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Abstract
Purpose: Antibiotics prescription in early life can cause dysbiosis, an imbalance of gut microbiota. We
aimed to reveal the relationship between antibiotics exposure during the �rst 2 years after birth and type 1
diabetes risk in children under 8 years of age using a nationally representative data from South Korea.

Methods: The �nal study population consisted of 63,434 children from the National Health Insurance
Service (NHIS) database from 2008 to 2015. The primary exposure of interest was antibiotics prescription
in �rst 2 years after birth. The analysis was conducted with cumulative de�ned daily dose (cDDD; 0-29,
30-59, ≥ 60 cDDD), the number of antibiotics classes (0-3, 4, ≥ 5 classes), and age at �rst antibiotics
prescription (0-119, 120-239, ≥ 240 days). Age, sex, household income, and overweight were considered
as potential confounding covariates.

Results: Compared to those within the less than 30 cDDD, other groups that were prescribed more
antibiotics did not have a signi�cant difference in diabetes risk (aHR 0.86, 95% CI 0.37-2.02 in ≥ 60
cDDD). The number of antibiotics classes and age at �rst antibiotics prescriptions were also not
associated with the risk of type 1 diabetes. The development of diabetes was not related to the cDDD, the
number of antibiotics classes, and age at �rst antibiotics prescription according to subgroup analysis
which was strati�ed by overweight.

Conclusions: Antibiotics exposure within the �rst 2 years of life was not associated with subsequent
diabetes risk. Future studies using a larger number of long-term follow-up data are needed.
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Introduction
The incidence of type 1 diabetes in children and adolescents is increasing worldwide [1,2]. Type 1
diabetes incidence is rapidly increasing, especially at a young age of 10 years or younger than
adolescents [3]. The incidence of type 1 diabetes varies remarkably by ethnicity [3,4]. In Asia including
South Korea, incidence of type 1 diabetes is lower than that of Western countries [5,6]. The incidence
between Asia and Europe in childhood type 1 diabetes is reported to be more than 350 folds different [7].
Diabetes is a disease that has a high socioeconomic burden due to morbidity and mortality via
complications related to diabetes [8,9]. The importance of predicting the occurrence of childhood
diabetes and preventing risk factors before developing diabetes is of clinical importance. 
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Type 1 diabetes is caused by pancreatic islet beta cell destruction by autoreactive T lymphocyte [10].
Factors that trigger pancreatic beta cell destruction include genetic defect, infection, drug, and chemicals
[6,11,12]. Recently, gut microbiota is also known to be associated with the development of type 1 diabetes
[13]. Antibiotics prescription in early life can cause dysbiosis, which is an imbalance of gut microbiota
[14]. Recently, research on how dysbiosis caused by antibiotics for early infancy affects health in the
future is being actively conducted. Antibiotics exposure in early life is known to increase obesity [15,16].
Due to the fact that obesity is associated with diabetes risk [17,18], antibiotics exposure may also be
associated with the subsequent development of diabetes.

Whether antibiotics exposure affects the development of childhood diabetes is yet unclear. Few studies
have investigated the association of antibiotics exposure with diabetes risk, but the link between
antibiotics exposure and type 1 diabetes prevalence is not clear [14,19,20]. All of these studies were
conducted on Caucasians, therefore limiting the generalizability of the results to populations outside of
the Western population. Previous studies on the association of antibiotics and diabetes failed to take
obesity into consideration due to a lack of information. This may be particularly relevant as obesity may
be an important confounder that is associated with both antibiotics and diabetes. Therefore, study that
takes into account obesity on the association of antibiotics with diabetes is needed.

In this study, we aimed to reveal the relationship between antibiotics exposure during the �rst 2 years and
the development of diabetes in children under 8 years of age using a nationally representative data from
South Korea. Additionally, overweight was adjusted for and strati�ed in the relationship between
antibiotics exposure and diabetes risk.

Methods
Study population

In South Korea, the National Health Insurance Service (NHIS) provided the National Health Information
Database (NHID) established by integrating regular health examination data, claim data for hospital use,
socio-demographic pro�le, and mortality [21]. National infant and child medical check-ups are provided to
all Korean children from 4 months-old to 6 years-old on a total of 7 occasions. Each examination includes
physical examinations, measuring anthropometric data such as height, weight, head circumference, and
developmental assessment. The NHIS provided the 5% sampled data which was extracted randomly from
the total examination data of children received at least the �rst or second check-up once in 2008-2012.
This is provided through the establishment of an infant medical check-up cohort database as follow up
data during 2008-2015. 

