia  None of above

B08. Have you ever had any of the following food allergies？ (Multiple selections

are allowed)

 None  Milk  Egg

 Wheat  Soybean  Fish

 Nuts  Fruit  Crustaceans (e.g., shrimp,

crab, etc.)

 Others  Unclear

B09. Have you ever been allergic to any of the following medications? (Multiple
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selections are allowed)

 None  Antibiotics  Non-steroidal

anti-inflammatory drugs

analgesics (e.g., aspirin)

 Contrast medium  Anesthetic

 Anticonvulsant  Chemotherapy

drugs

 Others

 Unclear

B10. Have you ever been allergic to any of the following environmental substances?

(Multiple selections are allowed )

 None  Dust mite  Mycete

 Animal skins  Pollen  House dust

 Cockroach  Others  Unclear

B11. Do you have an excessive bug bite response? (Single selection)

 No  Yes

B12. In the past year, have you had a dog, cat or other small stuffed animal such as

rabbit, guinea pig, hamster, etc.? (Multiple selections are allowed are allowed)

 No  Dog  Cat

 Other stuffed

animals

 Unclear

B13. Do you have a long history of close exposure to chemicals? (Multiple

selections are allowed)

 None  Formaldehyde  Gasoline

 Oil varnish  Others  Unclear

B14. Have you used or taken any medication almost every day for the last 2 weeks?

(Multiple selections are allowed)

 None  Antibiotics  Nonsteroidal

anti-inflammatory

drugs and analgesics

(NASIDS)

 Hormone  Antituberculosis

drugs

 Others  Clear
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B15. Whether breastfed after birth or not. (Single selection)

 No  Yes  Unclear

B16. How often do you have "colds and fevers" in your early school years

(before age of 7 years old)? (Single selection)

 Rare (≤1 time/year)  Occasional

(2-3 times/year)

 Often

(4 or more times/year)

B17. Which way did you (or your parents) usually deal with your "cold or

fever" in the early school age years? (Multiple selections are allowed)

 Ignore them  Drink more water or

have a rest

 Receive antibiotics

orally

 Oral Chinese

Traditional medicine

 Receive antibiotics

intravenously

 Others

B18. Which of the following frequency of antibiotic use can improve or cure

your “Cold or fever” in the early school age years? (Single selection)

 Rarely, it usually cured

without antibiotic treatment

 occasional

 Often by antibiotics orally  Often by antibiotics intravenously

C. Lifestyle Habits

C01.Do you smoke (refers to smoking at least one cigarette a day for more than six

months) (Single selection, jump to C3 if you choose "hardly")

 Hardly  < 1 packet

/day

(about 20

cigarettes in a

packect )

 1-2 packets

/day

 > 2 packs/day

C02. If you smoke, how many years have you smoked in total so far? (Single

selection)
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 < 1 year  1-3 years  > 3 years

C03. In the last month, your frequency of passive smoking is (the involuntary

inhalation of smoke caused by other people's smoking in your living or working

environment) (Single selection, jump to C5 if you choose "hardly")

 Hardly  < 1 day/week  1-2 days/week

 3-5 days/week  6-7 days/week

C04. How many years have you been second hand smoking? (Single selection)

 < 2 years  2-3 years  4-6 years  > 6 years

C05. How often do you drink alcohol? (refering to once a week for at least six

months) (Single selection, jump to C9 if you choose "hardly")

 Hardly  Once a week  2-4 times/week

 5-7 times/week  8-10 times/week  > 10 times/week

C06. How many years have you been drinking? (Single selection)

 < 1year  1-3years  4-5years  > 5 years

C07. What's your main drink? (Single selection)

 Beer  Liqueur  Red wine  Sweet

wine

 Chinese

rice wine

C08. How much do you drink on average each time? (Single selection)

 Less (1 bottle of beer, or 50-100g other types of alchohol)

 Medium (2 bottles of beer, or 100g other types of alchohol)

 Much (three bottles of beer, or 150g other types of alchohol)

 A lot (more than 3 bottles of beer, or more than 150g other types of

alchohol)

D. Skin Health

D01.How many showers do you take per week in the spring and fall? (Single

selection)

 ≤1 time per week  2~4 times per week  5~7 times per week

Page 28 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 11, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 S

ep
tem

b
er 2021. 

10.1136/b
m

jo
p

en
-2020-047768 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

8

 8~10 times per

week

 >10 time per week

D02. How long do you take a shower in spring and fall? (Single selection)

 < 5 minutes  5-10 minutes  11-20 minutes

 21-30 minutes  > 30 minutes

D03. What kind of toiletries do you use most? (Single selection)

 None  Soap  Shower gel  Others

D04. In spring and fall, the temperature of your bath is (Single selection)

 Low temperature(<35

centigrade)

 Close to the body

temperature(35-40

centigrade)

 High temperature(>

40 centigrade)

D05. Do you use moisturizer all over your body almost daily in fall and winter?

(Single selection)

 No  Yes

D06. How often do you use facial cleansing products (e.g. cleanser, soap)? (Single

selection)

 Hardly  Usually  Once per day  ≥twice per

day

D07. How often have you washed your hair in the past two years? (Single selection)

 ≥ Twice per day  Once per day  Once on

alternate

days

 Once every 2-6 days  Once a week or more

D08. In the past two years, what kind of toiletries you use is? (Single selection)

 None  Shampoo  Shampoo +

conditioner

 Others

D09. Have you used hair care/hair products in the past two years? (multiple

selections)

 None  Essential oil, elastin and other hair
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care products

 Hair gel  Others

D10. In the last two years, how often have you dyed your hair? (Single selection)

 Never  Less than once a year  Once every 2 to 6

months

 Once every 7 to 11

months

 More than once a

month

D11. In the past two years, your perm frequency is (Single selection)

 Never  Less than once a year  Once every 2 to 6

months

 Once every 7 to 11

months

 More than once a

month

D12. Do you have frequent itchy skin, and to what extent (0 is not itchy at all and 10

is extremely itchy)？

0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10

D13. Do you have regular skin pain, and to what extent (0 is no pain at all and 10 is

extreme pain)？

0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10
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Table S1. The prevalence of atopic and allergic diseases in college students

Disease
N, Prevalence

(%)a

URTI, n (%) Antibiotics, n (%)

Rare Occasional Frequent Rare / occasional Often,orally
Often,

intravenously

Skin

Atopic dermatitis 776 (3.86) 174 (2.99) 459(3.99) 143(5.1) 349(3.39) 263(4.11) 164(4.79)

Hand eczema 675(3.35) 145 (2.49) 407(3.54) 123(4.38) 310(3.01) 243(3.79) 122(3.57)

Allergic reactions to
food/drug/light

456(2.27) 121(2.08) 255(2.22) 80(2.85) 212(2.06) 152(2.37) 92(2.69)

Chronic urticaria 381(1.89) 96(1.65) 207(1.8) 78(2.78) 170(1.65) 133(2.08) 78(2.28)

Allergic skin disease b 833(4.14) 217(3.73) 460(4) 156(5.56) 381(3.7) 285(4.45) 167(4.88)

Beyond skin

Atopic march c 3139(15.6) 687(11.79) 1825(15.88) 627(22.34) 1372(13.33) 1101(17.19) 666(19.47)

Allergic conjunctivitis 153(0.76) 32(0.55) 84(0.73) 37(1.32) 63(0.61) 54(0.84) 36(1.05)

Allergic rhinitis 2273(15.6) 486(8.34) 1327(11.55) 460(16.39) 984(9.56) 809(12.63) 480(14.03)

Asthma 303(1.51) 46(0.79) 171(1.49) 86(3.06) 111(1.08) 117(1.83) 75(2.19)
aThe total prevalence of atopic and allergic diseases in our study population.
bAllergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
cAtopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students

Disease
URTI, aRR (95%CI) a Antibiotics, aRR (95%CI) a

Rare Occasional Frequent Rare / occasional Often, orally Often, intravenously

Skin

Atopic dermatitis Reference 1.32 (1.09, 1.54) 1.59 (1.27, 1.98) Reference 1.18 (1.01, 1.39) 1.36 (1.14, 1.62)

Hand eczema Reference 1.32 (1.08, 1.56) 1.60 (1.26, 2.02) Reference 1.27 (1.08, 1.49) 1.17 (0.95, 1.44)

Allergic reactions to food/drug/light Reference 1.10 (0.92, 1.28) 1.30 (1.04, 1.63) Reference 1.15 (0.97, 1.37) 1.36 (1.12, 1.65)

Chronic urticaria Reference 0.97 (0.76, 1.17) 1.58 (1.21, 2.05) Reference 1.13 (0.90, 1.40) 1.39 (1.09, 1.78)

Allergic skin disease b Reference 1.04 (0.89, 1.20) 1.46 (1.22, 1.76) Reference 1.16 (1.01, 1.34) 1.33 (1.13, 1.57)

Beyond skin

Atopic march c Reference 1.39 (1.26, 1.52) 2.08 (1.85, 2.34) Reference 1.35 (1.24, 1.48) 1.55 (1.40, 1.71)

Allergic conjunctivitis Reference 1.89 (1.13, 2.66) 3.49 (2.05, 5.96) Reference 1.58 (1.08, 2.32) 2.72 (1.75, 4.23)

Allergic rhinitis Reference 1.43 (1.27, 1.59) 2.13 (1.86, 2.43) Reference 1.39 (1.26, 1.53) 1.56 (1.39, 1.74)

Asthma Reference 2.56 (1.69, 3.43) 4.89 (3.20, 7.47) Reference 1.92 (1.52, 2.43) 2.10 (1.64, 2.70)
aAdjusted for the fixed effects of gender, income, education, passive smoking, and ethnicity and the random effect of university.
bAllergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
cAtopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Preschool antibiotics and atopic/allergic diseases

2

23 Abstract

24 Background: Overuse and misuse of antibiotics is a public health problem in low- and middle-income 
25 countries. Although the association of antibiotics with atopic and allergic diseases has been established, 
26 most studies focused on prenatal exposure and the occurrence of disease in infants or young children.

27 Objective: To investigate the association of preschool use of antibiotics with atopic and allergic skin 
28 diseases in young adulthood.

29 Design: Population-based retrospective cohort.

30 Setting and participants: The first-year college students (n=20123) from five universities were 
31 investigated. The sampled universities are located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, 
32 respectively.

33 Methods: We conducted a dermatological field examination and a questionnaire survey inquiring the 
34 participants about the frequency of upper respiratory tract infection (URTI) and the preschool 
35 antibiotics use (prior to 7 years old). The two-level Probit model was used to estimate the associations, 
36 and adjusted risk ratio (aRR) and 95% confidence interval (CI) were presented as the effect size.

37 Results: A total of 20123 participants with complete information was included in the final analysis. 
38 The frequent antibiotics use intravenously (aRR 1.36, 95% CI 1.14–1.62) and orally (aRR 1.18, 95% 
39 CI 1.01–1.38) prior to 7 years old was significantly associated with atopic dermatitis in young 
40 adulthood. Similar trends could be observed in allergic skin diseases among those who use antibiotics 
41 orally and intravenously, with RRs of 1.16 (1.01, 1.34) and 1.33 (1.13, 1.57), respectively.

42 Conclusions: Preschool URTI and antibiotics use significantly increases the risk of atopic and allergic 
43 skin diseases in young adulthood.

44 Strengths and limitations of this study

45  The main outcomes were diagnosed by specialists instead of self-report.

46  This study provides a relatively large and representative sample, and sufficient variations in 
47 geographic regions and sociodemographic subgroups, as well as the random effect at the 
48 university level, was fitted by the 2-level models, resulting in an unbiased estimation of 
49 associations.