Among 84,005 participants included in the database, children who met the following exclusion criteria
were excluded: missing values on covariates including age, sex, and household income (n=39), missing
values on height or weight in the third medical check-up (n=20,458), outliers of height or weight which
has lesser than 1 % or more than 99 % according to sex and age (n=39), and those who died or were
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diagnosed with diabetes before the age of 2 (n=35). The �nal study population consisted of 63,434
children.

Key variables 

The diagnosis of diabetes as an outcome variable was identi�ed by using the ICD-10 codes, E10, E11,
and E14. E12, malnutrition related diabetes, and E13, other speci�ed diabetes mellitus was excluded from
the analysis because they were considered as temporary diabetes due to other causes such as
malnutrition, drug, etc. The incidence of type 2 diabetes among children aged <10 years in South Korea is
very low, as can be seen in 0 aged 0-4 regardless of sex, and 0.14 in boys and 0.21 in girls aged 5-9 [22].
The diagnosis of diabetes in this study of children under 8 years of age was considered as type 1
diabetes considering the incidence of type 2 diabetes in South Korea. Even if type 2 diabetes was
diagnosed, we thought it would be a misdiagnosis and considered it type 1 diabetes since the incidence
of type 2 diabetes is too low at this age. Moreover, outliers for weight were excluded.

The primary exposure of interest was antibiotics exposure within the �rst 2 years after birth since healthy
infants reach adult gut microbiome after undergoing compositional change during the �rst 2 years [23]. In
South Korea, antibiotics can be prescribed only through a doctor’s prescription. Through the database
provided by NHIS, information on the prescription date, the class of antibiotics prescribed, and the
prescribed dose was collected. Antibiotics prescriptions were con�rmed using the Anatomic Therapeutic
Chemical (ATC) code since all drugs are classi�ed according to ATC classi�cation system [24]. 

The analysis was conducted with three ways of cumulative de�ned daily dose (cDDD), the number of
antibiotics classes, and age at �rst antibiotics prescription. The de�ned daily dose (DDD) is de�ned by
the World Health Organization as “The assumed average maintenance dose per day for a drug used for
its main indication in adults.” And is the most commonly used method for quantifying antibiotics [24]. We
used cDDD in the analysis because there was no established method in children. cDDD was calculated by
adding up the DDD of each antibiotic multiplied by the number of prescription days. 

Each exposure, cDDD, classes of antibiotics, and the age at �rst antibiotics prescription, was divided into
3 groups (0-29 cDDD, 30-59 cDDD, and 60 cDDD or more; 0-3 classes, 4 classes, and 5 classes or more; 0-
119 days, 120-239 days, and 240 days or more). In the cDDD analysis, additional analysis was conducted
on each antibiotics class with more than 2 events of type 1 diabetes in each cDDD group. The
classi�cation of the antibiotics class follows the ATC classi�cation system [24]. 

            Age (continuous, years), sex (categorical, boys or girls), household income (categorical, �rst,
second, third, or fourth quartiles), and overweight (categorical, yes or no) was considered as potential
confounding covariates. Household income was acquired from the insurance premium. The weight
percentile based on length, weight for length (WFL), referring to growth chart was used as an indicator of
overweight under 24 months of age [25,26]. Overweight was de�ned as WFL of 85th percentile or higher
referred to the Korean National Growth Charts for children and adolescents [26]. As the number of events
was too small, 85th percentile, which was alleviated than the 95th percentile suggested by WHO, was
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used as a criterion for overweight. WFL was used as an index of overweight instead of body mass index
because weight and height values of the third examination, which was performed around 18 to 24
months after birth, were used closest to the index date when the patient was 24 months of age. 

Statistical analysis 

             Follow up duration was de�ned as the interval between the age of 2 years and the earliest date
among the diagnosis of diabetes, death, or December 31st, 2015. The hazard ratios (HRs) and 95%
con�dence interval (CIs) of diabetes development of antibiotics prescribed before 2 years old was
calculated by multivariate Cox proportional hazard regression analysis. The group with the smallest
amount of antibiotics exposed (0-30 cDDD; 0-3 classes; 0-120 days) were considered as the reference
group in each analysis. 

Strati�ed analysis of antibiotics prescription on the risk of diabetes was conducted according to
subgroups of WFL. Sensitivity analysis was performed according to preterm birth, neonatal intensive care
unit (NICU) admission, and breastfeeding through questionnaire surveyed at the �rst medical check-up. 

Statistical signi�cance was de�ned when the p-value was less than 0.05. SAS Enterprise Guide 7.1 (SAS
Institute, Cary, NC, USA) was used to conduct all statistical analyzes.

Results
Table 1 showed the clinical characteristics in the study population according to cDDD of prescribed
antibiotics before 2 years old. Among 63,434 study participants, 28,706 (45.3 %), 18,188 (28.7 %), and
16,540 (26.1 %) were allocated for the 0-30 cDDD, 30-60 cDDD, and more than 60 cDDD group. The age
was the same as all 2 years since the index date was set based on the participant’s age of 2. The
proportion of boys was 41.3 %, 52.9 %, and 58.3 %, respectively. Participants who were boys and had
lower household income prescribed more antibiotics (p for trend <0.001). The proportion of overweight
was 18.3 %, 22.0 %, and 27.6 %, respectively. The overweight ratio was higher in the group that received
more antibiotics prescribed (p for trend <0.001). 

The association between cDDD of antibiotics and diabetes was shown in Table 2. Compared to those
within the less than 30 cDDD, other groups which were prescribed more antibiotics did not have a
signi�cant difference in diabetes risk (aHR 0.86, 95% CI 0.45-1.65 in 30-60 cDDD; aHR 0.81, 95% CI 0.41-
1.62 in >60 cDDD). The same tendency was observed when analyzed for each antibiotics class, penicillin,
cephalosporine, macrolide, and �uoroquinolone. The risk of diabetes did not increase upon greater cDDD
(p for trend 0.556 for penicillin; 0.441 for cephalosporin; 0.563 for macrolide; 0.411 for �uoroquinolone).

The number of antibiotics classes and age at �rst antibiotics prescriptions were also not associated with
the risk of type 1 diabetes (Table 3). Compared to 0-3 antibiotics classes, more than 5 classes of
antibiotics classes did not show a signi�cant increase in diabetes (aHR 1.20, 95% CI 0.54-2.70; p for trend
0.862). Age at �rst antibiotics prescription was also not signi�cantly related to the development of
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diabetes. More than 240 days at �rst prescription did not increase the risk of diabetes compared to less
than 120 days (aHR 1.25, 95% CI 0.65-2.39).

Table 4 depicts the strati�ed analysis of the antibiotics on diabetes according to subgroups of
overweight. The development of diabetes was not related to the cDDD, the number of antibiotics classes,
and age at �rst antibiotics prescription among overweight or not.

The sensitivity analysis of the association antibiotics prescribed before the age of 2 years and diabetes
after additional adjustments for preterm birth, NICU admission, and breastfeeding are shown in Table 5.
As the previous results, an increase in the cDDD, the number of antibiotics classes, and age at �rst
antibiotics prescription was not associated with diabetes risk after additional adjustments for preterm
birth, NICU admission, and breastfeeding.

Discussion
This study is signi�cant as it is the �rst paper to study antibiotics exposure in early life and diabetes in
Asian countries. Antibiotics exposure in the �rst 2 years did not affect the development of type 1 diabetes
in children under 8 years of age. We conducted the analysis using nationally representative data sampled
from the longitudinal national cohort in the NHIS database from South Korea. The incidence of type 1
diabetes was not related to cDDD, the number of antibiotics classes, and age at �rst antibiotics
prescription for the �rst 2 years.

            One of the most commonly prescribed medications in children is antibiotics [27]. Since the gut
microbiome is not stable in early life, an imbalance of gut microbiome caused by antibiotics prescribed
during the neonatal period causes various health problems [28,29]. Studies have reported that obesity
was associated with dysbiosis caused by antibiotics [15,30]. Moving further from obesity, diabetes has
also recently been increasingly noted for its relevance to the intestinal microbiome [31]. Animal studies
have reported that the prevalence of type 1 diabetes increases with partial ablation of gut microbiota due
to antibiotics exposure in early life [13]. It was previously speculated that dysbiosis could lead to type 1
diabetes by autoimmunity damage [32,33]. We conducted a study assuming that diabetes may be related
to the exposure of antibiotics in early life. In this study of more than 60,000 children, antibiotics use was
not associated with childhood diabetes.

Few papers have studied the relationship between antibiotics exposure and the development of childhood
diabetes. Whether there is a relationship between antibiotics exposure and diabetes is still controversial.
The use of antimicrobials during pregnancy was not associated with the occurrence of type 1 diabetes,
but it has been reported that using the penicillin and macrolide series may increase the risk [19]. Although
the exposure group is different due to the use of antibiotics before pregnancy, this also reminds us of the
link between antibiotics in early life and childhood diabetes. A Danish cohort study has been reported that
the use of broad-spectrum antibiotics increases type 1 diabetes in the �rst 2 years of life among children
born in the cesarean section, but children who were delivered by vaginal delivery was not relevant [20]. In
studies using national data in Norway, the history of antibiotics in the �rst 2 years and infection were not
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associated with the development of type 1 diabetes [14]. All of the above studies were conducted on
Caucasians. 