50  Recall bias in the measurement of exposure to antibiotics might have been introduced, which 
51 could not be ignored in most retrospective studies.

52  We lacked the information about the type and dose of antibiotics, and there might be a reversed 
53 causal relationship because antibiotics could be used in the treatment of AD and other 
54 conditions accompanied by a bacterial infection.

55
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56 1 Introduction

57 The incidence and prevalence of atopic and allergic conditions such as asthma, allergic rhinitis, 
58 food allergies, and atopic dermatitis (AD) among the worldwide population have significantly 
59 increased during the past several decades.[1-3] An area of environmental change that may be 
60 responsible for the increase of allergic and atopic diseases is the growing use of medications that may 
61 alter the development of the human microbiome.[4] It also seems that the use of some antibiotics, 
62 which can directly cause intestinal dysbiosis and affect the human microbiome and increase the risk 
63 for allergy development, is of particular concern in light of accumulating evidence.[5-7]

64 Furthermore, overuse and misuse of antibiotics is a severe public health problem worldwide, 
65 especially in low- and middle-income countries. In the last decade, prescriptions of broad-spectrum 
66 antibiotics increased by 49% in children under five years and doubled in children aged 5–17 years, 
67 concomitant with the increasing prevalence of allergic diseases.[8, 9] In China, 70% of outpatients 
68 attending primary care facilities with colds were inappropriately treated with antibiotics, often by 
69 intravenous infusion. The situation is even worse in children because many parents demand treatment 
70 with antibiotics[10]. However, most upper respiratory tract infections (URTI) in children are viral, for 
71 which antibiotics are unnecessary.[11-13]

72 The association between the use of antibiotics and atopic and allergic diseases has been observed 
73 in longitudinal studies. But most studies focused on antibiotics use during pregnancy or infancy when 
74 early colonization is initiated by maternal microbes.[14-17] With the childhood microbiome transition 
75 owing to alterations in food and exposure to more diverse microbes in external environments, children 
76 in preschool age (<7 yrs) are at higher risks of URTI infection and antibiotics treatment. However, the 
77 effect of antibiotics used during this period on atopic and allergic skin diseases that occurred in their 
78 young adulthood is not clear. The objective of this study was to evaluate the hypothesis that exposure 
79 to antibiotics in preschool age is associated with an increased risk of allergic and atopic skin diseases 
80 in young adulthood. We tested this hypothesis by conducting a retrospective study in college students. 

81

82 2 Materials and Methods

83 2.1 Study setting and design

84 This was a retrospective cohort study based on the data from the China College Student Skin Health 
85 Study (CCSSHS)[18]. The first-year college students from five universities were investigated. They 
86 underwent a health examination and completed a questionnaire survey. The sampled universities are 
87 located in Changsha, Wuhan, Xiamen, Urumqi, and Hohhot, respectively. The medical ethics 
88 committee of Xiangya Hospital, Central South University, approved the study (#201709993).

89 2.2 Exposure assessment

90 Two semi-quantitative questions served as the proxy measures of the frequency of antibiotics exposure 
91 in preschool age, with detailed explanations for the definitions of URTI and antibiotics. In our study, 
92 the definition of URTI refers to a series of acute illnesses that have an effect on the upper respiratory 
93 system including the common cold, acute otitis media, tonsillitis/tonsillopharyngitis, sinusitis, and 
94 recurrent sinusitis.[19] The first question was “How often did you have URTI in your preschool-age 
95 or before 7 years old”, with three potential responses:≤1 time/year, 2-3 times/year”, and “4 or more 
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96 times/year”. The second question was “How often did you receive antibiotics treatment when you had 
97 a URTI”, with four responses: “rare”, “occasional”, “often, orally; and “often, intravenously”. 

98 2.3 Outcome assessment

99 Diagnosis of skin diseases and inquiry of disease history were performed by dermatologists during the 
100 field survey. All subjects underwent skin examination by resident doctors in dermatology, and the 
101 diagnoses were further validated by senior dermatologists. Clinical manifestation, disease history, and 
102 family history were inquired about, and inspections were conducted to diagnose skin diseases. For 
103 recurrent skin diseases, only those with current symptoms and cutaneous lesions were diagnosed as 
104 cases. AD was diagnosed according to the Williams criteria.[20] Hand eczema was diagnosed 
105 according to eczema (rash) on the fingers, finger webs, palms, or back of hands, which had appeared 
106 once and continued for at least two weeks or had appeared several times or had been persistent. 
107 Allergies and urticaria were diagnosed by clinical manifestations, potential triggers, and histories. 
108 Asthma, allergic rhinitis, and allergic conjunctivitis were self-reported according to doctors’ diagnoses. 
109 We also combined some of the outcomes. Atopic march is an apparent progression of allergic diseases 
110 from AD, to allergic asthma (AA) to allergic rhinitis (AR) and allergic conjunctivitis.[21, 22] We 
111 include the conditions of AD, AA, AR, and allergic conjunctivitis for the outcome of the atopic march. 
112 Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria. 
113 Participants with a history of atopic/allergic conditions but without the current disease are excluded. 

114 2.4 Covariates

115 Demographic characteristics, socioeconomic status (annual family income and parental highest 
116 educational level), family history, behavioral factors (dietary, passive smoking, and bathing habits) 
117 were inquired by the questionnaire. The questionnaire used in the study was shown in Material S1.

118 2.5 Statistical analysis

119 Categorical data were presented as number (%), and the between-group difference was tested using the 
120 chi-square test. Two-level Probit regression models (individual as level 1 and university as level 2) 
121 were used to estimate the associations of preschool exposure to antibiotics with atopic skin diseases in 
122 young adulthood, adjusting for level-1 covariates (gender, ethnicity, annual household income, and 
123 parental education) and level-2 random effects. The effect size was presented as relative risk (RR) and 
124 95% confidence interval (CI). P< 0.05 was considered statistically significant for all tests. Statistical 
125 analysis was performed in SAS 9.4 (SAS Institute Inc., Cary, USA).