Diabetes is also a disease that is highly affected by ethnicity regardless of type [4,34]. The incidence of
diabetes is increasing in South Korea, and the incidence of children under 15 years of age was reported to
be 1.19 per 100 000 population in 1995-2000 and 3.19 in 2012-2014, where the annual increase was 5.6
% [35]. The incidence of South Korea is lower than that of the United States, 21.7 cases per 100 000 youth
in 2011-2012 [36]. This is the �rst study in Asian childhood, and this study can provide insight into the
relationship between antibiotics exposure and diabetes in Asian children by using nationally
representative data. Furthermore, weight and height that were not considered in the previous studies due
to limitations of the retrospective study were in this paper for a more accurate correlation between
antibiotics and diabetes. The overweight was adjusted as a covariate variable using WFL percentage of
each participant. This study attempted to perform a more accurate analysis through the relationship with
an accumulated dose of antibiotics by cDDD, unlike previous studies that only analyzed antibiotics
repeated courses.

            This study con�rmed whether diabetes is related according to the accumulated doses of
antibiotics prescribed for 2 years of age and prescribed antibiotics classes. We performed statistical
analysis by adjusting age, sex, income, and overweight. The overweight tended to increase as the group
receiving more antibiotics was prescribed. Given the reports that obesity can increase the risk of infection
[37,38], it suggests that overweight may increase the risk of infection and may be related to antibiotics
prescriptions. The �rst 2 years of antibiotics exposure has null-association with the occurrence of type 1
diabetes, whether according to cDDD or the number of antibiotics class. Even when the strati�ed analysis
was performed by dividing the overweight or not, the relationship between antibiotics exposure and type 1
diabetes was not clear. In an additional analysis, preterm birth, history of NICU care, and breastfeeding
were additionally adjusted. Antibiotics exposure was not also statistically signi�cantly related to the
development of type 1 diabetes in the sensitivity analysis. 

The limitations of this study are as follows. First, there were di�culties in statistical analysis that there
were not many numbers of diabetes in children due to the limitation of sampled data. Only 53 children
were diagnosed with diabetes among total children. The possibility that the number of diabetes of each
group was too small to derive statistical signi�cance cannot be ignored. Further studies using the entire
data rather than sample data are needed to con�rm more accurate relevance between antibiotics
exposure in early life and diabetes. Second, the average follow-up duration is as short as 3 years. This
study assumed that children were diagnosed as type 1 diabetes by referring to the prevalence of Korea
under 8 years of age [22]. There may be overdiagnosis and misclassi�cation because diabetes is de�ned
only by ICD-10 codes. There may be type 2 diabetes and maturity-onset diabetes of the young, but we
considered the impact would be minimal because the number is too small to change the result. The
incidence of type 2 diabetes increases toward adolescence rather than early age, so further studies with a
longer follow up period are needed for type 2 diabetes studies. Third, there is no guarantee that
antibiotics are actually taken through register-based data. Patients can be prescribed medicine in several



Page 9/17

hospitals given that Korea is an environment with high access to primary care physicians. Finally, it is
di�cult to con�rm the time-temporal relationship between exposure and outcome due to the retrospective
study design.

            In conclusion, antibiotic exposure within the �rst 2 years of life was not associated with
subsequent type 1 diabetes risk. Even when considering overweight, the relationship between antibiotics
exposure and type 1 diabetes did not change. This study is meaningful in that this is the �rst study
conducted in an Asian group and also it investigated the effect of overweight on the relationship between
antibiotics exposure in early life and type 1 diabetes. Physicians should interpret the results with care as
the impact of antibiotics on other health problems such as obesity appear to be prevalent. Further studies
using a larger number of long-term follow-up data are needed.

References
1. Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, Bell R, Badaru A, Talton JW,
Crume T, Liese AD, Merchant AT, Lawrence JM, Reynolds K, Dolan L, Liu LL, Hamman RF, Study SfDiY
(2014) Prevalence of type 1 and type 2 diabetes among children and adolescents from 2001 to 2009.
JAMA 311 (17):1778-1786. doi:10.1001/jama.2014.3201

2. Hummel K, McFann KK, Realsen J, Messer LH, Klingensmith GJ, Chase HP (2012) The increasing onset
of type 1 diabetes in children. J Pediatr 161 (4):652-657 e651. doi:10.1016/j.jpeds.2012.03.061

3. Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G (2009) Incidence trends for childhood type 1
diabetes in Europe during 1989–2003 and predicted new cases 2005–20: a multicentre prospective
registration study. The Lancet 373 (9680):2027-2033. doi:10.1016/s0140-6736(09)60568-7