126 3 Results

127 A total of 27144 registries for new enrolment was identified; among them, 21086 (77.7%) consented 
128 to participate, and 20123 (74.1%) who underwent the health examination and completed the online 
129 questionnaire survey were included in the final analyses. The mean age was 18.3± 0.8 years and 10283 
130 (51.1%) were men. The characteristics of participants in the study are shown in Table 1. The prevalence 
131 rates of chronic urticaria, allergic reactions to food/drug/light, hand eczema, and AD were 1.89%, 
132 2.27%, 3.35%, and 3.86%, respectively. The prevalence rates of AD and allergic skin disease were 
133 3.86 % and 4.14%, respectively (Figure 1 and Table S1).

134 In general, URTI and the use of antibiotics were significantly associated with atopic and allergic 
135 diseases dose-dependently (Figure 1 and Table S1). For example, the prevalence of AD increased from 
136 3.39% to 4.11% and 4.79% in participants who reported rare or occasional use, frequent oral use, and 
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137 frequent intravenous use of antibiotics, respectively. Consistent trends could be observed in all atopic 
138 and allergic diseases and their combinations.

139 After adjustments for sociodemographic factors (Figure 2 and Table S2), URTI and the use of 
140 antibiotics were significantly associated with atopic/allergic skin diseases in dose-response manners. 
141 For instance, compared to those reporting rare or occasional use of antibiotics, the RRs for AD in 
142 participants who reported frequent oral administration and intravenous injection of antibiotics was 1.18 
143 (95% CI: 1.01, 1.39) and 1.36 (95% CI: 1.14, 1.62), respectively. For other allergies or atopic diseases 
144 of skin or beyond skin, the correlations were highly consistent despite some variations in the magnitude 
145 of the association.

146 Furthermore, we have provided the data on the health seeking behavior dealing with a cold or fever in 
147 preschool age (shown in Table 2), and we found there were 66.2% among participants with the atopic 
148 march and 64.7% among participants with allergic skin disease showed that they/their parents would 
149 like to seek antibiotics treatment when they had a cold/fever in their preschool age. In those without 
150 atopic/allergic diseases, this proportion ratio was 61.5%. Indeed, we found a moderate but significant 
151 difference in the seeking behavior of antibiotic treatment between those with allergic skin 
152 disease/atopic march and healthy participants (P=0.001). Similar trends could be seen in AD patients 
153 and non-patients (P=0.034).

154 Besides, because our study was not a prospective cohort, it was difficult to know if antibiotic use was 
155 ahead of suffering from AD. We further evaluated the joint effect of URTI and antibiotics on AD by 
156 including an interaction term in the model. As shown in Figure 3, in each category of antibiotic use, 
157 the frequency of URTI was positively associated with the risk of AD. Vice versa, in each category of 
158 URTI, antibiotic use was positively associated with AD according to the effect size, despite some 
159 insignificant results in categories with a small sample size.

160

161 4 Discussion

162 This retrospective cohort study demonstrated that preschool exposure to antibiotics, either through oral 
163 administration or intravenous infusion, was associated with increased risks of having allergic and 
164 atopic skin diseases in young adulthood. Participants who reported frequent URTI in preschool-age 
165 also had higher risks of allergies and atopy. 

166 Similar trends were identified in previous observational studies that early-life antibiotic use was 
167 associated with an increased risk of eczema, but there were still some inconsistent results.[23, 24] 
168 Meta-analysis including 22 studies with 394,517 patients concluded that children with antibiotics 
169 exposure in the first two years had increased odds of atopic eczema with an OR of 1.26 (95%CI: 1.15-
170 1.37). Notably, the onset age of the outcomes in the included studies was the period of childhood (<12 
171 years old). [7] A large population-based retrospective cohort study in twins showed that antibiotic use 
172 was also associated with an increased risk of eczema. However, the relationship between early-life 
173 antibiotic use and eczema was likely to be confounded by shared familial environment and genetic 
174 factors.[25] However, current data lacked the information regarding the atopic and allergic skin 
175 diseases occurred in late adolescence to early adulthood, while we firstly investigated the effects of 
176 preschool antibiotic in a retrospective study and revealed a positive association. Chinese parents were 
177 found to pay close attention to the preschool health of children and keep a non-exclusion attitude to 
178 antibiotics use. Using antibiotics at home, seeking medical care, and use antibiotics in the hospital for 
179 children was pervasive in China when parents dealing with children's respiratory tract infections. 
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180 However, the results should be discussed with caution as a doctor seeking behavior varies a lot in 
181 populations. In this setting, children with AD will seek a doctor frequently and more likely get a URTI 
182 diagnosis if they also have a cold. Equally, children with asthma and wheezing will more frequently 
183 get a URTI diagnosis and are more likely to get an antibiotic.

184 Evidence showed that AD was the first manifestation of an atopic phenotype that begins in early 
185 childhood and the progression from AD to the diseases such as food allergy, asthma, and allergic 
186 rhinitis were more likely to be shown in adolescence.[22, 26, 27] The mechanisms behind the march 
187 from AD to allergic airway diseases and allergic conjunctivitis likely arise from initial epicutaneous 
188 allergen sensitization inducing robust local and systemic type 2 immune responses with increased 
189 production of type 2 cytokines including interleukin (IL)-4, IL-13, IL-31, and thymic stromal 
190 lymphopoietin.[28, 29] Most studies were prone to make these responses responsible for the commonly 
191 shared pathogenesis of cutaneous, airway, and conjunctiva inflammation, supporting the view that AD 
192 is not merely a disease confined to the skin, but is in fact, a systemic disease.[30, 31] Therefore, it 
193 could be explained that the increased risks beyond skin manifestations in young adulthood were 
194 consistent with those of skin diseases and some with even greater effect sizes. While not fully 
195 understood, the underlying mechanism of the association between antibiotics and atopic and allergic 
196 diseases can be elucidated by microbial diversity. The gut microbial community is dynamic and 
197 variable during the first 3 years of life, before stabilizing to an adult-like state.[32] Studies have 
198 demonstrated continued development through childhood into the teenage years.[33, 34] Dietary intake 
199 plays a key role in the development period of the gut microbiome. Breast-fed infants have microbiota 
200 enriched in Lactobacillus, Staphylococcus, and Bifidobacterium. Studies have shown that human milk 
201 isolates contain symbiotic and potentially probiotic microbes, and supplementation 
202 of Bifidobacteria was found to be effective in the primary prevention of allergic diseases.[35-37] But 
203 among children of preschool age, the dominance of Bifidobacterium diminishes with the alteration in 
204 dietary intake.[15] On the other hand, the high prevalence of antibiotic use may also lead to a 
205 concurrent increase in antibiotic-resistant bacteria.[38, 39] Antibiotic-treated children have a less 
206 diverse gut microbiota and less stable communities. Antibiotic therapy affects microbiome variety and 
207 thus may increase the risk of atopic diseases.[40, 41]

208 In our study, increased risks of atopic march or allergic diseases were observed in students who 
209 reported frequent URTI. Another potential explanation was related to the infections which could also 
210 affect microbial conditions. Except for the change in diet, children of preschool age tend to be exposed 
211 to more diverse microbes and infectious diseases including URTI in kindergarten or external 
212 environments. Respiratory viral infections, in particular, have been shown to initiate a cascade of host 
213 immune responses altering microbial growth in the respiratory tract and gut,[42] which could further 
214 shape atopic microenvironments.

215 Several limitations should be noted, and the results should be interpreted with caution. First, recall 
216 bias in the measurement of exposure to antibiotics might have been introduced. While recall bias on 
217 the frequency of antibiotics use and URTIs should not be ignored, this is a limitation in most 
218 retrospective studies. Besides, selection bias might also be introduced as students with skin conditions 
219 might be more interested to participate and recall carefully. We are not able to validate the medical 
220 records because China does not have a registry system for primary care, and a large number of 
221 patients with mild conditions also visit doctors in secondary and tertiary hospitals. While participants 
222 could obtain the information from their parents, but unfortunately, we could not evaluate the extent 
223 of recall bias. Similarly, for the conditions of the disease including asthma, allergic rhinitis, and 
224 allergic conjunctivitis, which we collected based on both clinical diagnosis and questionnaire data, 
225 we could not ignore the atopic conditions in the past that might not be existing anymore, though in 
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226 previous studies, the ‘atopic march’ referred to the sequential development of symptoms and was 
227 considered to be not strictly limited by the occurring time. [43,44] Those will be in our further 
228 consideration in future studies. 

229 Second, there was a lack of information about the type and dose of antibiotics, as well as some 
230 antibiotic use for the treatment of low respiratory tract infection, skin infections, and other infections, 
231 which was not collected while could also affect the microbiome. So we could not attribute the 
232 associations to specific antibiotics use. Third, we noticed that some factors related to the 
233 allergic/atopic conditions in preschool age could be ignored, such as prematurity, the doctor seeking 
234 behavior, etc., and we had difficulty in fully collecting of related information and need to explain the 
235 results with caution. Last but not least, there might be a reversed causal relationship because 
236 antibiotics could be used in the treatment of AD and other conditions accompanied by bacterial 
237 infection. We assessed the role of URTI and antibiotics separately, because the two variables were 
238 significantly correlated (contingency coefficient=0.4, P<0.001) and were therefore not included in 
239 the same model to avoid collinearity and biased estimation of parameters. It is possible that the 
240 association of URTI with AD and allergies is confounded by antibiotics, and vice versa.  

241 However, both infection and antibiotics may be correlated with allergies/atopies, with different 
242 mechanisms. Although under the hygiene hypothesis, exposure to pathogens during infancy and early 
243 childhood has been proposed to explain the lower prevalence of asthma and other atopic diseases 
244 among children in developing countries,[45, 46] some studies showed that early respiratory infections 
245 could not protect against atopic eczema or recurrent wheezing, but could drive the development of 
246 atopic disease. [47-51] Atopic sensitization, a process of generation of specific immunoglobulin E 
247 (sIgE) when exposed to an innocuous antigen, was common to all allergic diseases. As preschool URTI 
248 most probably represents viral infections in the majority of cases, some studies investigated a potential 
249 mechanistic explanation for how a respiratory viral infection could drive the development of atopic 
250 sensitization and disease. Martorano et al. used a Sendai virus to establish the mouse model mimicking 
251 a human limited respiratory syncytial virus infection and found that Sendai virus infection could 
252 promote the crosslinking of high-affinity IgE receptor (FcεRI) on the lung conventional dendritic cells 
253 (cDC), which led to the production of the chemokine CCL28, recruiting IL-13 and driving the 
254 development of mucous cell metaplasia and airway hyperreactivity.[52] Another animal study found 
255 that except for the increase of sIgE against Sendai virus in mice, there was also a large increase in total 
256 IgE and it remained elevated long after the viral infection being resolved.[53] This notion has further 
257 been fuelled by findings that mice infected with the flu virus developed virus-specific mast cell 
258 degranulation in the skin, indicating a possible pathway of viral infections that could mediate allergic 
259 symptoms.[54] Besides, the respiratory viral infections were shown to initiate a cascade of host 
260 immune responses altering microbial growth in the respiratory tract and gut.[42, 55] However, we 
261 cannot ignore that infections that do not require antibiotics are not captured in our design, such that it 
262 is difficult to assess whether the observed association is caused by a specific infection or antibiotics 
263 because they occur simultaneously in many cases.