4. Carter PJ, Cut�eld WS, Hofman PL, Gunn AJ, Wilson DA, Reed PW, Jefferies C (2008) Ethnicity and
social deprivation independently in�uence metabolic control in children with type 1 diabetes.
Diabetologia 51 (10):1835-1842. doi:10.1007/s00125-008-1106-9

5. Zhang H, Xia W, Yu Q, Wang B, Chen S, Wang Z, Love EJ (2008) Increasing incidence of type 1 diabetes
in children aged 0-14 years in Harbin, China (1990-2000). Prim Care Diabetes 2 (3):121-126.
doi:10.1016/j.pcd.2008.06.001

6. Craig ME, Hattersley A, Donaghue KC (2009) De�nition, epidemiology and classi�cation of diabetes in
children and adolescents. Pediatric Diabetes 10:3-12. doi:10.1111/j.1399-5448.2009.00568.x

7. Group TDP (2006) Incidence and trends of childhood Type 1 diabetes worldwide 1990–1999. Diabetic
Medicine 23 (8):857-866. doi:10.1111/j.1464-5491.2006.01925.x

8. Kim DJ (2011) The Epidemiology of Diabetes in Korea. Diabetes & Metabolism Journal 35 (4):303.
doi:10.4093/dmj.2011.35.4.303



Page 10/17

9. Dabelea D, Stafford JM, Mayer-Davis EJ, D’Agostino R, Dolan L, Imperatore G, Linder B, Lawrence JM,
Marcovina SM, Mottl AK, Black MH, Pop-Busui R, Saydah S, Hamman RF, Pihoker C (2017) Association of
Type 1 Diabetes vs Type 2 Diabetes Diagnosed During Childhood and Adolescence With Complications
During Teenage Years and Young Adulthood. JAMA 317 (8):825. doi:10.1001/jama.2017.0686

10. Coppieters KT, Dotta F, Amirian N, Campbell PD, Kay TW, Atkinson MA, Roep BO, von Herrath MG
(2012) Demonstration of islet-autoreactive CD8 T cells in insulitic lesions from recent onset and long-
term type 1 diabetes patients. J Exp Med 209 (1):51-60. doi:10.1084/jem.20111187

11. Verge CF, Gianani R, Kawasaki E, Yu L, Pietropaolo M, Jackson RA, Chase HP, Eisenbarth GS (1996)
Prediction of type I diabetes in �rst-degree relatives using a combination of insulin, GAD, and
ICA512bdc/IA-2 autoantibodies. Diabetes 45 (7):926-933. doi:10.2337/diab.45.7.926

12. Skyler JS, Krischer JP, Wolfsdorf J, Cowie C, Palmer JP, Greenbaum C, Cuthbertson D, Rafkin-Mervis
LE, Chase HP, Leschek E (2005) Effects of oral insulin in relatives of patients with type 1 diabetes: The
Diabetes Prevention Trial--Type 1. Diabetes Care 28 (5):1068-1076. doi:10.2337/diacare.28.5.1068

13. Candon S, Perez-Arroyo A, Marquet C, Valette F, Foray AP, Pelletier B, Milani C, Ventura M, Bach JF,
Chatenoud L (2015) Antibiotics in early life alter the gut microbiome and increase disease incidence in a
spontaneous mouse model of autoimmune insulin-dependent diabetes. PLoS One 10 (5):e0125448.
doi:10.1371/journal.pone.0125448

14. Tapia G, Størdal K, Mårild K, Kahrs CR, Skrivarhaug T, Njølstad PR, Joner G, Stene LC (2018)
Antibiotics, acetaminophen and infections during prenatal and early life in relation to type 1 diabetes.
International Journal of Epidemiology 47 (5):1538-1548. doi:10.1093/ije/dyy092

15. Bailey LC, Forrest CB, Zhang P, Richards TM, Livshits A, DeRusso PA (2014) Association of antibiotics
in infancy with early childhood obesity. JAMA Pediatr 168 (11):1063-1069.
doi:10.1001/jamapediatrics.2014.1539

16. Scott FI, Horton DB, Mamtani R, Haynes K, Goldberg DS, Lee DY, Lewis JD (2016) Administration of
Antibiotics to Children Before Age 2 Years Increases Risk for Childhood Obesity. Gastroenterology 151
(1):120-129 e125. doi:10.1053/j.gastro.2016.03.006

17. Corbin KD, Driscoll KA, Pratley RE, Smith SR, Maahs DM, Mayer-Davis EJ, Advancing Care for Type D,
Obesity N (2018) Obesity in Type 1 Diabetes: Pathophysiology, Clinical Impact, and Mechanisms. Endocr
Rev 39 (5):629-663. doi:10.1210/er.2017-00191

18. Kahn SE, Hull RL, Utzschneider KM (2006) Mechanisms linking obesity to insulin resistance and type
2 diabetes. Nature 444 (7121):840-846. doi:10.1038/nature05482

19. Kilkkinen A, Virtanen SM, Klaukka T, Kenward MG, Salkinoja-Salonen M, Gissler M, Kaila M, Reunanen
A (2006) Use of antimicrobials and risk of type 1 diabetes in a population-based mother-child cohort.