264 Our study also has strengths. The primary strength is that the sample size for the retrospective cohort 
265 study was large. Second, the outcomes were diagnosed by specialists. In contrast, some previous 
266 studies used self-reported diagnoses that might introduce misclassification bias. Third, the study had a 
267 relatively large and representative sample, and sufficient variations in geographic regions and 
268 sociodemographic subgroups. The random effect at the university level was fitted by the 2-level 
269 models, resulting in an unbiased estimation of associations.
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270 To conclude, preschool children exposed to URTI or antibiotics may be at higher risks of atopic and 
271 allergic skin diseases in their young adulthood, especially among those who frequently had URTI or 
272 received antibiotics by intravenous infusion. Our study implies that unnecessary antibiotics treatment 
273 in children should be avoided to prevent the occurrence of atopic and allergic diseases in their later 
274 life. Prospective studies that consider the type and dose of antibiotics are warranted.
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279 6 Ethics statement
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473 Figure legends

474 Figure 1. The prevalence of atopic and allergic diseases in exposure vs. non-exposure group of 
475 antibiotics and URTI.

476 Figure 2. Association of early-life exposure to antibiotics with the risk of atopic/allergic diseases later 
477 in life. RR: risk ratio; CI: confidence interval.

478 Figure 3. The joint effect of URTI and antibiotics on AD after including an interaction term in the 
479 model. RR: risk ratio; CI: confidence interval.

480

481 Supplementary file captions

482 Material S1. Chinese college students health survey questionnaire (Translation version in English).

483 Table S1. The prevalence of atopic and allergic diseases in college students.

484 Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college 
485 students.
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486 Table1. Characteristics of participants in the Present Study (N=20123)
487

Characteristics N %

Gender

Male 10283 51.1

Female 9840 48.9

Income (CNY)

<10,000 2168 10.8

10,000–29,999 4376 21.7

30,000–49,999 3465 17.2

50,000–99,999 4417 22.0

100,000–199,999 4063 20.2

≥200,000 1634 8.1
Parental highest 

education
Primary school 1320 6.6

Middle school 5316 26.4

High school 5021 24.9

College and above 8466 42.1

Ethnicity

Han Chinese 16218 80.6

Other ethnicities 3905 19.4
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489 Table 2. Health seeking behavior when dealing with a cold or fever in the preschool age.a

490

Health seeking behavior, n (%)b

Disease condition Total
Ignore them Drink water or 

have a rest

Receive 
antibiotics orally 
or intravenously

Receive Chinese 
traditional 

medicine orally
Unknown

Skin
Atopic dermatitis 776 20 (2.6) 370 (47.6) 512 (65.9) 194 (25.0) 3 (0.3)

Hand eczema 675 32 (4.7) 343 (50.8) 430 (63.7) 149 (22.0) 4 (0.5)
Allergic reactions to 

food/drug/light 456 9 (2.0) 227 (49.7) 286 (62.7) 95 (20.8) 1 (0.2)

Chronic urticaria 381 8 (2.1) 158 (41.4) 257 (67.4) 100 (26.2) 1 (0.3)
Allergic skin disease c 833 17 (2.0) 384 (46.0) 539 (64.7) 194 (23.2) 2 (0.2)

Beyond skin
Atopic march d 3139 66 (2.1) 1542 (49.1) 2081 (66.2) 728 (23.1) 12 (0.3)

Allergic conjunctivitis 153 4 (2.6) 83 (54.2) 107 (69.9) 36 (23.5) 0 (0)
Allergic rhinitis 2273 42 (1.8) 1135 (49.9) 1515 (66.6) 532 (23.4) 8 (0.4)

Asthma 303 7 (2.3) 154 (50.8) 206 (67.9) 70 (23.1) 2 (0.6)

Without atopic/allergic 
diseases 16343 597 (3.7) 7761 (47.4) 10057 (61.5) 3058 (18.7) 76 (0.4)

491 a Multiple selections are allowed in the questionnaire.

492 b Proportion ratios in populations.

493 c Allergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.

494 d Atopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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1

Supplementary file captions
Material S1. Chinese college students health survey questionnaire (Translation
version in English)
Table S1. The prevalence of atopic and allergic diseases in college students.
Table S2. Association of antibiotic and URTI exposure with atopic and allergic
diseases in college students.
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2

Material S1. Chinese college students health survey questionnaire (English version)

Chinese college students health survey questionnaire

Informed consent

Welcome to participate in the Chinese University Student Health Survey. To

promote better health management for Chinese college freshmen, you are invited to

fill out a questionnaire including several parts: (A) General information; (B)

Medical history, (C) Lifestyle habits, (D) Skin health, which take about 15 minutes

to answer. We will provide you with reasonable health education and health

management based on this information, combined with the results of the health

checkup. All the information you fill in will be kept strictly confidential. Continue to

fill in the following content, indicating that you and your guardian have understood

and are willing to continue to cooperate with our work. Thank you!

A. General information

A01. Before you went to university, please provide your address. ___________

(Specific to districts and counties)

A02. Have you moved to other places (cross-city) in the past 10 years

(Single selection, if "No" jump to A04)

 Never  Ever

A03. If so, the previous address is?___________ (Specific to districts and counties)

A04. Sex (Single selection)

 Male  Female

A05. Your Ethnicity:_______

A06. Annual household income. (Single selection)

 <10,000  10,000–29,999  30,000–49,999

 50,000–99,999  100,000–199,999  ≥200,000

A07. Your father’s highest education (Single selection)

 Primary school or  Middle school  High school
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3

blow

 College  Postgraduate or

above

 Unclear

A08. Your mother’s highest education (Single selection)

 Primary school or

blow

 Middle school  High school

 College  Postgraduate or

above

 Unclear

B. Medical History

B01. Have you ever been specifically diagnosed with any of the following

cardiovascular or metabolic diseases? (Multiple selections are allowed)

 Hypertension  Coronary heart

disease

 Hyperlipidemia

 Obesity  Fatty liver  Gout

 Psoriasis  None of above

B02. Have you ever been diagnosed with any of the following allergic diseases?

(Multiple selections are allowed)

 Asthma  Allergic Rhinitis  Allergic

conjunctivitis

 Eczema  Urticaria  None of above

B03. Have you ever been diagnosed with any of the following infectious diseases?

(Multiple selections are allowed)

 Tuberculosis or other

forms of tuberculosis

 Hepatitis B  Hepatitis C

 Helicobacter pylori

infection

 HIV infection  None of above

B04. Have you ever been diagnosed with any of the following endocrine diseases?

(Multiple selections are allowed)
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4

 Type 1 diabetes  Type 2 diabetes  Polycystic ovarian

syndrome

 Hypertrichosis  Hypothyroidism  Hyperthyroidism

 Graves disease  Hashimoto

thyroiditis

 None of above

B05.Have you ever been diagnosed with any of the following immune diseases?

(Multiple selections are allowed)

 SLE  Scleroderma  Sjogren syndrome

 Uveitis  Rheumatoid arthritis  Dermatomyositis

 None of above

B06. Have you ever been diagnosed with any of the following hematologic

diseases? (Multiple selections are allowed)

 Iron-deficiency

anemia

 Megaloblastic

anemia

 Thalassemia

 Anemia  Hemophilia  leucocythemia

 Lymphadenoma  None of above

B07. Have you ever been diagnosed with any of the following mental or

neurological disorders? (Multiple selections are allowed)

 ADHD and attention deficit

disorder

 Depressive disorder  Anxiety

 Schizophrenia  None of above

B08. Have you ever had any of the following food allergies？ (Multiple selections

are allowed)

 None  Milk  Egg

 Wheat  Soybean  Fish

 Nuts  Fruit  Crustaceans (e.g., shrimp,

crab, etc.)

 Others  Unclear

B09. Have you ever been allergic to any of the following medications? (Multiple
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selections are allowed)

 None  Antibiotics  Non-steroidal

anti-inflammatory drugs

analgesics (e.g., aspirin)

 Contrast medium  Anesthetic

 Anticonvulsant  Chemotherapy

drugs

 Others

 Unclear

B10. Have you ever been allergic to any of the following environmental substances?

(Multiple selections are allowed )

 None  Dust mite  Mycete

 Animal skins  Pollen  House dust

 Cockroach  Others  Unclear

B11. Do you have an excessive bug bite response? (Single selection)

 No  Yes

B12. In the past year, have you had a dog, cat, or other small stuffed animal such as

rabbit, guinea pig, hamster, etc.? (Multiple selections are allowed)

 No  Dog  Cat

 Other stuffed

animals

 Unclear

B13. Do you have a long history of close exposure to chemicals? (Multiple

selections are allowed)

 None  Formaldehyde  Gasoline

 Oil varnish  Others  Unclear

B14. Have you used or taken any medication almost every day for the last 2 weeks?

(Multiple selections are allowed)

 None  Antibiotics  Nonsteroidal

anti-inflammatory

drugs and analgesics

(NSAIDS)

 Hormone  Antituberculosis

drugs

 Others  Clear
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B15. Whether breastfed after birth or not. (Single selection)

 No  Yes  Unclear

B16. How often do you have "colds and fevers" in your early school years

(before age of 7 years old)? (Single selection)

 Rare (≤1 time/year)  Occasional

(2-3 times/year)

 Often

(4 or more times/year)

B17. Which way did you (or your parents) usually deal with your "cold or

fever" in the early school age years? (Multiple selections are allowed)

 Ignore them  Drink more water or

have a rest

 Receive antibiotics

orally

 Oral Chinese

Traditional medicine

 Receive antibiotics

intravenously

 Others

B18. Which of the following frequency of antibiotic use can improve or cure

your “Cold or fever” in the early school age years? (Single selection)

 Rarely, it usually cured

without antibiotic treatment

 occasional

 Often by antibiotics orally  Often by antibiotics intravenously

C. Lifestyle Habits

C01.Do you smoke (refers to smoking at least one cigarette a day for more than six

months) (Single selection, jump to C3 if you choose "hardly")

 Hardly  < 1 packet

/day

(about 20

cigarettes in a

packect )

 1-2 packets

/day

 > 2 packs/day

C02. If you smoke, how many years have you smoked in total so far? (Single

selection)
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 < 1 year  1-3 years  > 3 years

C03. In the last month, your frequency of passive smoking is (the involuntary

inhalation of smoke caused by other people's smoking in your living or working

environment) (Single selection, jump to C5 if you choose "hardly")

 Hardly  < 1 day/week  1-2 days/week

 3-5 days/week  6-7 days/week

C04. How many years have you been second-hand smoking? (Single selection)

 < 2 years  2-3 years  4-6 years  > 6 years

C05. How often do you drink alcohol? (referring to once a week for at least six

months) (Single selection, jump to C9 if you choose "hardly")

 Hardly  Once a week  2-4 times/week

 5-7 times/week  8-10 times/week  > 10 times/week

C06. How many years have you been drinking? (Single selection)

 < 1year  1-3years  4-5years  > 5 years

C07. What's your main drink? (Single selection)

 Beer  Liqueur  Red wine  Sweet

wine

 Chinese

rice wine

C08. How much do you drink on average each time? (Single selection)

 Less (1 bottle of beer, or 50-100g other types of alcohol)

 Medium (2 bottles of beer, or 100g other types of alcohol)

 Much (three bottles of beer, or 150g other types of alcohol)

 A lot (more than 3 bottles of beer, or more than 150g of other types of

alcohol)

D. Skin Health

D01.How many showers do you take per week in the spring and fall? (Single

selection)

 ≤1 time per week  2~4 times per week  5~7 times per week
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 8~10 times per

week

 >10 times per week

D02. How long do you take a shower in spring and fall? (Single selection)

 < 5 minutes  5-10 minutes  11-20 minutes

 21-30 minutes  > 30 minutes

D03. What kind of toiletries do you use most? (Single selection)

 None  Soap  Shower gel  Others

D04. In spring and fall, the temperature of your bath is (Single selection)

 Low temperature(<35

centigrade)

 Close to the body

temperature(35-40

centigrade)

 High temperature(>

40 centigrade)

D05. Do you use moisturizer all over your body almost daily in fall and winter?