Page 11/17

Diabetologia 49 (1):66-70. doi:10.1007/s00125-005-0078-2

20. Clausen TD, Bergholt T, Bouaziz O, Arpi M, Eriksson F, Rasmussen S, Keiding N, Lokkegaard EC (2016)
Broad-Spectrum Antibiotic Treatment and Subsequent Childhood Type 1 Diabetes: A Nationwide Danish
Cohort Study. PLoS One 11 (8):e0161654. doi:10.1371/journal.pone.0161654

21. Cheol Seong S, Kim Y-Y, Khang Y-H, Heon Park J, Kang H-J, Lee H, Do C-H, Song J-S, Hyon Bang J, Ha
S, Lee E-J, Ae Shin S (2016) Data Resource Pro�le: The National Health Information Database of the
National Health Insurance Service in South Korea. International Journal of Epidemiology:799-800.
doi:10.1093/ije/dyw253

22. Lee JH, Kim Y-M, Kwak MJ, Kim SY, Kim H-J, Cheon CK, Chung WY, Choi I-J, Hong SY, Chueh HW, Yoo
J-H (2015) Incidence trends and associated factors of diabetes mellitus in Korean children and
adolescents: a retrospective cohort study in Busan and Gyeongnam.  20 (4):206.
doi:10.6065/apem.2015.20.4.206

23. Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras M, Magris M, Hidalgo G,
Baldassano RN, Anokhin AP, Heath AC, Warner B, Reeder J, Kuczynski J, Caporaso JG, Lozupone CA,
Lauber C, Clemente JC, Knights D, Knight R, Gordon JI (2012) Human gut microbiome viewed across age
and geography. Nature 486 (7402):222-227. doi:10.1038/nature11053

24. Methodology WCCfDS (2019) Guidelines for ATC classi�cation and DDD assignment 2020. Oslo

25. Daniels SR, Hassink SG (2015) The Role of the Pediatrician in Primary Prevention of Obesity.
PEDIATRICS 136 (1):e275-e292. doi:10.1542/peds.2015-1558

26. Kim JH, Yun S, Hwang SS, Shim JO, Chae HW, Lee YJ, Lee JH, Kim SC, Lim D, Yang SW, Oh K, Moon
JS, Committee for the Development of Growth Standards for Korean C, Adolescents, Committee for
School H, Public Health Statistics tKPS, Division of H, Nutrition Survey KCfDC, Prevention (2018) The
2017 Korean National Growth Charts for children and adolescents: development, improvement, and
prospects. Korean J Pediatr 61 (5):135-149. doi:10.3345/kjp.2018.61.5.135

27. Chai G, Governale L, McMahon AW, Trinidad JP, Staffa J, Murphy D (2012) Trends of Outpatient
Prescription Drug Utilization in US Children, 2002-2010. PEDIATRICS 130 (1):23-31.
doi:10.1542/peds.2011-2879

28. Vangay P, Ward T, Gerber JS, Knights D (2015) Antibiotics, pediatric dysbiosis, and disease. Cell Host
Microbe 17 (5):553-564. doi:10.1016/j.chom.2015.04.006

29. Sharma S, Tripathi P (2019) Gut microbiome and type 2 diabetes: where we are and where to go? J
Nutr Biochem 63:101-108. doi:10.1016/j.jnutbio.2018.10.003

30. Leong KSW, Derraik JGB, Hofman PL, Cut�eld WS (2018) Antibiotics, gut microbiome and obesity.
Clin Endocrinol (Oxf) 88 (2):185-200. doi:10.1111/cen.13495



Page 12/17

31. Paun A, Danska JS (2016) Modulation of type 1 and type 2 diabetes risk by the intestinal microbiome.
Pediatr Diabetes 17 (7):469-477. doi:10.1111/pedi.12424

32. de Oliveira GLV, Leite AZ, Higuchi BS, Gonzaga MI, Mariano VS (2017) Intestinal dysbiosis and
probiotic applications in autoimmune diseases. Immunology 152 (1):1-12. doi:10.1111/imm.12765

33. Abdellatif AM, Sarvetnick NE (2019) Current understanding of the role of gut dysbiosis in type 1
diabetes. J Diabetes 11 (8):632-644. doi:10.1111/1753-0407.12915

34. Davis TME (2008) Ethnic diversity in Type 2 diabetes.  25:52-56. doi:10.1111/j.1464-
5491.2008.02499.x

35. Kim JH, Lee CG, Lee YA, Yang SW, Shin CH (2015) Increasing incidence of type 1 diabetes among
Korean children and adolescents: analysis of data from a nationwide registry in Korea.519-524.
doi:10.1111/pedi.12324

36. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, Imperatore G, Linder B,
Marcovina S, Pettitt DJ, Pihoker C, Saydah S, Wagenknecht L (2017) Incidence Trends of Type 1 and Type
2 Diabetes among Youths, 2002–2012. New England Journal of Medicine 376 (15):1419-1429.
doi:10.1056/nejmoa1610187

37. Falagas ME, Kompoti M (2006) Obesity and infection. Lancet Infect Dis 6 (7):438-446.
doi:10.1016/S1473-3099(06)70523-0

38. Dobner J, Kaser S (2018) Body mass index and the risk of infection - from underweight to obesity. Clin
Microbiol Infect 24 (1):24-28. doi:10.1016/j.cmi.2017.02.013

Tables
Table 1. Clinical characteristics in the study population according to the cumulative de�ned daily dose of
antibiotics.
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  The cumulative de�ned daily dose of antibiotics  

  0-29 30-59 ≥ 60 p for trend

N (%) 28,706 (45.3) 18,188 (28.7) 16,540 (26.1)  

Age, years, mean (SD) 2.0 (0.0) 2.0 (0.0) 2.0 (0.0) -

Sex, N (%)       <0.001

 Boys 13,531 (41.3) 9,614 (52.9) 9,634 (58.3)  

 Girls 15,175 (52.9) 8,574 (47.1) 6,906 (41.8)  

Income, quartiles, N (%)       <0.001

 1st (highest) 7,553 (26.3) 4,194 (23.1) 3,640 (22.0)  

 2nd  13,480 (47.0) 8,705 (47.9) 7,873 (47.6)  

 3rd                    4,746 (16.5) 3,171 (17.4) 2,994 (18.1)  

 4th (lowest) 2,927 (10.2) 2,118 (11.7) 2,033 (12.3)  

Overweight†, N (%)       <0.001

 No 23,464 (81.7) 14193 (78.0) 11,972 (72.4)  

Yes 5,242 (18.3) 3,995 (22.0) 4,568 (27.6)  

p-value was calculated by the Chi-squared test for categorical variables, and analysis of variance for
continuous variables.

† Overweight was based on weight for length of 85 percentile or more. 

Acronyms: SD, standard deviation.

Table 2. The association between the cumulative de�ned daily dose of antibiotics and type 1 diabetes
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  The cumulative de�ned daily dose of antibiotics  

  0-29 30-59 ≥ 60 p for trend

Total antibiotics        

 N 28706 18188 16540  

 Event (%) 27 (0.09) 14 (0.08) 12 (0.07)  

 aHR (95% CI) 1.00 (ref) 0.86 (0.45-1.65) 0.81 (0.41-1.62) 0.532

Penicillin        

 N 28885 18060 16489  

 Event (%) 27 (0.09) 14 (0.08) 12 (0.07)  

 aHR (95% CI) 1.00 (ref) 0.88 (0.46-1.68) 0.82 (0.41-1.64) 0.556

Cephalosporin        

 N 29857 17352 16225  

 Event (%) 28 (0.09) 14 (0.08) 11 (0.07)  

 aHR (95% CI) 1.00 (ref) 0.90 (0.47-1.72) 0.76 (0.37-1.53) 0.441

Macrolide        

 N 30218 16924 16292  

 Event (%) 28 (0.09) 13 (0.08) 12 (0.07)  

 aHR (95% CI) 1.00 (ref) 0.86 (0.45-1.67) 0.83 (0.42-1.65) 0.563

Fluoroquinolone        

 N 32755 14941 15738  

 Event (%) 32 (0.10) 9 (0.06) 12 (0.08)  

 aHR (95% CI) 1.00 (ref) 0.64 (0.30-1.34) 0.81 (0.42-1.59) 0.411

Adjusted hazard ratio was calculated by Cox proportional hazard regression after adjustments for age,
sex, house income, and overweight. The least prescribed antibiotics group (0-30) was considered as the
reference group.

Acronyms: aHR, adjusted hazard ratio; CI, con�dence interval.