(Single selection)

 No  Yes

D06. How often do you use facial cleansing products (e.g. cleanser, soap)? (Single

selection)

 Hardly  Usually  Once per day  ≥twice per

day

D07. How often have you washed your hair in the past two years? (Single selection)

 ≥ Twice per day  Once per day  Once on

alternate

days

 Once every 2-6 days  Once a week or more

D08. In the past two years, what kind of toiletries you use is? (Single selection)

 None  Shampoo  Shampoo +

conditioner

 Others

D09. Have you used hair care/hair products in the past two years? (multiple

selections)

 None  Essential oil, elastin and other hair
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care products

 Hair gel  Others

D10. In the last two years, how often have you dyed your hair? (Single selection)

 Never  Less than once a year  Once every 2 to 6

months

 Once every 7 to 11

months

 More than once a

month

D11. In the past two years, your perm frequency is (Single selection)

 Never  Less than once a year  Once every 2 to 6

months

 Once every 7 to 11

months

 More than once a

month

D12. Do you have frequent itchy skin, and to what extent (0 is not itchy at all and 10

is extremely itchy)？

0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10

D13. Do you have regular skin pain, and to what extent (0 is no pain at all and 10 is

extreme pain)？

0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10
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Table S1. The prevalence of atopic and allergic diseases in college students

Disease
N, Prevalence

(%)a

URTI, n (%) Antibiotics, n (%)

Rare Occasional Frequent Rare / occasional Often,orally
Often,

intravenously

Skin

Atopic dermatitis 776 (3.86) 174 (2.99) 459(3.99) 143(5.1) 349(3.39) 263(4.11) 164(4.79)

Hand eczema 675(3.35) 145 (2.49) 407(3.54) 123(4.38) 310(3.01) 243(3.79) 122(3.57)

Allergic reactions to
food/drug/light

456(2.27) 121(2.08) 255(2.22) 80(2.85) 212(2.06) 152(2.37) 92(2.69)

Chronic urticaria 381(1.89) 96(1.65) 207(1.8) 78(2.78) 170(1.65) 133(2.08) 78(2.28)

Allergic skin disease b 833(4.14) 217(3.73) 460(4) 156(5.56) 381(3.7) 285(4.45) 167(4.88)

Beyond skin

Atopic march c 3139(15.6) 687(11.79) 1825(15.88) 627(22.34) 1372(13.33) 1101(17.19) 666(19.47)

Allergic conjunctivitis 153(0.76) 32(0.55) 84(0.73) 37(1.32) 63(0.61) 54(0.84) 36(1.05)

Allergic rhinitis 2273(15.6) 486(8.34) 1327(11.55) 460(16.39) 984(9.56) 809(12.63) 480(14.03)

Asthma 303(1.51) 46(0.79) 171(1.49) 86(3.06) 111(1.08) 117(1.83) 75(2.19)
aThe total prevalence of atopic and allergic diseases in our study population.
bAllergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
cAtopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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Table S2. Association of antibiotic and URTI exposure with atopic and allergic diseases in college students

Disease
URTI, aRR (95%CI) a Antibiotics, aRR (95%CI) a

Rare Occasional Frequent Rare / occasional Often, orally Often, intravenously

Skin

Atopic dermatitis Reference 1.32 (1.09, 1.54) 1.59 (1.27, 1.98) Reference 1.18 (1.01, 1.39) 1.36 (1.14, 1.62)

Hand eczema Reference 1.32 (1.08, 1.56) 1.60 (1.26, 2.02) Reference 1.27 (1.08, 1.49) 1.17 (0.95, 1.44)

Allergic reactions to food/drug/light Reference 1.10 (0.92, 1.28) 1.30 (1.04, 1.63) Reference 1.15 (0.97, 1.37) 1.36 (1.12, 1.65)

Chronic urticaria Reference 0.97 (0.76, 1.17) 1.58 (1.21, 2.05) Reference 1.13 (0.90, 1.40) 1.39 (1.09, 1.78)

Allergic skin disease b Reference 1.04 (0.89, 1.20) 1.46 (1.22, 1.76) Reference 1.16 (1.01, 1.34) 1.33 (1.13, 1.57)

Beyond skin

Atopic march c Reference 1.39 (1.26, 1.52) 2.08 (1.85, 2.34) Reference 1.35 (1.24, 1.48) 1.55 (1.40, 1.71)

Allergic conjunctivitis Reference 1.89 (1.13, 2.66) 3.49 (2.05, 5.96) Reference 1.58 (1.08, 2.32) 2.72 (1.75, 4.23)

Allergic rhinitis Reference 1.43 (1.27, 1.59) 2.13 (1.86, 2.43) Reference 1.39 (1.26, 1.53) 1.56 (1.39, 1.74)

Asthma Reference 2.56 (1.69, 3.43) 4.89 (3.20, 7.47) Reference 1.92 (1.52, 2.43) 2.10 (1.64, 2.70)
aAdjusted for the fixed effects of gender, income, education, passive smoking, and ethnicity and the random effect of university.
bAllergic skin disease includes allergic reactions to food/drug/light, contact dermatitis, and urticaria.
cAtopic march refers to atopic dermatitis, allergic asthma, allergic rhinitis, and allergic conjunctivitis.
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