Table 3. The association between the number of antibiotics classes and type 1 diabetes
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  Type 1 Diabetes 

  N Event (%) aHR (95% CI)

The number of antibiotics classes      

 0-3 23849 23 (0.10) 1.00 (ref)

 4 33050 22 (0.07) 0.70 (0.39-1.26)

 ≥ 5 6482 8 (0.12) 1.20 (0.54-2.70)

 p for trend     0.862

Age at �rst antibiotics prescription (days)      

 0-119 25997 22 (0.08) 1.00 (ref)

 120-239 21454 15 (0.07) 0.85 (0.44-1.65)

 ≥ 240 15983 16 (0.10) 1.25 (0.65-2.39)

 p for trend     0.573

Adjusted hazard ratio was calculated by Cox proportional hazard regression after adjustments for age,
sex, house income, and overweight. The smallest number of antibiotics classes (0-3) was considered as
the reference group.

Acronyms: aHR, adjusted hazard ratio; CI, con�dence interval. 

Table 4. Strati�ed analysis on the association of antibiotics and type 1 diabetes according to groups of
weight for length 
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  Overweight† 

  No Yes

  N event
(%)

aHR (95%
CI)

N event
(%)

aHR (95%
CI)

cDDD            

 0-29 23464 22
(0.09)

1.00 (ref) 5242 5
(0.10)

1.00 (ref)

 30-59 14193 9
(0.06)

0.72 (0.33-
1.56)

3995 5
(0.13)

1.42 (0.41-
4.93)

 ≥ 60 11972 8
(0.07)

0.76 (0.34-
1.73)

4568 4
(0.09)

1.01 (0.27-
3.78)

 p for trend     0.433     0.965

The number of antibiotics class             

 0-3 19173 16
(0.08)

1.00 (ref) 4699 7
(0.15)

1.00 (ref)

 4 25474 18
(0.07)

0.87 (0.44-
1.70)

7598 4
(0.05)

0.36 (0.11-
1.23)

 ≥ 5 4982 5
(0.10)

1.15 (0.42-
3.14)

1508 3
(0.20)

1.25 (0.32-
4.84)

 p for trend     0.991     0.720

Age at �rst antibiotics
prescription (days)

           

 0-119 19926 16
(0.08)

1.00 (ref) 6071 6
(0.10)

1.00 (ref)

 120-239 16729 10
(0.06)

0.77 (0.35-
1.70)

4725 5
(0.11)

1.09 (0.33-
3.59)

 ≥ 240 12974 13
(0.10)

1.29 (0.62-
2.68)

3 5
(0.10)

1.11 (0.28-
4.44)

 p for trend     0.569     0.873

The number of events was expressed as the total number of diabetes. Adjusted hazard ratio was
calculated by Cox proportional hazard regression after adjustments for age, sex, and house income. The
least prescribed antibiotics group (0-30 cDDD), the smallest numbers of antibiotics classes (0-3 classes),
the earliest days of age at �rst antibiotics prescription (0-120 days) was considered as the reference
group.

† Overweight was based on weight for length of 85 percentile or more. 
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Acronyms: Abx, antibiotics; aHR, adjusted hazard ratio; cDDD, cumulative de�ned daily dose; CI,
con�dence interval. 

Table 5. Sensitivity analysis on the association between antibiotics and type 1 diabetes after additional
adjustments for preterm birth, NICU admission, and breastfeeding 

  N Events (%) aHR (95% CI)

cDDD      

 0-29 23907 21 (0.09) 1.00 (ref)

 30-59 14994 11 (0.07) 0.86 (0.42-1.80)

 ≥ 60 13346 8 (0.06) 0.69 (0.30-1.58)

 p for trend     0.354

The number of antibiotics class       

 0-3 19833 16 (0.08) 1.00 (ref)

 4 27113 19 (0.07) 0.86 (0.44-1.68)

 ≥ 5 5291 5 (0.09) 1.08 (0.39-2.95)

 p for trend     0.933

Age at �rst antibiotics prescription (days)      

 0-119 21245 17 (0.08) 1.00 (ref)

 120-239 17590 11 (0.06) 0.87 (0.40-1.89)

 ≥ 240 13402 12 (0.09) 1.27 (0.60-2.71)

 p for trend     0.588

The number of events was expressed as the total number of diabetes. Adjusted hazard ratio was
calculated by Cox proportional hazard regression after adjustments for age, sex, house income,
overweight, preterm birth, NICU admission, and breastfeeding. The least prescribed antibiotics group (0-30
cDDD) , the smallest numbers of antibiotics classes (0-3 classes), the earliest days of age at �rst
antibiotics prescription (0-120 days) was considered as the reference group.

Acronyms: aHR, adjusted hazard ratio; cDDD, cumulative de�ned daily dose; CI, con�dence interval; NICU,
neonatal intensive care unit.


